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Preface

F

or the first time in many years, Africa has enjoyed a period of strong and sustained economic growth. The agricultural sector has also grown at a moderate
rate, and this growth has contributed to significant reductions in poverty in
many African countries. This improved agricultural performance is consistent with
continentwide initiatives—one of the most important being the Comprehensive
Africa Agriculture Development Programme—which aim to raise rural incomes,
reduce poverty, and increase food and nutrition security through agricultural investment and growth.
This book examines the potential of agriculture to contribute to national
growth and poverty reduction. It also evaluates the financial costs of accelerating
agricultural growth. The analysis is based on ten country case studies that apply
similar economywide approaches to linking growth, poverty, and investment.
The findings indicate that, in most African countries, improving agriculture’s
performance is essential to achieving pro-poor growth. They also point to export
agriculture having high growth potential and becoming a prominent part of agricultural strategies. The research shows that broad-based growth will be difficult
to achieve without expanding staple-foodcrop production and livestock production, since only they have the scale and linkages to poor households needed to
reduce national poverty within a reasonable period of time. Finally, the case studies confirm the need for greater investment in agriculture. However, the efficiency
of agricultural investments will have to improve if development targets are to
remain attainable.
This book provides a structured approach to evaluating agricultural development strategies at the country level. The case studies demonstrate the application of
important analytical methods that can be adopted by governments and researchers
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in developing countries. Of course, not all challenges facing agricultural development can be addressed by the methods presented in this volume. For example, analysis
of the political economy of investment decisionmaking is also important to promoting agricultural growth. Nevertheless, this book provides valuable practical insights
and guidance and will contribute to strategic thinking and investment planning and
implementation in many African countries.
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Chapter 1

African Agriculture and Development
Joanna Brzeska, Xinshen Diao,
Shenggen Fan, and James Thurlow

A

fter decades of income divergence between Africa and the rest of the world,
a new era appears to have begun in many African countries.1 The decade
since 2000 has been one of macroeconomic stability, sustained economic
growth, and improved governance. Although this performance was disrupted by
the global recession and food crises in 2008–10, Africa was one of the less affected
of the world’s developing regions. In fact, not only did growth accelerate in Africa
during the 2000s, but this was also the first decade since the 1970s when Africa was
not the slowest growing developing region (World Bank 2010a).2 It therefore marks
a historic break from decades of internal and external deficits, economic stagnation, and political turmoil. Moreover, a wide range of African countries performed
well, including oil-exporting and resource-rich countries, large and middle-income
countries, and coastal and low-income countries (Arbache et al. 2008). The new
millennium has heralded Africa’s first “decade of growth.”
What is not clear, however, is whether Africa’s stronger and sustained growth
will successfully lay the foundations for longer term economic transformation and
prosperity. Despite some positive trends, many problems and challenges still remain.
High levels of poverty, poor health, and malnutrition continue to plague many
African countries. As a developing region, Africa still experienced an increase in its
number of poor people during 2000–05 (World Bank 2010a). Moreover, some of
Africa’s fastest growing economies have not significantly reduced poverty, such as
Mozambique and Tanzania (Republic of Mozambique 2010; United Republic of
Tanzania 2010). These disappointing social outcomes are due to weak institutional,
policymaking, and research capacity and to insufficient public investments that are
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often misallocated and inefficient (see Fan 2008). The important role of evidencebased research in formulating pro-poor development strategies means that the lack
of research capacity and inadequate human resources have also been a major hurdle
to development.
Most of Africa’s poor population is to some degree dependent on farming.
Therefore, fostering agricultural growth is often seen as being central to development strategies aimed at reducing poverty and hunger in the region (Thirtle, Lin,
and Piesse 2003). Not only is poverty still concentrated in rural areas, but the agricultural sector also typically accounts for a large share of national income and
employment. However, despite its importance, agricultural growth in Africa still
lags far behind national overall economic growth, with per capita agricultural
incomes expanding at less than 1 percent per year during 2000–09 (World Bank
2010a). This rate was only a third of the nonagricultural sector’s growth rate. From
a global perspective, African agriculture has fallen even farther behind that of other
developing regions, even during the continent’s more rapid growth period. As a
result, the rural–urban divide in Africa has continued to widen.
African heads of state have responded to slow agricultural growth and rural
development by adopting the Comprehensive Africa Agriculture Development
Programme (CAADP). This is an African-owned initiative to stimulate agriculture
on the continent and accelerate agriculture-led growth and poverty reduction under
the framework of the New Partnership for Africa’s Development (NEPAD). Among
the main principles of the CAADP is the pursuit of a 6 percent annual growth rate
in agriculture by allocating at least 10 percent of public resources to the agricultural
sector. Although the endorsement of the CAADP represents a strong commitment
to agriculture by African governments, its implementation requires analytical support at the country level. For example, analytical support is needed to analyze the
role of agriculture and its potential contribution to future development in Africa.
What should be the priorities among different subsectors in agriculture? Is 6 percent
agricultural growth enough to achieve poverty- and hunger-reduction goals? How
many resources are required to support the necessary agricultural growth? How should
limited public resources be prioritized?
Debating Agriculture’s Role in African Development

African governments have now placed more emphasis on agriculture in their development strategies than in the past. Yet our understanding of agriculture’s role in
countries’ development processes has evolved considerably over the past half
century, and the supposed importance of the sector is far from resolved.3 Early
“dual-economy” models viewed agriculture as a passive participant, that is, as a tradi-
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tional, low-productivity supplier of food and surplus labor to a modern and more
urbanized industrialization process (Adelman 1999). Although raising agricultural
productivity was seen as a necessary precondition for development, agriculture itself
was not viewed as a major source of national growth and certainly not as a leading
sector in a country’s economic transformation. In fact, agriculture’s dependence on
fixed natural resources meant that, in the long run, growth in the sector would be
constrained, and its share of the economy would inevitably decline. Agriculture
would, however, remain important as a supplier of food. Traditional thinking,
therefore, saw agriculture’s role as providing a reserve of low-wage labor and ensuring food security.
The successes of Asia’s Green Revolution caused many people to reassess their
understanding of agriculture’s growth potential. New technologies allowed agriculture in Asia to raise its productivity, overcome national resource constraints, and
transform itself into a modern sector. Underlying agriculture’s contribution to
broader development was the sector’s economic linkages to nonagriculture (Johnston
and Mellor 1961). Faster agricultural growth was found to stimulate growth in
downstream sectors and, by raising real incomes, generate demand for both farm
and nonfarm goods. Agriculture’s linkages were also shown to be particularly important for rural development (see, for example, Haggblade, Hazell, and Brown 1989;
Haggblade, Hammer, and Hazell 1991). More recent evidence goes beyond linkages
to emphasize the benefits of reducing urban bias in public investments and improving nutrition (Timmer 2002). Together, these insights from Asia led many to assign
agriculture a more prominent or active role in the development process—one that
might be transferrable to Africa.
Although the evidence confirms the central role played by agriculture in Asia,
there is still some disagreement over whether the lessons learned two decades ago
remain relevant for Africa today. Of course, proponents of agriculture argue that the
sector is the largest in Africa, and so without agricultural growth, there is unlikely
to be meaningful national growth. Similarly, much of Africa’s nonfarm economy
relies on raw agricultural materials, and so African industrialization may also hinge
on raising farm production. Moreover, because most of Africa’s poor population still
lives in rural areas and depends on agriculture for a livelihood, there is unlikely to
be broad-based poverty reduction without at least some acceleration in agricultural
growth. Of course, as mentioned above, agriculture has not historically been a major
source of economic growth in Africa. However, proponents of African agriculture
argue that this is due to long-standing urban bias and underinvestment in the sector
(see Fan 2008; Fan and Zhang 2008). Empirical evidence suggests that the returns
to agricultural investments are large and rapid agricultural growth is possible, given
Africa’s low productivity levels. Proponents therefore see few alternatives to agricul-
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ture in many African countries. They also identify considerable opportunities to
accelerate agricultural growth, thereby promoting rural development and reducing
poverty.
Not all African development specialists view agriculture in the same positive
light. Many remain skeptical about the sector’s ability to play a central role in development. African agriculture has not been a stellar performer over the long run, and
the unfavorable agroecological conditions of many countries mean that the growth
experiences of Asia may not be replicable in Africa (see, for example, Collier 2003;
Maxwell and Slater 2003). Moreover, the world is now more globalized than it was
during the Green Revolution, which may make agriculture-led development more
difficult to achieve (and possibly make an agricultural foundation for economic
transformation unnecessary). For example, it may no longer be necessary for countries to expand domestic food production, as it is now easier to purchase foods from
global markets. This may allow African countries to overcome their resource constraints and poor agroecological conditions, and also to bypass agriculture in their
development process (Hart 1998). Those skeptical of agriculture place greater emphasis on industrialization through mining and manufacturing, or recently, on replicating India’s successes in the service sector. From this perspective, nonagriculture,
rather than agriculture, should be afforded a more central role in African development strategies.
Any poverty reduction strategy in Africa must pay some attention to rural
incomes, because a large portion of Africa’s poor population lives in these areas.
Therefore, the role of agriculture in reducing poverty is perhaps more clear cut, even
if one views the sector’s contribution to economic growth as marginal. However,
there are sharp differences of opinion over which kind of agricultural growth is most
effective at reducing poverty (Dorward et al. 2004). Some practitioners see export
crops as having both higher value and a lower dependence on domestic demand and
local markets, which are often small and poorly developed in African countries.
From this perspective, export-oriented crop production should be afforded the
highest priority in agricultural strategies. In contrast, others see a stronger role for
smallholder staple foodcrops in raising incomes. Empirical evidence suggests that
considerable potential exists for African farmers to trade foodcrops in domestic and
regional markets (see Diao and Hazell 2004). From this alternative perspective,
an agricultural strategy based on expanding foodcrop production would directly
benefit Africa’s poorest populations. It could also be based on commercialization
and trade, rather than on traditional subsistence farming.
There are thus three aspects to the current debate on the role of agriculture in
African development. First, it is not clear whether agriculture can generate substantial economic growth and poverty reduction in Africa, or whether a development
strategy based on industrial growth would be more effective. Answering this ques-
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tion would decide the merits of Africa’s CAADP initiative. Second, in agriculture,
it is not certain whether it would be preferable to promote smallholder foodcrops
or export-oriented crops. This question is crucial for African governments as they
reallocate resources to the agricultural sector under the CAADP. Of course, it should
be acknowledged that the debate is really over a matter of emphasis: How much
should agriculture or nonagriculture be emphasized in relation to the other? When
choices exist, how much public investment should be targeted toward export or
foodcrops? Finally, Africa is a large and diverse continent, and so policy prescriptions
must reflect country context—a “one size fits all” approach is not possible.
Objective: Identifying Sources
of Growth and Poverty Reduction

A development strategy would ideally take advantage of all opportunities for growth
and poverty reduction. In reality, however, the limited resources of governments
imply that sequencing or prioritization of public policies and investments is needed.
For many African countries, allocating 10 percent of their budget to agriculture
means that fewer resources are available for other interventions or sectors. Thus,
although the CAADP strengthens the role of agriculture in development, what is
lacking in many African countries is the evidence needed to justify this prioritization
and to design agricultural investment plans.
In this book we provide evidence to inform the design the African development
strategies and to address the ongoing debate on the role of African agriculture. We
develop an economywide modeling framework that captures the linkages between
sectoral and national economic growth on the one hand, and spatial and householdlevel poverty on the other. Within the context of the CAADP, we use this framework
to compare different sectoral sources of national and agricultural growth. Our analysis is based on 10 country case studies reflecting the diversity of agroecological
conditions and development challenges facing low-income Africa. In most cases we
conduct our analysis at both the national and subnational levels, and in all cases
we combine economywide modeling with survey-based microsimulation analysis.
We also explore a variety of methods to estimate the public resources required to
accelerate agricultural growth.
Based on a series of criteria reflecting the current debate, we use our modeling
framework to identify crops and sectors that have the greatest potential to generate
pro-poor growth. Individual sectors may have different impacts on national growth
and poverty reduction for a variety of reasons. First, certain sectors are already large,
and so small improvements in productivity can have large implications for national
growth over a reasonable time horizon. Second, smaller sectors may have higher
growth potentials, so they can still contribute to overall growth by expanding rap-
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idly. Third, some sectors are more effective at reducing poverty, either because they
have stronger linkages to poor households’ income-generation processes, or they
produce products that poor households consume intensively. Fourth and similarly,
some sectors produce products that are important for households’ nutritional status,
especially if essential foods cannot be imported easily. Finally, some sectors may have
stronger economywide linkages, such as to downstream processing, and so expanding production in these sectors generates more national-level growth. Criteria such
as these are determined by a country’s unique structural characteristics and market
conditions. Of course, the prioritizations of sectors within a development strategy
will ultimately depend on a country’s own development objectives, that is, balancing
growth, poverty, and food-security outcomes. Therefore, to inform the debate on
African agriculture, it is essential that suitably representative case-study countries
are selected.
Country Case Studies
Typology of African Countries

In selecting our case studies, we first develop a typology of African countries designed
to capture four dimensions of the debate on the role of agriculture in development
(Table 1.1).4 The first two dimensions relate to natural resource endowments
and geographic characteristics. Agriculture’s growth potential depends on agroecological conditions. To ensure that we select cases with both high and low agricultural potential, we separate countries into those with more- or less-favorable
agroecological conditions according to the classification in Diao et al. (2007).5
However, even in countries with favorable conditions, agriculture competes with
other sectors for limited resources. Countries with rich mineral and oil endowments
may have alternative sources of growth and so are separated in the typology.
Furthermore, coastal countries may have advantages in export-oriented agriculture
or greater opportunities in nonagricultural sectors. Therefore, coastal and landlocked countries are also separated. The typology identifies four groups of African
countries based on their natural resource endowments and geographic characteristics: (1) coastal; (2) landlocked; (3) mineral-rich; and (4) less-favorable agricultural
potential. These traits describe the immutable initial conditions in which agriculture
and other economic activities must operate.
The other two dimensions of the debate relate to agriculture’s situation in the
broader economy and its relationship to poverty reduction. One of the arguments
in favor of agriculture playing a central role in development is its strong linkages to
poor rural households. To capture this connection, we measure the share of a country’s poor population living in rural areas by using data from World Bank (2010b).

AFRICAN AGRICULTURE AND DEVELOPMENT

7

Table 1.1—Typology of African countries
Rural poor more than
half of poor population
Agriculture more
than 30 percent
of total GDP
More-favorable agroecological conditions
Coastal
Benin
Ghana
Tanzania
Togo
Landlocked

Burkina Faso
Ethiopia
Malawi
Mali
Mineral
Central African
Republic
Democratic Republic
of the Congo
Nigeria
Sudan
Less-favorable agroecological conditions
Burundi
Niger
Rwanda
Namibia

Agriculture less
than 30 percent
of total GDP
Côte d’Ivoire
Kenya
Mauritius
Mozambique
Senegal
Lesotho
Swaziland
Uganda
Zimbabwe
Chad
Equatorial Guinea
Guinea
Zambia

Eritrea
Madagascar
Mauritania

Rural poor less
than half of
poor population
South Africa
The Gambia

Angola
Cameroon
Republic of Congo

Botswana
Cape Verde

Sources: GDP and poverty data from World Bank (2010a, 2010b). Agroecological and geographic classifications
from Diao et al. (2007).
Notes: Poverty shares use most recent available survey year and national poverty lines (not US$1 per day). Only
countries not rich in minerals were classified as landlocked or coastal. GDP = gross domestic product. Boldface
denotes case-study countries. Italics denote middle-income status. Agriculture’s share of GDP is for 2005 or
closest year.

On average, more than two-thirds of low-income African countries’ poor populations are rural. Even the most urbanized and developed countries in Africa have rural
poor population shares of more than 40 percent. Therefore, as a third dimension of
the topology, we separate countries into two groups based on whether more or less
than half of their poor populations are rural. Finally, the fourth dimension of the
typology is agriculture’s initial size in an economy, which together with its growth
potential, captures the ability of the sector to stimulate national economic growth.
On average, agriculture generated almost 30 percent of total gross domestic product
(GDP) across low-income African countries. We use this threshold to further separate countries with large rural poor populations into those with small and large
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agricultural sectors. We therefore have three groups in the typology based on agriculture’s structural characteristics: (1) countries with a large rural poor population
and large agricultural sector, (2) those with a large rural poor population and small
agricultural sector, and (3) those with a small rural poor population.
Case Study Selection

We selected 10 countries from the typology (bolded in the table).6 We exclude middleincome countries from our selection (italicized), as well as countries with less than
half of their poor populations in rural areas (that is, the final column of the table).
Such countries include Botswana and South Africa, where agriculture has played an
important role in past development, but the low agricultural GDP share and relatively small rural poor population mean that agriculture is unlikely to be the driver
of national growth or poverty reduction in the future.7 Our 10 selected countries
cover the continent’s three regions: five from eastern Africa, three from southern
Africa, and two from western Africa.
Together the 10 case-study countries accounted for 57 percent of low-income
Africa’s total population in 2005 and a similar share of its poor population (Table
1.2). The population of individual countries varies widely, from 141 million in
Nigeria to only 9 million in Rwanda. The difference in the per capita GDP is also
large, with the highest value four times the size of the lowest value. Nigeria and
Zambia have the highest per capita GDPs because of overvalued exchange rates
caused by high mineral export prices. The three countries with the lowest income
levels are the more agrarian economies of Ethiopia, Malawi, and Rwanda.
Our cases reflect above- and below-average characteristics for low-income
Africa. In six of the countries, agriculture’s share of GDP is above the average for
low-income African countries, and in four countries it is below. Moreover, among
countries with large agricultural shares, three are greater than 40 percent (Ethiopia,
Ghana, and Tanzania), and three are between 30 and 40 percent (Malawi, Nigeria,
and Rwanda). We also consider the contribution of manufacturing to GDP: six case
studies have above-average shares and four below. Finally, as mentioned above, we
exclude from our selection countries with more than half of their poor populations
in urban areas. This obviously biases our selection toward countries with larger rural
population shares. However, despite this restriction, four of the case studies are more
urbanized than the average low-income African country. This balanced selection of
countries suggests that our cases are representative of low-income Africa.
Recent Growth and Poverty Reduction

Our analysis focuses on the effectiveness of different sources of economic growth in
reducing poverty. Although the recent performances of each case study are discussed
in detail later in the book, we provide a broad comparison of the 10 countries in

748.8
56.0
692.9
74.7
21.9
35.8
13.7
20.8
140.9
9.0
39.0
28.7
11.7

64.9
42.4
66.7
83.9
52.2
79.3
82.7
65.5
53.8
82.5
75.8
87.5
65.0

Rural
population
(percent)
54.2
26.9
56.4
39.0
30.0
19.7
73.9
74.7
64.4
76.6
88.5
51.5
64.3

National
poverty rate
(percent)
68.5
45.3
69.4
85.1
51.5
79.0
82.7
67.0
62.5
82.2
77.3
87.3
65.0

Rural share
of poor
(percent)
864
5,221
513
165
489
523
209
316
797
266
373
314
610

GDP
per capita
(US$)
17.4
3.1
29.1
46.7
40.9
27.2
32.9
27.0
32.8
38.7
46.1
26.7
22.1

Agriculture

11.8
17.2
7.4
4.8
9.5
11.8
13.9
15.5
2.8
6.2
6.8
7.5
11.3

Manufacturing

Share of GDP (percent)

Source: Authors’ calculations based on World Bank (2010a, 2010b).
Notes: The poverty rate is the proportion of the population with per capita consumption below the poverty line. Poverty rates are based on the latest available survey. GDP = gross
domestic product.

Sub-Saharan Africa
Middle-income Sub-Saharan Africa
Low-income Sub-Saharan Africa
Ethiopia
Ghana
Kenya
Malawi
Mozambique
Nigeria
Rwanda
Tanzania
Uganda
Zambia

Region / country

Total
population
(million)

Table 1.2—Characteristics of case-study countries, 2005
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Table 1.3—Recent economic growth rates in case-study countries
Annual average
total GDP growth
(percent)
Region / country
Sub-Saharan Africa
Low-income Sub-Saharan
Africa
Ethiopia
Ghana
Kenya
Malawi
Mozambique
Nigeria
Rwanda
Tanzania
Uganda
Zambia

Annual agricultural
GDP growth
(percent)

Annual per capita
total GDP growth
(percent)

1990–99

2000–06

1990–99

2000–06

1990–99

2000–06

2.1
2.2

4.8
5.3

3.0
3.0

3.2
3.6

–0.6
–0.5

2.2
2.5

3.3
4.3
2.2
3.7
5.5
2.7
–1.6
2.7
7.1
0.2

5.5
5.0
3.5
1.7
8.2
5.5
5.0
6.4
5.6
4.8

2.7
3.0
1.5
7.5
4.5
3.2
1.5
3.2
3.6
3.2

4.6
3.4
3.0
–0.7
6.4
5.3
3.6
4.8
4.4
1.7

0.8
1.6
–0.8
1.8
1.8
–0.1
–1.7
–0.2
3.6
–2.4

2.7
2.7
0.8
–0.9
5.2
2.9
2.7
3.7
2.3
2.8

Source: Authors’ calculations based on World Bank (2010a).
Note: GDP = gross domestic product.

Table 1.3. Africa as a region performed well during the 2000s, but the performance
of individual countries has varied. Per capita GDP grew at more than 5 percent per
year in Mozambique during 2000–06 but fell by almost 1 percent per year in
Malawi. In terms of total GDP, five of the case-study countries grew faster than the
average for low-income Africa, whereas, in per capita terms, seven were above average. Agricultural GDP growth accelerated after 2000 in all but two of the case
studies, namely, Malawi and Zambia. However, as in the African region as a whole,
agricultural growth in the 10 countries has lagged behind total GDP growth.
Table 1.4 summarizes recent poverty-reduction trends in the 10 case-study
countries. As mentioned earlier, although poverty in Africa declined as a share of
the population between 2000 and 2005, the absolute number of poor people on
the continent has increased (World Bank 2010a). Moreover, there have been very
different poverty outcomes at the national level, where the poverty rates of some
countries have increased since the late 1990s. For example, the national poverty
headcount rate, which measures the share of the population living below the
poverty line, rose in half of the case-study countries. Moreover, while Ethiopia
witnessed a 17 percent decline in its national poverty rate, Tanzania experienced a
16 percent increase. Thus, even more than with economic growth, there have been
widely different achievements in reducing poverty across African countries. Our 10
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Table 1.4—Recent poverty-rate reductions in case-study countries
First survey
Region / country

Year

Rate
(percent)

Sub-Saharan Africa
Ethiopia
Ghana
Kenya
Malawi
Mozambique
Nigeria
Rwanda
Tanzania
Uganda
Zambia

2000
1999
1998
1997
1997
1997
1996
1984
2000
1999
1998

55.0
55.6
39.1
19.6
83.1
81.3
53.9
63.3
72.6
60.5
55.4

Second survey
Year

Rate
(percent)

Annual
change
(percent)

2005
2005
2006
2005
2004
2003
2003
2000
2007
2005
2004

50.1
39.0
30.0
19.7
73.9
74.7
64.4
76.6
88.5
51.5
64.3

–1.54
–5.72
–3.27
0.10
–1.66
–1.41
2.57
1.19
2.87
–2.64
2.51

Source: Authors’ calculations based on World Bank (2010b).
Notes: The poverty rate is the proportion of the population with per capita consumption below the poverty line.
National poverty rates are based on US$1.25 per day. The survey closest to 2000 and the most recent survey
were selected. Sub-Saharan average includes both middle- and low-income countries.

case studies therefore reflect both the general trends in Africa during the 2000s and
the diversity of growth and poverty-reduction performances. In this book we examine the role of economic structure in driving these divergent experiences of individual countries. We also explore whether agriculture can provide a platform for
simultaneous growth and poverty reduction.
Outline of the Book

Each country case study in this volume uses the same core methodology, namely, a
recursive dynamic computable general equilibrium (DCGE) model linked to a
household survey–based microsimulation module and a simple simulation model
to estimate the required agricultural spending. Chapter 2 describes the coverage
and functioning of the DCGE model, as well as its limitations. We also discuss
the insights that DCGE models bring to the debate on agricultural development in
Africa and the evidence they provide to help African governments design their
agricultural strategies. Chapter 3 describes the core methodology for estimating
the public resources needed to accelerate agricultural growth (that is, to meet the 6
percent target adopted under the CAADP). Chapters 2 and 3 therefore provide the
common foundation on which the individual country studies are based.
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The order of the 10 case studies in Chapters 4–13 is determined by how the
core methodology is implemented. More specifically, the analysis in each chapter
can be separated into two components. The first is the poverty–growth component,
which evaluates the linkages between economic growth and poverty in each country.
The second is the investment–growth component, which estimates how much
public investment is needed to achieve faster growth. The country studies differ in
how each component is conducted and how closely tied they are.
In terms of the poverty–growth component, the chapters progress from country
studies that adopt a broader view of the debate on the role of agriculture to those
with a more detailed focus on the agricultural sector itself. For example, the Kenya
and Ethiopia studies (Chapters 4 and 5, respectively) are presented early in the book,
because they start by contrasting the effectiveness of aggregate agriculture and
nonagriculture on economic growth and employment. They therefore directly
address the first area of debate, namely, whether agriculture or nonagriculture should
be prioritized in national development strategies. The subsequent case studies focus
more on the second aspect of the debate, namely, which agricultural subsectors are
most effective at raising growth and reducing poverty. Although every chapter
addresses this issue, the later chapters in the book adopt a far more detailed treatment of the agricultural sector. For example, the Ghana study (Chapter 6) considers
different agroecological zones and how they shape crop and livestock production.
The Rwanda study (Chapter 7) and Nigeria study (Chapter 8) also disaggregate
agricultural activities geographically—by district in the case of Rwanda and by
region in the case of Nigeria—to better identify opportunities at different locations
in the two countries. By contrast, the Malawi, Uganda, and Zambia case studies
(Chapters 9, 10, and 11, respectively) disaggregate the agricultural sector and rural
households according to farm typology. The Mozambique study (Chapter 12) not
only considers existing food and export crops but also evaluates how new opportunities for Africa, such as producing biofuels, may influence the debate. Finally, the
Tanzania study (Chapter 13) not only considers poverty as its welfare indicator but
also evaluates how agricultural growth affects household nutritional status. Thus,
although similar model simulations are conducted for each country, the 10 chapters
progress from those having a more macroeconomic perspective to those with a more
detailed treatment of agriculture.
The case studies are also ordered based on the nature of their investment–
growth component. The Kenya case study in Chapter 4 combines the two components of analysis in a single integrated modeling framework. Thus, the pressure
to raise funds to finance agricultural investments may have feedback effects on
poverty outcomes. This is the most complex treatment of investment and as such
could not be employed in every country study. Subsequent chapters therefore
adopted a top-down or nonintegrated approach that separates the poverty–growth
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and investment–growth components. In this sequential procedure, the impact of
faster growth on poverty is first assessed, and then the public resources needed to
achieve that growth are estimated. These top-down studies have no feedbacks from
investment costs to poverty. The 10 case-study chapters also differ in how the returns
to agricultural investments are estimated, that is, from country-specific estimates
(for example, Kenya and Rwanda) to cross-country analysis (for example, Malawi
and Zambia). The order of these 10 chapters also reflects how detailed the investment analysis is (from fully integrated country-specific approaches to more sequential cross-country approaches).
Each case-study chapter follows a similar structure. It first reviews the country’s
growth and poverty record and describes the structure of its agricultural sector. This
is followed by a brief description of the country’s DCGE model and its underlying
data sources. Our simulation results are presented in three sections. The first evaluates poverty reduction under the country’s current growth path, the second considers the impact of accelerated growth in various sectors and prioritizes these for
investment, and the third estimates investment costs. The final section of each
chapter summarizes its findings for the country.
Chapter 14 concludes the book by considering the implications of our analysis
for the broader debate on the role of agriculture in African development. We also
consider the evidence that this volume provides for the individual countries we
have studied as they design their agricultural development plans. It is our hope that
the methods and evidence we present in this book can strengthen governments’
efforts to transform a “decade of growth” into a platform for sustained economic
transformation and poverty reduction.

Notes
1. Unless stated otherwise, the use of “Africa” throughout the book refers to Sub-Saharan Africa
only.
2. Based on per capita gross domestic product in Africa.
3. This section draws on the literature reviews in Diao et al. (2007) and Diao, Hazell, and
Thurlow (2010).
4. Eight countries were dropped from the typology for data reasons: Comoros, Gabon, GuineaBissau, Liberia, Mayotte, Seychelles, Sierra Leone, and Somalia.
5. Diao et al. (2007) use data from Dixon et al. (2001) to rank the suitability of agroecological
conditions based on farming-system-level assessments. The bottom third of countries in this ranking
are deemed to have less-favorable conditions.
6. Not all countries were eligible for selection, because the data needed to calibrate the economywide model either do not exist or are not readily available. These include Central African Republic,
Democratic Republic of Congo, Republic of Congo, Sudan, and Zimbabwe.
7. Agriculture generates less than 3 percent of total GDP in Botswana and South Africa.
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Chapter 2

A Recursive Dynamic Computable
General Equilibrium Model
Xinshen Diao and James Thurlow

T

he relationship between economic growth and poverty is complex, especially
in developing countries where inadequate time series data often makes ex
post analysis difficult. This has led to uncertainty over the role of growth in
reducing poverty (see, for example, Ravallion 2003; Deaton 2005; Sala-i-Martin
and Pinkovskiy 2010). At its core, the growth–poverty relationship is determined
by a country’s economic structure, that is, the linkages among sectors, regions,
and institutions. It involves macroeconomic considerations, such as fiscal budgets
and current accounts, and microlevel decisionmaking of producers and households.
It is mediated through (and constrained by) product and factor markets.
Several methods are available to evaluate ex ante the impact of policies and
external shocks in developing countries.1 These tend to focus on specific aspects of
the growth–poverty relationship. Farm models, for example, capture detailed behavior of representative producers as they maximize their welfare by allocating resources
between competing activities. However, these models usually treat prices as given
and so evaluate microlevel decisions in isolation from broader markets and macroeconomic effects. In contrast, multimarket models explicitly capture market interactions and estimate price and income changes in response to external shocks.
However, they sacrifice some of the detail of farm models by excluding the decisionmaking of individual agents. They also tend to focus on particular sectors, such as
agriculture, and rarely take economywide linkages or resource constraints into
account. An important omission here is factor markets, which often influence a
country’s growth path and income distribution. Finally, multiplier models capture
economywide linkages, but they also tend to assume fixed prices and unconstrained
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factor resources. Each partial equilibrium approach is limited in its coverage of the
growth–poverty relationship and the policy options facing developing countries.
In this chapter we describe a computable general equilibrium (CGE) model
that incorporates many aspects of the growth–poverty relationship. Its general equilibrium specification reflects a country’s economic structure and linkages and captures the interactions between different decisionmaking agents in a market-based
economy. Although theoretically grounded, CGE models are calibrated to observed
data and so provide a semiempirical simulation laboratory for evaluating different
policy options. We first describe our economywide framework, before presenting the
CGE model’s mathematical specification. The model’s data sources and calibration
procedure are then described, followed by the poverty and nutrition modules. The
general features and workings of the model are summarized in nonmathematical
language, and the final section identifies some of the model’s main limitations.
Economywide Framework

CGE models are designed to capture the linkages between sectoral and national
economic growth on the one hand and household incomes and poverty on the other
(Figure 2.1). Direct and indirect transmission channels link growth to poverty, and
these are largely determined by a country’s economic structure. Production-side
linkages are influenced by sectors’ technologies. Backward production linkages arise
when producers demand intermediate inputs. When agricultural production
expands, it uses intermediate goods, such as fertilizers and transport, thereby stimulating nonagricultural production. The more input intensive a sector is, the stronger
its backward linkages are. Conversely, forward production linkages account for the
supply of inputs to downstream industries. When agricultural production expands,
it can supply more goods to food processors, which again raises nonagricultural
production.
Consumption linkages occur when household incomes are used to buy goods
and services. When agricultural production expands, it raises farmers’ incomes,
which are then used to purchase farm and nonfarm goods. The size of consumption
linkages depends on the share of factor income distributed to households, the composition of the consumption basket, and the share of domestically supplied goods
in consumer demand. Evidence from developing countries suggests that consumption linkage effects are much larger than production linkage effects (that is, they
account for 75–90 percent of total growth multiplier effects in Sub-Saharan Africa
and 50–60 percent in Asia; see Haggblade, Hammer, and Hazell 1991). Agricultural
growth multipliers are especially important in Sub-Saharan Africa (Delgado,
Hopkins, and Kelly 1998).
Our model captures production and consumption linkages when evaluating
economic growth. The model contains production functions disaggregated by sector
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Figure 2.1—Economywide conceptual framework
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and subnational regions. Representative producers each have a unique production
technology determining their linkages to other sectors. The production functions
combine the factors of production (for example, land, labor, and capital), and this
generates incomes for factors and households. As with producers, the model differentiates among household groups, and the distribution of factor incomes depends
on households’ unique factor endowments. Households consume commodities
based on their set of preferences and utility functions. This general equilibrium
structure allows us to trace the contribution of sectoral production to national economic growth and to household incomes and expenditures via product and factor
markets.
The model also covers the public sector. The government levies direct and
indirect taxes. It uses these revenues to pay for recurrent consumption spending,
which in turn generates demand for producers’ goods and services. The government
also pays for social grants and makes capital investments. The government may
receive financial assistance from abroad through borrowing or foreign aid. Foreign
markets are also a source of export demand and a supplier of imports. The size of
growth multiplier effects is determined by the combined export-intensity and
import-penetration ratios of individual sectors. A country with high export intensity
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faces less stringent domestic demand constraints, whereas a higher import penetration ratio means greater competition from foreign producers. The CGE model
captures these interactions with the rest the world by using trade functions and
tracking international transfers. Finally, our CGE model is recursively dynamic.
Savings are collected into a national pool and are used to finance investment.
Investment is converted into capital stocks to determine the rate of capital accumulation. Changes in factor supplies and productivity determine the overall rate of
economic growth in the country. In some cases the rate of technical change is linked
to the level and composition of investments.
Mathematical Specification of the Model

Following the tradition of general equilibrium theory, perfect competition is a key
assumption in our CGE model, at least for domestic product markets. By assuming
a market-based economy, our model solves for the equilibrium between demand
and supply of individual factors and products, as mediated by changes in relative
prices. Given the model’s multisector, multifactor, and sometimes multiregional
setting, the economic structure of an economy (to which to the model is calibrated)
will affect the ability of producers and consumers to respond to changing prices.
Economic structure therefore influences changes in the distribution of incomes
across household groups. The process of calibrating the model to the structure of
an economy is described later in this chapter. Here we present the model specification using a series of mathematical equations that explain the behavioral responses
of economic agents (for example, consumers, producers, and the government).
Because this is a general equilibrium model, we also present equations that maintain
economywide or macroeconomic consistency. We then discuss the dynamic processes of the model. The concluding section of this chapter discusses some of the
model’s main limitations.
Consumer Behavior

For a recursively dynamic model, consumer behavior is assumed to be the same as
in a static model. Thus, typical consumers (and there can be more than one in the
model) maximize their welfare (represented by a utility function) facing a budget
constraint. Using a Stone-Geary utility function, the consumer problem can be presented mathematically as:
Max∏j (Chj – γhj)βhj
subject to ∑j (Pj · Chj) = (1 – sh – tyh )Yh ,
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where j ∈J and h ∈H, and J and H are sets for commodities and households, respectively. C is the level of consumption for good j consumed by household h,
γ is a minimum subsistence level of consumption for good j, and β stands for marginal budget share (that is, the share of the next “dollar” of income spent on good
j). Consumption-based utility is maximized subject to the budget constraint equation, in which P is the market price faced by the consumers, s is the saving rate
(defined later), ty is an income tax rate, and Y is total income.
Savings of household h is equal to shYh . In a recursive dynamic model, consumers’ saving decisions cannot be solved simultaneously with their consumption
decisions, because they face an intratemporal maximization issue rather than an
intertemporal one. Savings rates in recursive models are usually an exogenous variable, which is similar to Solow-style growth models, in which the total amount of
savings adjusts over time in proportion to income levels. This choice greatly simplifies the dynamics in recursive models, because savings cannot be used to smooth
consumption over time, as is the case in Ramsey-style intertemporal dynamic
models.2 This is an obvious caveat of our model. However, the dynamic optimization issue is less important for our purposes, because we are less concerned with how
to allocate income over time to maximize a time-discounted utility function and
reach steady-state equilibrium. Rather, the model developed in this chapter is used
to evaluate structural linkages and economic growth paths over a relatively short
period of about 10–15 years. A longer period is normally required for intertemporal
optimization problems. Moreover, factor accumulation and technical change, rather
than savings, are the sources of economic growth in our model. This assumption is
reasonable, given that private savings are usually very low in low-income African
countries.
Maximizing the consumer utility function generates the following set of
demand functions, which are the equations applied in the CGE model for the
consumer problem:
Chj = γhj + βhj [(1 – sh – tyh )Yh – ∑i(Pi · γhi )]Pj –1,

(1)

where i ∈J. Equation 1 is known as a linear expenditure system (LES) of demand.
It permits changes in consumption patterns over time, because the subsistence level
of consumption γ can vary across products and so cause the pattern of additional
spending to differ from past spending. In the other words, unlike the Cobb–
Douglas demand system, the LES allows for nonunitary income elasticities of
demand. Therefore, although all goods are assumed to be normal (that is, have a
positive income elasticity), the LES can distinguish between necessity goods (elasticity less than one) and luxury goods (elasticity greater than one). When marginal
rather than average budget shares enter the demand system and there is non-
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zero subsistence consumption of basic commodities, then the various consumers
in the model will respond differently to similar changes in incomes and market
prices. For example, when household incomes rise, poor households may increase
the share of their income spent on foods (that is, with an income elasticity greater
than one), whereas rich households may reduce their food expenditure share
(that is, with an elasticity less than one). This variation in responses explains why
CGE models usually consider multiple types of consumers (or household groups),
often distinguished by geographic location, rural or urban areas, income sources,
or poor/nonpoor status. As discussed below, income elasticities are usually estimated econometrically using nationally representative household expenditure
surveys.
Producer Behavior

Producers are defined at the sector level. A typical producer maximizes profits, given
a set of input and output prices. Consistent with neoclassical general equilibrium
theory, we assume constant returns to scale technology. Accordingly, a constant
elasticity of substitution (CES) function is chosen as the production function for
each sector:
Xi = Λi

∑a

(

if

· Vif–ρi

f

)

–1/ρ
i,

f ∈F,

(2)

where X is the output quantity of sector i, Λ is a shift parameter reflecting total factor
productivity (TFP), V is the quantity demanded of each factor f (land, labor, and
capital), F is the set of factors, and α is a share parameter of factor f employed in
the production of good i.3 As with any production function, producers combine
the factors of production to produce a certain level of output. Here ρ is a parameter
to capture the substitution relationship between factors, that is, ρ transfers the
elasticity of substitution, σ, in the following way: ρ (σ = 1/(1 + ρ)). Thus, unlike a
Cobb–Douglas function, in which the substitution elasticity is always unitary, the
CES production function allows for a wider range of substitution possibilities
between different factors in response to relative price changes. A higher elasticity
means that it is easier for producers to switch between factors (that is, the system is
more responsive to relative factor price changes), whereas a low elasticity represents
a more rigid factor market system.
Profits π in sector i are defined as the difference between revenues and total
factor payments:
πi = PVi · Xi –

∑(W

f

f

· Vif ),
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where PVi is the value-added component of the producer price, and Wf is factor price
(for example, labor wages and land or capital rents). Maximizing sectoral profits
subject to Equation 2 and rearranging the resulting first-order condition provides
the system of factor demand equations used in the model:
ρ

– ——i—
PVi 1/(1 + ρ )
i .
Vif = Λi 1 + ρi · Xi αif · ——
Wf

(

)

(3)

Equation 3 shows how demand for an individual factor V falls when its cost W
rises relative to the composite price of all other factors PV. It should be noted that
it is relative rather than absolute price changes that matter in the CGE model. If PV
and W increase or decrease at similar rates, then factor demand is unaffected (factor
demands will increase proportionally with changes in output X ).
Intermediate inputs are also used in the production process. Leontief technology is assumed for the relationship between intermediate input use and gross output. Demand for intermediates is determined by the fixed input–output coefficients
io´i i between good i´ used in the production of output i. The complete producer
price PP is then defined as:
PPi = PVi + ∑j Pj ioji .

(4)

Equation 4 shows how the producer price is not only affected by PV, which is
a combination of factor prices taking into consideration sector-specific technology.
It is also affected by the prices of intermediate inputs weighted by the intensity of
their use. The equation indicates possible interindustry linkages through competition for similar factors among sectors and through competition over the supply of
intermediate inputs. These production linkages are best captured by a general equilibrium model that accounts for the use of both factors and intermediates in the
production process. This consideration is important for our analysis, because production linkages are usually weaker for traditional agriculture, which typically uses
few modern intermediate inputs (for example, fertilizer). Resource constraints and
price responses are also important considerations when evaluating the relationship
between economic growth and poverty reduction.
Behavioral Functions Governing International Trade

In most partial equilibrium and theoretical general equilibrium models, international trade occurs when domestic demand does not equal domestic supply. Imports
are defined as excess demand for a particular good, whereas exports are excess supply.
In this framework, it is impossible to have both imports and exports for the same
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good, because domestic and foreign goods are implicitly assumed to be perfect
substitutes. Such an assumption may be acceptable when analyzing a highly disaggregated commodity. However, more aggregated commodity groupings and different varieties can result in simultaneous imports and exports for what would
appear to be a single commodity (for example, white and yellow maize). In fact,
trade data reveal two-way trade for most commodities and most countries. For
manufactures, one can readily assume that a traded commodity is in fact a group of
different varieties of the same good (for example, textiles or vehicles). Consumers
have preferences not only for the commodity but also for varieties of a given commodity. Observing this phenomenon, Armington (1969) developed a structural
model in which a domestically produced and consumed good is an imperfect substitute for similar imported goods. This approach has become the standard approach
in CGE modeling to capture two-way trade (when such trade is observed in trade
data). We therefore also assume imperfect substitution between domestic goods and
goods supplied to and from foreign markets. CES functions are used to define the
relationship between domestically produced and imported goods:
Qi = Ωi [μi · Di– θi + (1 + μi )Mi– θi]–1/θi
(1 – tci )Pi · Qi = PDi · Di + PMi · Mi

(5)
(6)

PMi = (1 + tmi )pwmi ,
where Ω is the shift parameter in the function and µi is the share parameter for
domestically produced good Di in the composite good Qi , while Mi are imported
quantities of the same good to supply the domestic market, θi is the parameter to
capture the substitution relationship between imported quantities and domestically
produced quantities to form Qi , PDi is the price of Di , tc is an indirect sales tax, tm
is the import tariff rate, and pwn is the world import price. Substitution occurs when
the relative price of a domestic and imported good changes. For example, if the
import price remains unchanged, then domestic goods will substitute for imports
if the domestic price falls. Domestic prices may fall if, for example, productivity
increases. Similarly, lowering tariffs through trade liberalization should cause import
prices to fall relative to domestic prices. The import price PM in our model is determined exogenously by world import prices pwm and import tariff rates tm under
the small country assumption. When import prices fall, imports substitute for
domestic goods, causing domestic production to fall. Both situations are plausible.
Thus, an advantage of CGE models is that they capture both direct and indirect
substitution effects.
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Imperfect substitution is also assumed for exports. A constant elasticity of
transformation (CET) function determines the relationship between the quantity
of goods produced for domestic and foreign export markets:
Xi = Γi [τi · Diϕi + (1 + τi )Eiϕi]1/ϕi
PPi Xi = PDi · Di + PEi · Ei

(7)
(8)

PEi = (1 – tei )pwei ,
where Γ is the shift parameter in the function and τi is the share parameter for
domestically produced good Di in total output of good Xi , while Ei is exported
quantities of Xi , φi is the parameter to capture the substitution relationship between
exported quantities and domestically produced quantities of Xi , te is the export tax
rate, and pwe is the exogenous world export price. Analogous to import substitution,
the CET export function allows producers to switch between supplying domestic
and foreign markets, depending on relative price changes. If domestic prices rise
relative to export prices, then producers increase supply to domestic markets and
reduce exports in order to maximize revenues. Similarly, when world prices (and
hence export prices) increase, such as during the recent food-price crisis, then producers will increase exports and reduce domestic supply. This decision may be offset
by rising domestic prices caused by reduced domestic supply.
The level of imports and exports for an individual commodity is solved using
Equations 5–8. Maximizing PiQi – PDi Di – PMi Mi subject to Equation 5 and rearranging the resulting first-order condition gives the following equation defining the
ratio of D and M:
μi
PM 1/(1 + θi )
Di
——
= ———
· ——i
.
1 – μi PDi
Mi

(

)

(9)

Similarly, minimizing PPi Xi – PDi Di – PEi Ei subject to Equation 7 gives the ratio of
D and E:
τi
PDi 1/(ϕi – 1)
Di
——
= ———
· ——
.
1 – τi
PEi
Ei

(

)

(10)

The above two equations specify the substitution responses described earlier
(between relative prices and quantities). The ease with which producers or consumers switch between domestically produced and foreign goods is determined by
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elasticities of substitution θ and φ. Larger elasticities permit greater responsiveness
to relative price changes. These elasticities can be estimated based on historical
quantity–price relationships using econometrics or back-casting techniques (see, for
example, Arndt, Robinson, and Tarp 2002).
Equilibrium Conditions

A key difference between partial and general equilibrium models is the determination of prices. In most partial equilibrium models, prices are either exogenously
given or determined by predefined price functions. In general equilibrium theory,
all factor and commodity prices are determined endogenously by market equilibrium conditions. Without international factor mobility, factor prices W are fully
endogenous. To simplify our discussion, we initially assume that all factors are
fully employed and mobile across sectors. This implies the following factor market
equilibrium condition:

∑V

if

= V̄¯¯S̄¯f ,

(11)

i

where V̄¯¯S̄¯f is the total factor supply and Vif is factor demand in each sector (determined in Equation 3). Total factor supply is fixed in any given year. Any changes to
V̄¯¯S̄¯f must be determined exogenously or independently of the forces influencing Vif .
Equation 11 determines factor returns Wf , which are therefore affected by sectorlevel factor demands and the total supply of each factor.
The second key feature distinguishing general equilibrium models is their treatment of household incomes, which, via the budget constraint, determines consumer
demand for individual commodities. Partial equilibrium models often treat income
as an exogenous variable or something determined by forces other than the production system. In general equilibrium models, income is generated from the returns
earned by factors (and by remittance transfers, when they exist). To simplify our
discussion, we assume all factors are owned by households,4 such that household
income Y is determined by
Yh =

∑δ

hf

(1 – tff )Wf · Vif ,

(12)

if

where δ is a coefficient matrix that sums to one and determines the distribution of
factor earnings among individual households. Direct taxes tff are imposed on total
factor V̄¯¯S̄¯f ’s earnings (for example, corporate taxes on capital profits). The distribution of factor incomes is determined by households’ factor endowments. For example, higher income households are usually better endowed with capital and skilled
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labor, and so these households receive the most capital profits and a larger share of
skilled labor’s wage income than do lower income households. The value of δ is
therefore the driving factor behind distributional outcomes in our model. As discussed in the next subsection, information on household income sources is drawn
from household survey data.
Domestic prices are determined by equilibrium conditions in the product
market. As foreign demand and exports are determined in Equations 9 and 10,
market equilibrium can be defined in terms of the composite good Q instead of D
as follows:
Qi =

∑C

ih

+ Ni + Gi + ∑j(ioji · Xi ),

(13)

h

where N is investment demand and G is government recurrent consumption spending (both defined later). Changes in right-hand-side variables in Equation 13 reflect
shifts in demand, whereas changes in Q represent changes in supply. When changes
in total demand and supply are unequal, then domestic prices PD, and hence P,
change to establish a new market equilibrium.
The relationship between savings and investment demand N, and taxes and
government spending G, will be specified below. However, in the absence of taxes
or savings (that is, when ty, tf, s, N, and G are all zero), the above 13 equations
simultaneously solve for the values of the 13 endogenous variables (Y, C, X, V, Q,
D, M, E, P, PV, PP, PD, and W ). The general equilibrium solution defined by
the equations only holds if there are no foreign transfers, implying a zero trade balance. This assumption is often made in simple theoretical general equilibrium
models, but it is rarely used in CGE models, which need to be calibrated to observed
data for a country. Later we introduce foreign transfers and current account imbalances. Before doing this, however, we first define government G and investment
demand N.
Government and Investment Demand

The government in our CGE model appears as a separate institution with incomes
and expenditures but without any behavioral functions. In other words, its decision
to either consume or invest is not solved as an optimization problem. Total domestic
revenues R is the sum of all individual taxes:
R=

∑(tc · P · Q + tm · pwm · M + te · pwe · E ) +
i

i

i

i

i

i

i

∑(ty

h

h

· Yh ) + ∑f (tff · Wf · V̄¯¯S̄¯f ).

i

i

i

(14)
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Tax rates are typically exogenous in a CGE model so that they can be used to
simulate policy changes. The government may also receive income from abroad,
such as via foreign grants or borrowing and from holding assets. These additional
income sources are discussed below when we introduce macroeconomic closure.
Tax rates are typically exogenous in a CGE model so that they can be used to
simulate policy changes. Although the government does not attempt to maximize
revenues by endogenously changing tax rates, its revenues increase at given tax rates
when the economy grows. This allows the government to increase savings and
investment, create more public goods, and enhance productivity for the private
sector. African governments usually receive additional nontax income from abroad,
such as via foreign grants /borrowing and from holding assets. These additional
income sources are treated as exogenous to the model and are discussed below when
we introduce macroeconomic closure.
The government uses its revenues to purchase goods and services (that is, recurrent consumption spending) and to save (that is, finance public capital investment):
R=

∑(P · G ) + FB,
i

i

(15)

i

where G is consumption spending from Equation 13 and FB is the recurrent fiscal
balance, which can be positive to represent surplus and negative to represent deficit.
Because we do not have behavioral functions that optimize revenues and expenditures, our model does not endogenously balance government accounts. Rather, we
assume that G is determined exogenously, implying that an increase in government
revenues causes the fiscal surplus (or public savings or investment) to expand (or the
deficit to contract). The fiscal balance FB is therefore merely a residual balancing
item. In reality, the government also makes transfers to (and receives incomes from)
households and firms (such as social grants and contributions). Such transfers are
captured in the model as either fixed values or in proportion to changing household
populations or incomes. Although such transfers are considered in the CGE model,
we exclude them here to simplify the equations.
There is also no behavioral function determining the level of investment
demand for goods and services (N from Equation 13). The total value of all investment spending must equal the total amount of investible funds I in the economy.
We therefore assume that the value of N for each good i is in fixed proportion to
the total value of investment:
I · εi = Pi · Ni ,

(16)

where ε is the value share for each good i and P is the market price determined by
the equilibrium condition in Equation 13. To determine the value of I we must
define the macroeconomic closure.
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Current Account and Macroeconomic Closure

Macroeconomic balance in a CGE model is determined by a series of closure
rules. The most important of these is for the current account balance. Neoclassical
general equilibrium theory does not permit current account imbalances. However, CGE models are often calibrated to observed data for a country, where current
accounts are invariably imbalanced. Thus, our model will not be able to achieve
equilibrium unless we include external financial flows, such as incomes from holding foreign assets or the government’s external borrowing or foreign aid receipts.
Current account imbalances must be accounted for, because they affect the real
economy via the relationship between exports and imports and between savings and
investment. To incorporate these considerations into our model, we start from the
well-known identity linking a country’s current account balance CA to national
savings S and investment I:
CA = TE – TM – NFI = S – I = ΔNFA,
where TE =

(17)

∑( pwe · E ) and TM = ∑( pwm · M ).
i

i

i

i

i

i

The left-hand side of the identity states that a country’s current account balance
is equal to its trade balance (TE –TM) less net foreign incomes NFI. A country is
therefore running a current account surplus when the sum of its trade balance and
NFI is positive, in which case national savings exceed national investment and there
is an accumulation of net foreign assets NFA. Total savings in the economy is the
sum of all household savings and the government’s recurrent fiscal balance:
S=

∑( s

h

· Yh ) + FB.

(18)

h

Before discussing the adopted closure rules, we must first expand two previous
equations to include the foreign transfers received by households and the government (that is, the components of NPI ). We rewrite Equations 12 and 15 as:
Yh =

∑(δ

hf

(1 – tff )Wf · Vif ) + hwh

(12´)

if

R + rw =

∑(P · G ) + FB,
i

i

(15´)

i

where hw are foreign transfers received by households (for example, remittances)
and rw are incomes earned by the government (for example, foreign aid). If transfers
are negative, then they denote net foreign payments (such as interest paid on foreign
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debt). Given these new Equations 12´ and 15´, the value of NFI in Equation 17
can be defined as
NFI =

∑ hw + rw.
h

i

We cannot model hw and rw endogenously, because they are determined by
the workings of the global economy and our model is only for a single country.
These two variables (and hence NFI) are therefore exogenous in the model. The
current account balance CA may not be equal to NFI if there is a trade surplus or
deficit observed in the country’s data. When CA is greater (less) than NFI, the
country runs a trade surplus (deficit), and total exports are greater (less) than total
imports plus NFI. For the external account, the first closure rule is to treat the current account balance CA as an exogenous variable, thus controlling its effect on the
macroeconomic behavior of the model. For a given level of CA, the level of total
exports and imports can change, but they have to change simultaneously. For
example, CGE models are often used to simulate trade liberalization. Reducing
import tariffs affects relative prices for different commodities, which in turn affects
imports and exports at the sector and national levels. In this case, total imports usually increase at a given CA, which then affects relative prices and exports at the sector
level. At the national level, total exports have to increase in response to rising imports
to maintain CA.
The choice of current account closure influences how we select the second
closure rule, which is the identity on the right-hand side of Equation 17. By fixing
CA, we are also fixing the value of ΔNFA, which means that either total savings S
or total investment I (but not both) should be determined exogenously. We call
this choice the “savings–investment” closure, which is a term borrowed from macroeconomics. If the CGE model is savings driven, then I is automatically determined
by the level of total available savings (that is, I = S – ΔNFA). Consistent with
Equation 1, in which s is a fixed parameter, our model specification is savings
driven. Finally, our treatment of the government balance in Equation 15´ is in fact
the third closure rule in the model. We choose to make recurrent consumption spending G exogenous and allow the fiscal balance FB to adjust to changes in revenues R.
Through the introduction of the government, investment demand, and macroeconomic closures, we have included five new equations into the model (Equations
14–18) and five new endogenous variables (R, FB, N, I, and S).5 Together, the 18
equations and variables describe a static single-country model. Our current account
closure fixes the national trade balance. The government closure implies that changes in revenues alter the fiscal balance (and hence public investment). In our savingsdriven closure, total investment adjusts to match total savings. To determine the
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lasting consequences of changing investment levels, we have to introduce dynamics
into the model.
Recursive Dynamics

Most CGE models are essentially static in nature. As mentioned earlier, consumers’
demands are derived from a one-period utility function. Saving rates are not endogenously determined by an intertemporal utility function, and so they are not
used to smooth consumption over time. Investment and capital accumulation rates
are therefore not intertemporally determined either. Rather, the dynamics in our
CGE model is defined as a recursive process. Thus, we can completely separate the
model into within-period and between-period components.6 The equations presented above fully specify the within-period component, in which consumers and
producers maximize their utility and profits based on prevailing factor and product
prices (that is, without forward-looking expectations). Then, between periods,
certain exogenous variables in the static model are updated based on either externally
determined trends or previous period results. We describe these two kinds of updating
procedures in turn.
Various external trends are imposed on the model. Although not shown in
Equations 1–18, each variable in the model has a time subscript associated with it.
The two most important trends are changes in factor supplies (a proxy for population) and productivity, which are represented by VS in Equation 11 and Λ in
Equation 2. The first two dynamic equations update these exogenous variables:
V̄¯¯S̄¯f t + 1 = V̄¯¯S̄¯f t(1 + gvft ), where f ≠ k

(19)

Λit + 1 = Λit(1 + gpit )

(20)

Git + 1 = Git(1 + ggit ),

(21)

where t is the time subscript in the simulation period (for example, years), k is a
subset of f containing the capital factor, gv is the change in supply for factor f in
period t, gg is the rate of change in recurrent government spending, and gp is the
change in sector i’s production function’s shift parameter (that is, TFP) in period
t. Capital supply is excluded from Equation 19, because, as discussed below, it is
based on previous period results. Population growth enters the model via changes
in labor supply. However, with nonunitary income elasticities (that is, unequal
marginal and average budget shares), consumer demand in Equation 1 must be respecified in per capita terms. Equation 21 shows how government consumption
spending G is updated every period based on exogenous trends in is the rate of
change in recurrent government recurrent spending gg. All other parameters in the
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model are fixed values. These include, for example, tax or saving rates (ty, s, respectively), share parameters (β), and foreign transfers (FS, hw, and rw).
Between-period updating may also be based on results from the previous
period. Sectoral capital accumulation rates are endogenously determined in the
model based on investment levels from the previous period. The amount of new
capital is determined by dividing total investment I by the capital goods price. This
amount is added to existing capital stocks after adjusting for depreciation. Assuming
only a single type of capital that is mobile across sectors, as in the model specified
above, then the following equation captures the capital accumulation process:
It
VSkt + 1 = (1 – d )VSkt + ——,
where PKt =
PKt

∑P ε,
it i

(22)

i

where d is the national depreciation rate, PK is the capital goods price, and ε is the
value share for each good i in the total investment basket from Equation 16. Because
k is mobile, new capital is allocated endogenously to equilibrate capital returns
across sectors.
In reality, capital is not as mobile as other factors, such as labor, and so we make
it immobile across sectors after it has been invested. This assumption implies that
the returns on capital in each sector no longer have to be equal. We therefore attach
a sector-specific distortion term Z in front of the economy-wide factor return variable
W in Equations 3, 12, and 14. Equation 3 is now replaced by
Vif =

ρ
– ——i—
1 + ρi
Λi

PVi
1/
(1 + ρi ), for f = k,
· Xi αif · ————
Zif · Wf

(

)

(3´)

where Z is an adjustment factor (0 < Z < ∞) and is initially set equal to one. An
increase in capital demand in a sector causes Z to rise above one, and vice versa.
Similarly, we replace Equation 22 with a capital stock updating equation defined at
the sector level (that is, in terms of V instead of VS):7
It
Vikt + 1 = (1 – d )Vikt + SKikt · ——.
PKt

(22´)

The term SK in Equation 22´ is the new capital allocation parameter (0 < SK
< 1) and specifies how much investment is directed toward each sector. The sum of
the SK factors therefore equals one. We follow the approach of Dervis, de Melo, and
Robinson (1982) by defining SK as:
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)

SRikt – ARt
SKikt = SPikt + ω · SPikt —————
,
ARt
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(23)

where SP is the current sectoral share in aggregate profits, SR is the sectoral profit
rate (equal to ZifWf ), AR is the economywide average profit rate, and ω is an investment mobility parameter. In this simple specification, new capital is allocated in
proportion to each sector’s share in aggregate capital income, adjusted by the sector’s
profit rate relative to the average profit rate.8 Sectors with higher than average profit
rates receive a larger share of investible funds than their share in aggregate profits.
Note that the specification in Equation 23 allows us to drop the assumption of only
a single type of capital in the set F. This investment allocation procedure is known
as a “putty-clay” specification, because new capital is mobile, but once invested it
becomes sector specific. More detailed descriptions of the model parameters, variables, and equations can be found in Tables 2A.1 and 2A.2.
The above discussion presents our core CGE model. In summary, the CGE
model describes the interactions of various agents, such as households, producers,
and the government, in a market-based economy. We capture sectors’ technologies
via input coefficients, and we allow these to adapt to relative price movements by
allowing imperfect substitution in the production and trade functions. While capturing the structure and behavior of individual representative households, we maintain the macroconsistency of microlevel decisionmaking through our general
equilibrium framework. The next two sections summarize the model specification
in more accessible language and then describe how it is calibrated to empirical data.
However, we conclude this subsection by describing some features of the model that
were not shown in the above equations.
Regional Production and Marketing Costs

We extend the core CGE model described above in two areas.9 First, we introduce
marketing margins or transaction costs into the model, so that there is a wedge
between producer prices PP and market prices P. These transaction costs are imposed
on domestic, exported, and imported goods, and they generate demand for the
domestic trade and transport services sectors (see Lofgren, Harris, and Robinson
2001).
Second, we disaggregate production across subnational regions (that is, the
variables X, Z, PP, and V have regional subscripts). All regional producers have their
own production functions and technology coefficients, and they often use regionspecific factors, such as agricultural land and farm labor. All regional producers
supply their output to a national product market, which avoids having to model
interregional trade flows that are usually difficult to measure. Output from each
region is combined into a composite national good using a CES aggregation func-
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tion. Although a single national price exists for each commodity, producers may
incur region-specific transaction costs when supplying the national market. Producer
prices therefore vary across regions. We also disaggregate households by region,
although this is done by calibration rather than by the use of regional subscripts.
These two extensions to the core model allow us to reflect spatial heterogeneity
in geographic conditions and marketing constraints. These considerations are
important for developing countries, where markets are often underdeveloped, and
for agriculture, which depends on agroecological and climatic conditions.
Calibrating the Model to Country Data

One of the main advantages of CGE models over (more complex) theoretical models is their calibration to detailed empirical data. “Calibration” refers to the process
of assigning values to the model’s parameters and variables, typically using observed
country data. Some of the assumptions made when specifying the CGE model were
done to ease its calibration, because in many cases the data needed for more complex
functional forms are unavailable in developing countries. For example, the LES function used to determine consumer demand assumes that income elasticities remain
constant. More elaborate functions often drop this assumption, such as in the
“almost ideal demand system.” However, we retain the LES function, because it
requires data that can readily be obtained from household surveys (for example,
expenditure shares and income elasticities). Calibrating the behavior of more complicated functional forms often just involves making more assumptions where data
are unavailable. This section describes the data sources and estimation procedures
used to calibrate our CGE models.
Social Accounting Matrixes

The values of almost all variables and parameters in the CGE model are drawn from
a social accounting matrix (SAM).10 Constructing a SAM is therefore a fundamental
part of developing a CGE model. A SAM is an economywide representation of a
country’s economic structure. It captures all income and expenditure flows among
producers, consumers, the government, and the rest of the world during a particular
year. Table 2.1 presents the structure of a SAM that could be used to calibrate the core
model described above. The SAM contains a number of “accounts” representing different agents in the model, including sectors (producers) and households (consumers).
The rows and columns of the SAM represent incomes and payments, respectively,
from one account to another. As with double-entry accounting, the SAM is a consistent economywide database, because row and column totals must be equal. In other
words, a payment from one account always becomes an income for another. The SAM
therefore provides the base-year equilibrium state for the CGE model.

Gross output
(PP, X)

Import supply
(PM, M)a
Total supply
(P, Q)

Indirect tax
(tc, tm)a,d

Marketed supply
(PD, D)

Products

Factor payments

Income
distribution
(δ)c
Factor tax
(tf )d

Factors

Source: Authors.
a
Main data sources used are national accounts and regional production data.
b
Main data sources used are input–output tables and industrial surveys.
c
Main data sources used are household and labor force surveys.
d
Main data sources used are government budgets.
e
Main data sources used are balance of payments information.

Total

Rest of world

Savings

Government

Indirect tax
(te)a,d

Value-added
(V, W, Z)c

Factors

Households

Intermediate
demand
(io)b

Sectors

Products

Sectors

Account

Total household
spending

Income tax
(ty)c,d
Private savings
(s)c

Private
consumption
(C)c

Households

Table 2.1—General structure of a social accounting matrix

Recurrent
spending

Public savings
(FB)d

Public
consumption
(G)b,d

Government

Total investment
(I )

Investment
demand
(N, ε)b

Investment

Total foreign
receipts

Transfers
(rw)d,e
Foreign savings
(FS)e

Transfers
(hw)c,e

Export demand
(PE, E)a

Rest of world

Household
income
(Y )
Total revenues
(R)
Total savings
(S)
Total foreign
payments

Factor income

Total demand

Total
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A SAM is constructed in two stages. During the first stage, data from different
sources are entered into each of the SAM’s cells. As with the CGE model, the SAM
allows for multiple sectors and households. Thus, the sector, product, and household rows and columns actually contain many subaccounts. The three main data
sources for constructing a SAM are national accounts, input–output tables (or
supply–use tables), and nationally representative household budget surveys. As
shown in Table 2.1, national accounts provide information on the composition of
GDP at factor cost (that is, sectoral value-added) and by broad expenditure groups
at market prices (for example, C + I + G + E – M). The technical coefficients in the
input–output table are used to estimate intermediate demand based on sectors’
levels of GDP or gross output. It also disaggregates government and investment
demand across products. The household survey is used to segment labor markets
(that is, disaggregate labor income into different groups, such as by education). The
survey also defines households’ expenditure patterns and the distribution of factor
incomes to representative household groups. The survey data are therefore the main
determinant of differential income and distributional effects across household
groups in the CGE model.
Other databases are used to complete specific cells in the SAM. Government
budgets provide information on tax rates, revenues, and expenditures. Although
not shown in the table, government budgets (and household surveys) also determine the level and distribution of social transfers. Customs and revenue authorities
provide data on imports and exports and their associated tariffs and subsidies. The
balance of payments, usually compiled by a country’s central bank, is used to populate the external or “rest of world” account, including information on transfer
receipts and payments and the current account balance. Finally, sectors in our
SAMs are usually disaggregated across subnational regions using information on
regional production and technologies from agricultural and industrial surveys.
Trade margins, which are not shown in the table, are estimated using information
on producer and consumer prices. Trade margins may also be drawn from input–
output or supply–use tables.
There are inevitably inconsistencies between data from different sources, which
lead to unequal row and column totals in our SAMs. The second stage of constructing a SAM is therefore to balance these totals. This reconciliation of data from
disparate sources is similar to a rebasing of national accounts. We use cross-entropy
econometric techniques to estimate a balanced SAM (see Robinson, Cattaneo, and
El-Said 2001). This procedure is a Bayesian approach that uses a cross-entropy
distance measure to minimize the deviation in the balanced SAM from the unbalanced SAM containing the original data. Constraints are imposed during the
estimation procedure to reflect narrower confidence intervals around better-known
control totals (for example, total GDP). Table 2.1 shows which cell entries in the

A RECURSIVE DCGE MODEL

37

balanced SAM are used to calibrate the model’s variables and parameters. From this
table it is clear that the SAM and its underlying data sources provide almost all the
information needed to calibrate the CGE model. Only the behavioral elasticities
remain (β, ρ, θ, and ϕ).
Behavioral Elasticities and Other External Data

Behavioral elasticities are needed for the consumption, production, and trade functions. The LES demand function requires information on income elasticities and
the Frisch parameter (see Frisch 1959). We econometrically estimate income elasticities using the same household survey data on which the SAM is built, following the
approach described in King and Byerlee (1978). Marginal budget shares (β in
Equation 1) are derived by combining the estimated income elasticities with the
average budget shares drawn directly from the SAM.
Trade elasticities determine how responsive producers and consumers are to
changes in relative prices when deciding to supply goods to or purchase goods from
foreign markets. Higher elasticities are expected when substituting between more
homogenous products, such as maize and copper. Lower elasticities are expected for
more differentiated product categories, such as chemicals and machinery. In most
developing countries the data needed to econometrically estimate country-specific
elasticities do not exist—not, at least, in an appropriate form (see Arndt, Robinson,
and Tarp 2002). We therefore assign values to our two trade elasticities (θ and ϕ in
Equations 5 and 7) using global estimates from Dimaranan (2006).
The elasticities governing factor substitution in the production functions (ρ in
Equation 2) rarely exist for developing countries. In the absence of reliable countryspecific estimates, we assume elastic factor substitution for most activities (that is,
σ > 1: σ is a transformation of ρ). This assumption is consistent with recent metaanalyses of econometrically estimated elasticities (see, for example, Boys and Florax
2008) and cross-country econometric analysis (see Behar 2009).
Finally, the SAM provides information on values but not on quantities. We
therefore use external data sources to calibrate the model’s production output X and
factor quantities V. For example, crops’ land use and gross output are calibrated to
match agricultural data on harvested area (in hectares) and production quantities
(in metric tons). Observed labor employment numbers are also used to determine
sector-specific wages (Z in Equation 3´). In such cases, factor and product prices in
the model are not normalized to one, but rather reflect observed prices.
Baseline Dynamics

The model is calibrated to the base year reflected in the SAM. It is then run forward
over time to create a baseline growth path—normally a series of years. The baseline
scenario is therefore determined by annual growth in factor supplies and produc-
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tivity. The growth rates of factor supplies (apart from capital) and productivity are
calibrated to observed historical trends. For example, changes in labor supply are
usually based on population projections for rural and urban areas and on labor force
participation rates for workers with different education levels. Similarly, agricultural
land either expands alongside rural population or is calibrated to long-term trends
in total harvested land area from historical data. The annual growth capital stocks
are targeted so that they grow at a relatively smooth rate in relation to GDP. This is
done either by assigning base-year capital–output ratios or by adjusting the price of
capital PK.
After a suitable baseline scenario has been calibrated, it is possible to conduct
counterfactual simulations. Alternative growth paths are evaluated by changing
exogenous variables in the model from baseline levels. The model is re-solved, and
deviations from the baseline are attributed to the simulated change in policies or
external factors. The model is therefore an ideal tool for ex ante evaluation of development options in countries where historical evidence is lacking and ex post analysis
is impossible. Even though the model’s general equilibrium specification is based on
economic theory, its detailed calibration to observed data provides a quasi-empirical
laboratory for conducting complex experiments within a consistent modeling
framework.
Linking to Poverty and Nutrition Modules

The household survey provides detailed information on the income and expenditure
flows of individual respondents. Some of this information is lost when it is aggregated into representative households in the CGE model. To retain as much information as possible, we link each representative household in the model to its corresponding household in the survey. Changes in household consumption quantities
in the model are passed down to the survey and used to update the consumption
levels of corresponding respondents:
Ciht
HHisth = HHisth – 1 · ———,
where g:s → h,
Ciht – 1

(24)

where s is the survey’s detailed household, C is the quantity of aggregate commodity
i consumed by representative household h in the model (see Equation 1), and HH
is the quantity of detailed commodity i consumed by household s in the survey.
g represents the mapping relationship between survey's detailed households and the
more aggregate households in the CGE model (a many-to-one mapping). Equation
24 shows how annual consumption changes in the model cause proportional changes
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for corresponding survey households. We therefore assume that all survey households in a group experience the same proportional change in consumption. However,
the different consumption patterns of survey households mean that changes in total
consumption levels will vary across households in each group:
HTs = ∑i(HHis · psis ),

(25)

where HT is total consumption of the survey household s and ps is the price of commodity i paid by household s. We fix ps at base-year levels (or normalize it to one if
price and quantity data are not identified separately in the survey), so that HT
reflects real consumption changes. We compare HT to base-year poverty lines to
determine whether a survey household is classified as poor or nonpoor in each time
period and simulation. From this we can calculate standard poverty measures.11 Our
poverty module is top-down: we do not impose consistency in absolute consumption changes between the CGE model and the microsimulation module. It is also
expenditure based, because consumption changes rather than factor income changes
are passed down to the survey.12
A similar top-down approach is used to estimate changes in households’ nutritional status. Consumption quantity data from the household survey is combined
with calorie tables to calculate initial caloric availability. As with Equations 24 and
25, model results on changes in food consumption quantities are then applied to
the survey data to estimate changes in total household caloric availability adjusted
by adult equivalence scales (see UNU, WHO, and FAO 2004). This measure is
compared to a “malnutrition line” to determine changes in calorie-deficiency rates
for each time period and simulation. The nutrition module retains the detailed
information in the household survey and accounts for size and demographic structure when determining the minimum number of calories required by each
household.
Summary of the Model

As discussed in this chapter, an important factor determining the contribution of
sectors to economywide growth is their linkages to the rest of the economy. For
example, agriculture’s proponents argue that agriculture has strong growth linkages.
Both consumption (forward) and production (backward) linkages are captured in
our CGE model, whose nested CES production functions allow producers to generate demand for both factors and intermediates when maximizing profits. To reflect
the heterogeneity of producers, our models are calibrated to detailed SAMs that
distinguish among multiple sectors, regions, and products. Products are traded
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within national markets (that is, the model does not capture trade flows among
subnational regions). The CGE model identifies multiple types of factors, including
capital, labor, and cropland. Land and labor are usually disaggregated across skill
groups and subnational regions. Both land and labor can be reallocated or migrate
across sectors in response to endogenously determined factor demands. In contrast,
capital is immobile and earns sector- or region-specific returns. This detailed specification of production and factor markets in our model allows us to capture the
changing scale and technology of production across sectors and subnational regions,
and therefore can demonstrate how changes in the structure of growth will influence
a country’s distribution of incomes and household poverty.
The contribution of different sectors to economic growth is influenced by
international trade. For example, some development specialists are skeptical about
agriculture’s role in development. They suggest that import competition has undermined agriculture’s growth linkages and that the availability of food imports reduces
the need for investment in domestic agriculture. Furthermore, in agriculture, there
are greater market opportunities for export crops than for food staples. Our CGE
model captures both import competition and export opportunities by allowing
producers and consumers to shift between domestic and foreign markets, depending
on changes in the relative prices of imports, exports, and domestic goods. More
specifically, the decision by producers to supply domestic or foreign markets is
governed by CET functions, whereas the decision to purchase domestically produced or imported products is determined by CES functions. In this way the CGE
model captures how import competition and the changing export opportunities of
different sectors can strengthen or weaken the linkage between their economic
growth and the resultant poverty reduction.
The relative importance of sectors in improving household livelihoods may vary
considerably. Income and expenditure patterns differ across households, especially
across subnational regions and rural and urban areas. These differences are important for distributional change, because the incomes generated by different sectors
will accrue to different households, depending on their location and factor endowments. To capture this process, the CGE model distinguishes among various representative households, each of which is an aggregation of a group of households in
nationally representative household surveys. Households in the model earn incomes
through the employment of their factors of production; they then pay taxes, save,
and make transfers to other households. Each household uses its remaining income
to consume commodities under an LES demand system. To retain as much information on households’ income and expenditure patterns as possible, the CGE model
is linked to a microsimulation module based on a national household survey.
Changes in commodity consumption for each aggregate household group in the
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CGE model are used to adjust the commodity-level expenditures of corresponding
households in the survey. Real consumption levels are then recalculated in the survey, and standard poverty measures are re-estimated using the revised consumption
measure.
The CGE model makes several assumptions about how the overall economy
maintains macroeconomic balance. These closure rules concern the current account,
the government’s fiscal balance, and the savings or investment account. We essentially assume that a real exchange rate adjusts to maintain a fixed current account
balance. Thus, our model countries cannot increase foreign borrowing but have to
generate export earnings to finance imports. Although this assumption realistically
limits the degree of import competition in the domestic market, it also underlines
the importance of export-oriented sectors, such as high-value agriculture. For the
government account, tax rates and consumption expenditures are determined exogenously, leaving the fiscal balance to adjust to ensure that public revenue equals
spending. Finally, we assume that total investment adjusts to changes in national
savings under a closure rule for savings-driven investment. These final two closures
allow the model to capture the negative crowding-out effects of falling government
revenues when the structure of growth shifts toward lower tax-paying sectors, such
as traditional agriculture.
The CGE model is recursive dynamic, which means that certain parameters are
updated between periods based on historical trends or results from the previous
period. Our models are generally run for 10–15 years, with each equilibrium period
representing a single year. During this time the model captures exogenous demographic and technological changes. Changes in the population, labor supply, human
capital, and TFP are drawn from historical trends. Capital accumulation is determined endogenously, with previous-period investment generating new capital stock.
Although the allocation of new capital is influenced by sectors’ or regions’ current
shares of gross operating surplus, the final allocation depends on depreciation and
relative profitability. Sectors generating above-average returns in the previous period
will receive a larger share of new capital in the current period.
In summary, the CGE model incorporates distributional change by (1) disaggregating growth across sectors and subnational regions, (2) capturing employment effects through factor markets and price effects through product markets, and
(3) translating these two effects onto each household in the survey according to the
household’s unique factor endowment and income and expenditure patterns. The
structure of the growth–poverty relationship is therefore defined explicitly ex ante
based on observed country-specific structures and behavior. This definition allows
for the model to capture and contrast the distributional outcomes associated with
economic growth in different sectors.
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Limitations of the Model
Data Constraints

Even though CGE models address some of the limitations of other ex ante modeling
approaches, they are not without their own limitations. To begin with, they are very
data intensive, which is perhaps the most common criticism lodged against CGE
models. To calibrate the model, it is necessary to construct a SAM, which draws
together information from a wide range of data sources. Often these data are inconsistent and are imprecisely measured. This problem is obviously a constraint for
most methodologies. However, the process of reconciling a SAM inevitably causes
damage to all data sources. Without knowing the relative merits of each source, it
is impossible to determine whether important information is lost in the SAM estimation process. Because most parameter values for CGE models are drawn from
SAMs and economic structure is a key determinant of simulation results, lowquality data and poor SAM estimation procedures can greatly undermine the
empirical strength of CGE analysis.
Data concerns are almost impossible to fully address, because errors exist in
every economic instrument or measure. Moreover, data on developing countries are
often of lower quality than elsewhere, which further complicates attempts to accurately calibrate CGE models. Even though these concerns are far from solved,
Africa’s data problem is becoming less severe with time. Data availability has
improved considerably, primarily because of more frequent and better designed and
implemented household surveys. Household surveys have also helped to strengthen
national accounting procedures. Moreover, methods to reconcile data sources and
estimate SAMs have improved, thanks in large part to cross-entropy techniques (see
Robinson, Cattaneo, and El-Said 2001) and to more standardized approaches.
Unfortunately, there has been less progress in estimating the behavioral elasticities of CGE models. One positive trend is that income elasticities can now be more
readily estimated from household surveys. However, these elasticities are less crucial
for determining model results (see Sadoulet and De Janvry 1995). A more important constraint is the lack of country-specific trade elasticities. Most studies are
forced to use cross-country estimates from the literature or estimates from other
countries (hopefully from countries with similar initial conditions). We are forced
to adopt this approach, primarily because long time-series trade data (needed to
estimate elasticities) do not exist for most African countries.
Closure Rules

Ensuring macroconsistency in CGE models requires assumptions or closure rules
that can influence the functioning and results of a model. Many researchers argue
that the importance of closures in determining simulation results implies that CGE
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models are too sensitive to be used for economic analysis, especially for making
policy prescriptions. However, this concern is often overstated. Macroclosures are
usually chosen based on knowledge of a particular country’s macroeconomy. For
example, a flexible real exchange rate is appropriate in most eastern and southern
African countries, where exchanges are allowed to float. In contrast, a fixed exchange
rate closure rule might be more appropriate for those west African countries that
share a common currency. The choice of macroclosure may therefore prove to be a
feature rather than a constraint of CGE models. In other words, it is part of the
simulation design. For this reason, it is essential that closure rules be made explicit,
as we have done in this chapter.
CGE models capture factor markets and resource constraints. However, these
factor markets also have closure rules; that is, we have to select variables to equate
factor demand and supply. By default, we assume that land and labor are fully
employed and that wages adjust to clear markets (see Fields 2009). This decision
was motivated by rural labor shortages during planting and harvesting periods and
by shortages of higher skilled labor in most African countries. However, un- and
underemployed labor may exist in some developing countries. Allowing for slack
resources would increase growth outcomes in the CGE model. By adopting a fullemployment closure rule, we are also assuming that labor markets are functioning
and that wages do indeed adjust to equate demand and supply. The existence of
slack labor introduces rigidity into wage movements, because surplus labor competes and prevents wages from rising in response to increased labor demand. In the
case of Africa, the choice of labor market closure depends on whether the model
needs to capture labor shortages during the cropping season or slack labor available
to the nonfarm economy. In our case, rather than assume slack labor, we model
economic growth though increases in TFP. We also introduce rigidities into factor
markets by segmenting labor markets by skill, land by region, and capital by sector.
We also introduce intersectoral wage differentials.
Coverage and Detail

Single-country CGE models usually make the small-country assumption that world
prices are fixed. In contrast, global CGE and multimarket models explicitly model
production in other countries as well as the trade flows among them (see Hertel 1997;
Rosegrant et al. 2008). World prices are therefore endogenous in these models.
Assuming fixed world prices is problematic when modeling large developing countries whose production decisions may have global implications. In our African
context, the small-country assumption is less problematic, because African countries
typically play only minor roles in the global economy. A hybrid approach is possible,
in which global and country-level models are linked top down. Changes in world
prices and export demand from the global model are imposed on country-level
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models (see Arndt and Thurlow 2010). This approach retains coverage of global
models, as well as the more detailed structure of country models. However, this is
unnecessary for our purposes, given our focus on domestic sources of growth and
poverty reduction.
Country CGE models capture detailed macro- and microlevel aspects of the
economy. However, this approach typically requires adopting simpler specifications
than those required by more specialized models. For example, farm models often
reflect the fact that households’ production and consumption decisions are nonseparable, whereas our CGE model assumes separability (see Lofgren and Robinson
1999). Similarly, commodities in multimarket models are usually more disaggregated, because they do not require information on microlevel production technologies. Our CGE model sacrifices such detail to capture general equilibrium effects.
In summary, all models suffer limitations. Ultimately the choice of which
model to use depends on the issues or questions being addressed. In this chapter we
have developed a CGE model that can appropriately be used to examine the growth
and poverty implications of alternative sectoral growth strategies in low-income
African countries. The same core CGE model is used in each case study chapter in
this volume. Each chapter describes the country-specific data used to calibrate the
core model. Thus, any differences in outcomes across case studies are primarily due
to differences in each country’s unique economic structure and growth prospects.
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Appendix

Table 2A.1—Full dynamic computable general equilibrium model variables and parameters
Index subscripts
i or j Sectors and products; J is the sectoral and commodity set
f
Factors; F is the factor’s set
h
Households; H is the household's set

r
t

Subnational regions
Time periods

Endogenous variables
AR
Average economywide capital rental rate
C
Household consumption quantity
CPI Consumer price index*
D
Domestic production supplied to local market
E
Export quantity
ER
Nominal exchange rate
FB
Recurrent fiscal balance
FS
Foreign savings (capital inflows)*
G
Government consumption quantity*
I
Total investment spending
L
Transaction cost demand quantity
M
Import quantity
N
Investment demand for sectoral goods
P
Market price
PD
Domestic price (with transaction costs)
PE
Export price
PK
Capital price

PM
PP
PS
PT
PV
Q
R
SK
SP
SR
T
V
—
VS
X
Y
Z

Import price
Producer price
Supply price (without transaction costs)
Total domestic supply price (all regions)
Value-added price
Composite commodity supply (with imports)
Government tax revenues
Sectoral allocation of new capital
Sectoral profit share
Sectoral return on capital
Total domestic supply quantity (all regions)
Factor demand
Total factor supply*
Gross output (by region)
Total household income
Wage distortion term

Γ
Λ
Φ
Ω
α
β
γ
δ
ε
θ
κ
μ
ν
ρ
τ
φ
ψ
ω

Export function shift parameter
Production function shift parameter
Region aggregation function shift parameter
Import function shift parameter
Production function share parameter
Household marginal budget share
Non-income-related consumption quantity
Factor income distribution shares
Investment demand value shares
Import substitution elasticity transformation
Consumer price index weights
Import function share parameter
Region substitution elasticity transformation
Factor substitution elasticity transformation
Export function share parameter
Export substitution elasticity transformation
Region aggregation function share parameter
New investment mobility parameter

Exogenous variables
cd
Marketing margin on domestic products
ce
Marketing margin on exports
cm
Marketing margin on imports
d
Economywide capital depreciation rate
gg
Government consumption growth rate
gp
Total factor productivity growth rate
gv
Total factor supply growth rate
hw
Household foreign transfer receipts
io
Input coefficient matrix
pwe World export price
pwm World import price
rw
Government foreign transfer receipts
s
Marginal savings rates
tc
Commodity sales tax rate
te
Export tax rate
tf
Factor tax rate (for example, corporate tax)
tm
Import tariff rate
ty
Direct income tax rate
Source: Authors.
*Denotes fixed by closure.

46

XINSHEN DIAO AND JAMES THURLOW

Table 2A.2—Full dynamic computable general equilibrium model equations
PMit = ERt (1 + tmi )pwmi + ∑j Pjtcmji

A1

PEit = ERt (1 – tei)pwei + ∑j Pjtceji

A2

(1 – tci)PitQit = PDit Dit + PMit Mit

A3

PDit = PSit + ∑ j Pjtcdji

A4

PTitTit = PSit Dit + PEit Eit

A5

PPirt = PVirt + ∑j Pjtiojir

A6

Xirt = Λirt
ρi
– ———
1 + ρir

Virft = Λirt

irf

f

–ρir
irft

ir

A7

PVirt 1/ (1 + ρir )
Xirt aif ————
ZirftWft

Tit = Φit
Xirt =

(∑ a V )

–1/ ρ

(

)

(∑ Ψ X )
if

r

νi
– ———
1 + νi
Φit
Tit

–νi
irt

–1/ ν

PTit

A9

i

/
(Ψ ———
PP )
if

A8

1 (1 + ν )

A10

i

irt

ϕ 1/ ϕi

ϕ

Tit = Γi [τi Dit i + (1 + τi)E it i ]

A11

Dit
τi
PDit 1/ (ϕi – 1)
——
= ———
⋅ ———
Eit
1 – τi
PEit

(

)

Qit = Ωi [ μi Dit–θi + (1 + μi )Mit–θi ]

–1/ ϕ

A12
A13

i

Dit
μi
PMit 1/ (1 + ϕi )
——
= ———
⋅ ———
Mit
1 – μi PDit

A14

Lit = ∑j (cdji Djt + ceji Ejt + cmji Mjt )

A15

Yht = ∑ δhf (1 – tff )ZirftWftVirft + hwhERt

A16

(

)

irf

[

]

Chi = βhi (1 – sh – tyh)Yht – ∑j Pjt γhj Pit–1 + γhi

A17

Rt = ∑ (tci PitQit + tmi pwmi Mit + tei pwei Eit ) + ∑ tyhYht + ∑ tff ZirftWftVirft

A18

Rt + ERt rw = ∑ PitGit + FBt

A19

i

h

irf

i

(continued)
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Table 2A.2—Continued
It = ∑ shYht
h

+ FBt + ERt FS

A20

It εi = Pit Nit

A21

—
∑ Virft = VS
ft

A22

Qit = ∑ Ciht + Nit + Git +∑ j ioji Xit + Lit

A23

—
FS + ∑ hwh + rw = ∑ pwmi Mit – ∑ pwei Eit

A24

CPI = ∑ Pit xi

A25

—
—
VSft +1 = VSft(1 + gvft), where f ≠ k

A26

Λit + 1 = Λit(1 + gpit)

A27

Git + 1 = Git(1 + ggit)

A28

It
Virkt + 1 = (1 – d)Virkt + SKirkt ——
, where PKt = ∑ Pit εi
PKt
i

A29

ir

h

h

i

i

i

(

)

SRirkt – ARt
SKirkt = SPirkt + ωSPirkt ——————
ARt

A30

SPirkt = ZirktWktVirkt + (∑jr′k′ Zjr′k′t Wk′tVjr′k′t)–1,

A31

where r′ and r are exchangeable, and k′ and k are exchangeable
ARt =

(∑Z
irk

irkt

WktVirkt

)(∑V )

–1

irk

irkt

ZirktWkt
SRirkt = ————
ARt

A32

A33

Source: authors.
Note: A bar over a variable indicates that its value is either fixed or exogenously adjusted over time.

Notes
1. For a review of different methods, see Sadoulet and De Janvry (1995) and Francois and
Reinert (1997).
2. See Diao, Yeldan, and Roe (1998) for a discussion of Ramsey-style intertemporal utility
functions and their role in determining consumers’ consumption and saving behavior.
3. Given the existence of by-products (that is, multiple goods from a single sector) and the fact
that the same good can be produced in different sectors, our model actually distinguishes between
sectors (activities) and goods (commodities). However, in this chapter we simplify the exposition by
using the two interchangeably.
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4. In reality, part of factor incomes (for example, the return to capital) can be owned by the
government or foreign institutions. Although this situation is allowed in the model that we actually
implement in each case study, at this stage we ignore nonhousehold factor ownership to simplify the
discussion.
5. Note that our third closure rule made G exogenous in Equation 15.
6. Lofgren, Harris, and Robinson (2001) developed an earlier version of the static component
of our CGE model.
7. For mobile factors, Z and VS remain constant, and W and V adjust to clear factor markets.
For sector-specific factors, such as capital, W and V are fixed, and Z and VS are the adjustment
variables.
8. The equations defining SP, SR, and AR are shown in Table 2A.2 in the appendix to this
chapter (Equations A31–A33).
9. The full specification of the model is provided in Table 2A.2 in the appendix to this
chapter.
10. For detailed discussions of SAMs see, for example, Pyatt and Round (1985) and Reinert
and Roland-Holst (1997).
11. Three poverty measures are commonly used in the literature and are also used in this book.
The poverty headcount ratio (or “poverty rate” or “incidence” of poverty) is the proportion of the
population with per capita consumption below the poverty line. The poverty gap (or “depth” of
poverty) is the extent, measured as a proportion of the poverty line, to which a given group of
poor people’s consumption level falls below the poverty line. The squared poverty gap (or “severity”
of poverty) is the average of the squared values of the poverty gaps for different groups of poor people
(see Foster, Greer, and Thorbecke, 1984, for details).
12. For income-based microsimulation modules with occupational choice, see Cogneau,
Grimm, and Robilliard (2003) and Cogneau and Robilliard (2007).
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Chapter 3

Estimating Public Agricultural
Expenditure Requirements
Samuel Benin, Shenggen Fan, and Michael Johnson

T

his chapter outlines an approach to estimating the public agricultural financial
resources needed to bring about a certain rate of agricultural growth. Studies
that estimate the public financial resources required to achieve specific
development objectives have focused on costing the Millennium Development
Goals (MDGs). Public agricultural financial resources needed to achieve specific
agricultural development objectives or broader targets are dealt with indirectly
in a few studies only. The most common approach for estimating required public resources is the unit-cost method (UNDP 2003; Kenya, MPND 2005; Fan
and Rosegrant 2008), where the amount of input (for example, x tons of fertilizer or number of extension agents) required to achieve a specific objective (for
example, y percent of crop area under fertilizer or extension–farmer ratio) is first
calculated. Then the amount of public financial resources required to achieve
the objective is estimated by multiplying the total amount of input required by
the unit cost of the input. In principle, the unit cost of the input should include
any related operational, administrative, or overhead cost required to manage and
deliver the input. The resulting estimate can be projected into the future depending on the desired outcome and the expected unit cost of the relevant inputs
needed to achieve the outcome. The main drawback with using the unit-cost
approach is the lack of a consistent analytical basis. There is no one-to-one relationship between expenditures (or inputs) and outcomes (for example, agricultural growth or poverty), and so estimating the unit cost of achieving a particular
outcome (for example, y percent agricultural growth rate or poverty rate) is
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illusive. Realization of outcomes depends on several other factors, some of which
may enhance or reduce the effects of the expenditures.
From the policy perspective of using public spending for stimulating growth
and reducing poverty, methods based on expenditure–growth, expenditure–poverty,
and growth–poverty elasticities are conceptually sound.1 Again, existing studies that
have used this type of approach have focused on costing of the MDGs (for example,
Kakwani and Son 2006; Fan and Rosegrant 2008). Comparison of the results from
the different studies reveals a large divergence in the estimated resources required to
achieve the MDGs,2 which highlights the inconsistencies across the methods and
analytical approaches used, including underlying assumptions of initial conditions
and patterns of growth as well as data on elasticities and other related parameters.
The studies, nevertheless, raise some important issues that we consider in
developing the approach presented in this study. An important issue is potential
crowding out of private investment by public spending. This issue derives from the
relative efficiency of public versus private investments, especially where public and
private spending is considered a zero-sum game, in the sense that government
spending is financed by taxation of private investment. Kakwani and Son (2006),
for example, argue that when productivity of private investment is greater than
that of public investment, as shown is some studies (for example, Ashipala and
Haimbodi 2003), crowding-out effects of public investment result in a loss of
growth, and, therefore, a greater amount of public resources will be required
to achieve a specific growth objective. In contrast, crowding-out effects of public
investment on private investment can lead to greater growth if public investment is
more productive than private investment.
It is also important to consider the relative effects of different types of public
investment in a particular sector, because public investment is not growth neutral
among subsectors. The work by Fan and others (for example, Fan 2008; Mogues,
Ayele, and Paulos 2008) shows that different types of public investment, both across
and within sectors, affect growth and poverty differently through different pathways and at different levels (Benin et al. 2008a). Another key factor to consider in
the estimation is the initial conditions of development and patterns of growth
(Kakwani and Son 2006). We first conceptualize the changes in public spending as
a source of agricultural growth and then develop a simple method to estimate the
amount of total agricultural expenditure required to achieve certain agricultural
growth rates simulated in the dynamic computable general equilibrium (DCGE)
model. Because public spending on the nonagricultural sector also contributes to
agricultural growth, both directly and indirectly through interactions with public
agricultural expenditure (PAE), changes in public spending on the nonagricultural
sector are considered in the estimation.
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Sources of Agricultural Growth and the
Contribution of Public Spending

Let aggregate agricultural output Qt in time t be represented by the following simplified production function:
Qt = ηi f (Ft ),

(1)

where Ft is the vector of factors used in the production process. There are two sources
of agricultural growth: the first derives from accumulation of the factors of production and their productivity; the second, which is measured by η, derives from
changes in total agricultural output that cannot be explained by changes in the factors of production and their productivities. This second part is referred to as total
factor productivity (TFP) or what is commonly known as the Solow residual (see
Romer 2000). To explain these two sources of growth further, consider a Cobb–
Douglas production function of the following form:
Qt = ηi

∏F

αi

i,t

,

(2)

i

where Fi denotes the ith factor, such as land, labor, capital; and αi measures the
productivity of the ith factor.3 Differentiating Qt with respect to t gives the change
in agricultural output Q̇t :4
∂Qt
Q̇t = ——
η̇ +
∂ηt t

∂Qt

F˙ .
∑ ——
∂F
it

i

(3)

it

Using the results ∂Q/∂η = Q/η and ∂Q/∂Fi = αiQ/Fi (obtained from the production
function) in Equation 3 and then dividing through the resulting expression by Qt ,
we obtain the following expression for the agricultural growth rate:
Q̇
η̇
——t = —t +
ηt
Qt

∑
i

F˙it
αi —,
Fit

(4)

where the first term on the right-hand side measures the source of agricultural
growth deriving from growth in TFP; the other terms together measure the source
of growth deriving from accumulation of the factors of production and their respective productivities αi . To determine the sources of agricultural growth deriving from
growth in public spending, we need to first understand what determines growth in
TFP (η̇t ) and factor accumulation (Ḟt ).
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Determinants of TFP Growth

The literature suggests that TFP η is a function of public investment in agricultural
research, human capital, infrastructure, and institutional development, as well as
other variables (such as climate and organization of the production process) that do
not directly relate to the factors of production or the productivity of the factors (see,
for example, Hayami 2001). Dropping the time factor t to simplify the notation,
we can write this relationship as:
η = g η (Eag ,Enag ,Xη),

(5)

where Eag and Enag represent public spending (or fiscal policy in general) on the
agricultural and nonagricultural sectors of the economy, respectively, and Xη represents the vector of other variables. Considering the interaction effects among different types of public spending, growth in TFP is given by:5
∂η
∂η
∂η
η̇ = —— Ėag + —— Ėnag + Φηag,nag (Enag Ėag + Eag Ėnag ) + —— Ẋ η,
∂Eag
∂Enag
∂Xη

(6)

∂η
where Φηag,nag = ———— measures the interaction effect of public spending on the
∂(EagEnag )
agricultural and nonagricultural sectors on TFP. This approach can be extended to
capture the interaction effects among different types of public spending across sectors and subsectors of the economy. A common interaction effect between public
spending on the agricultural and nonagricultural sectors, for example, is the complementarity of investment in agricultural research and modern technology development and investment in educating farmers, because educated farmers are better
positioned to adopt and use improved technologies more efficiently and effectively,
leading to additional increase in agricultural productivity. The notion behind this
interaction is that modern technologies tend to be highly complex, knowledge
intensive, and location specific, and so they require knowledge and skills for successful adoption.
Determinants of Factor Accumulation

The factor demands, by which the crowding-out effects of public on private spending are accounted for, are equilibrium conditions determined by market variables,
such as input and output prices and factor prices (for example, land rent, wages, and
interest rates). They also depend on nonmarket variables, such as initial conditions
or endowments of the factors themselves (for example, total population or total
arable land). The input, output, and factor markets are influenced by government
fiscal policies primarily through taxes and subsidies or activities that compete
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directly with the private sector in the provision of private goods and services.
Government spending on infrastructure (for example, roads, marketing facilities, or
market information) also influences factor markets by affecting transaction costs
and price formation. Factor demands also depend on other macroeconomic variables (such as inflation and foreign exchange rates) that are in turn influenced by
government fiscal and monetary (or macroeconomic) policy.
To conceptualize these relationships mathematically, let the market and nonmarket variables discussed above be represented by the vectors P and XF , respectively. We can represent the process by which public spending affects private
investments via factor markets with the following two simplified relationships:
F = g F (P,XF )

(7)

P = g P (Eag ,Enag ,XP ),

(8)

where XP is the vector of nonspending variables that affects the market variables
(that is, input, output, and factor prices).6 Similar to Equation 6, factor accumulation is given by:7
∂F ∂P
∂P
∂P
∂F
P
Ḟi = ——i —— Ėag + ——
— Ėnag + Φag,nag
(Enag Ėag + Eag Ėnag ) + —— ẊP + ——i ẊF .
∂Enag
∂XP
∂XF i
∂P ∂Eag

[

]

i

(9)
The term in the brackets is Ṗ and is derived from Equation 8.
Sources of Agricultural Growth

Using Equations 6 and 9 in Equation 4, we can now write the agricultural growth
rate (θag = Q̇ /Q ) to show the sources of agricultural growth deriving from public
spending as:
1 ∂η
∂η
∂η
θag = — —— Ėag + ——
— Ė + Φηag,nag (Enag Ėag + Eag Ėnag ) + —— Ẋη +
∂Enag nag
∂Xη
η ∂Eag

[

]

αi ∂Fi

∑—F —∂P—
i

αi ∂Fi

∂P
∂P
∂P
P
—— Ėag + ——
— Ėnag + Φag,nag
(Enag Ėag + Eag Ėnag ) + —— ẊP +
∂Eag
∂Enag
∂XP

[

]

— Ẋ
∑—F —
∂X
i

Fi

Fi .

(10)
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With the exception of the production function, which we assume to be of the
Cobb–Douglas type, we have not specified the functional forms of the other relationships. Thus, for the generalized functional form of y = f (x), the derived expression ∂y / ∂x means the marginal effect of x on y. With the Cobb–Douglas form,
∂y / ∂x also measures the elasticity of y with respect to x, which is a dimensionless
variant of slope and is measured as the percentage change in y caused by a 1 percent
change in x. To use the concept of elasticity, to be consistent with any functional form,
define ∂y = Δy /y such that the elasticity of y with respect to x is given by εxy ≡ ∂y / ∂x
= (Δy /y)/ (Δx /x) = (x /y)(dy /dx), where d is a total differentiation operator. Using
this definition in Equation 10 and then rearranging the terms gives:
εEη
ag
θag = ——
+
η

(

∑
i

η
Φag,nag
——— +
η

(

αi εEi
εEη
ag
nag
———
Ėag + ——
—+
Fi
η

∑
i

F

) (

∑
i

F

)

αi εEi
nag
———
Ėnag +
Fi

Fi
αiΦag,nag
εXη
η
———— (Enag Ėag + Eag Ėnag ) + ——
Ẋ +
Fi
η η

)

αi

(ε
∑—
F
i

i

Fi
Fi
XP ẊP + εXF ẊFi

),

(11)
∂Fi
∂P
Fi
= ——
———— measures the interaction effect of public spending
where Φag,nag
∂P ∂(Eag Enag )
on the agricultural and nonagricultural sectors on Fi . Equation 11 shows that the
agricultural growth rate can be decomposed into five components based on the
direct, indirect, and interaction effects of change in different types of public spending. The first component captures the direct effects of change in public spending
on the agricultural sector on TFP growth and the indirect effects via private sector
investments (that is, input, output, and factor markets). The second component,
which is similar to the first one, captures the direct and indirect effects of change in
public spending on the nonagricultural sector. The third component captures the
effect of the interaction between change in spending on the two sectors, again
directly on TFP growth and then indirectly via private sector investments. The
fourth and fifth components capture the effect of change in nonexpenditure variables that affect TFP (for example, climate or organization of production) and
markets (for example, endowments). The significance of the fourth and fifth components depends on the extent to which the nonexpenditure variables change over
time, that is, ⎜Ẋ η⎜≥ 0, or ⎜ẊP ⎜≥ 0, or ⎜ẊF ⎜≥ 0. The effect of slowly changing varii
ables, such as endowment of arable land, is likely to be negligible in the short to
medium term, whereas the effect of rapidly changing variables, such as population,
can be expected to be substantial even in the short term.
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PAE Required to Achieve Specific Agricultural Growth Rates

From Equation 11, the annual average growth rate in total PAE Ėagθ̂ required to
achieve a target agricultural growth rate θ̂ag can be obtained from:
η

εXη
αi Fi
α F
F
Fi
1 εη + Φη E + —
θ̂ag – —
εE + Φag,nag
Ẋ η – —i εXi ẊP + εXi ẊF
Eag Ėnag – ——
Enag
ag,nag ag
i
P
F
nag
η
F
η
F
i
i
θ̂
i
i
E˙ag = ———————————————————————————————————— .
1
α Fi
η
Fi
— εEηag + Φag,nag
+ Φag,nag
Enag + —i εEag
Enag
η
F
(12)
i
i

(

(

)

)∑ (
(

)

)∑ (

∑ (

)

The expression shows that the growth rate in PAE required to achieve a specific
agricultural growth rate will depend on the efficiency of different types of public
spending (that is, the signs and magnitudes of the TFP and factor elasticities with
respect to public agricultural and nonagricultural expenditure). For example, other
things remaining unchanged, public spending that tends to create private sector
investment (that is, spending that has positive and larger values of εEFi and εEFi ) will
ag
nag
tend to reduce the required growth rate of PAE. In contrast, those that tend to crowd
out private sector investment (that is, spending that has smaller or negative values
of εEFi and εEFi ) will tend to inflate the required growth rate of PAE. As discussed
ag
nag
earlier, interaction effects among different types of spending (that is, the sign and
Fi
η
magnitude of Φag,nag
and Φag,nag
) also matter. For example, for a given level of growth
rate in public nonagricultural expenditure (PNE) and other variables, the required
growth rate in PAE to achieve a specific agricultural growth rate will be lower
(higher) if the interaction effect is positive (negative). This relation is intuitive and
is based on the notion of complementarity (or substitutability) among different
types of public spending. The stage of development—including the level of TFP
and factor use and their marginal productivities—is also important for the
calculations. For example, larger (smaller) values of factor productivity-to-factor
αi
ratios —
— will tend to reduce (raise) the required spending growth rate. Table 3.1
Fi
gives a detailed description and measures of the parameters needed to apply the
formula.
θ̂ , the annual average growth rate in
To obtain the required amount of PAE E ag
θ̂
˙
PAE E ag can be multiplied by the annual average amount of PAE in the base period
Eag and compounded over the number of years desired to obtain the total amount.
˘

Data Sources, Applications, and Limitations

It is clear that successful application of the estimation depends on the extent to
which reliable information on the different parameters is available. Obtaining infor-

)
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Table 3.1—Parameters in the expenditure–growth formula
θ̂ag

Annual average agricultural gross domestic product growth-rate target

Eag

Annual average amount of public agricultural expenditure in base period in constant prices

Enag

Annual average amount of public nonagricultural expenditure in base period in constant prices

η

Annual average agricultural TFP in base period

Fi

Annual average amount of factor i used in agricultural production in base period

αi

Marginal productivity of factor i

εηE
ag

Elasticity of TFP with respect to public agricultural expenditure

εηE

Elasticity of TFP with respect to public nonagricultural expenditure

F
εEi
ag

Elasticity of factor i with respect to public agricultural expenditure

F
εEi
nag

Elasticity of factor i with respect to public nonagricultural expenditure

εηXη

Elasticity of TFP with respect to nonspending variables affecting TFP

F
εXi
F

Elasticity of factor i with respect to nonspending variables affecting factor accumulation

F
εXi
P

Elasticity of factor i with respect to nonspending variables affecting input, output, and factor prices

η
Φag,
nag

Effect of the interaction between public agricultural and nonagricultural expenditure on TFP

Fi
Φag,
nag

Effect of the interaction between public agricultural and nonagricultural expenditure on factor i

E·ag

Annual average growth rate in public agricultural expenditure in base period

E·nag

Annual average growth rate public nonagricultural expenditure in base period

X· η

Annual average growth rate in nonspending variables affecting TFP in base period

X· F

Annual average growth rate in nonspending variables affecting factor accumulation in base period

X· P

Annual growth rate in nonspending variables affecting input, output, and factor prices in base period

nag

i

Source: Authors.
Note: TFP = total factor productivity.

mation on all the parameters for every country in Africa is practically impossible, as
the case studies on which the formula is applied will soon show. This difficulty is
primarily due to a lack of adequate spatially disaggregated time-series data on public
expenditures that are necessary for estimating the expenditure–growth elasticities in
particular, because the effects of public spending commonly materialize with a lag,
the length of which varies substantially by type of spending. Sophisticated econometric techniques are also needed. As a result, parameter estimates from a similar
country, the region, or the continent as a whole would have to be used in the cost
calculations for countries where information on a particular parameter is lacking.
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See Tables 3A.1–3A.7 in the appendix for estimates of the different parameters in
different countries and regions. The results from applying the formula are simulated
amounts of spending in the future, so it is important to consider how and the extent
to which the values of the parameters are likely to change over time, because the
values of the parameters would be estimates based on historical trends that are likely
to change in the future. These would also have to be determined based on expert
opinion or plausible assumptions. Thus, it will be more prudent to use the formula
to simulate a range of estimates instead of a point estimate. The lower end of the
range would correspond to an optimistic public spending scenario characterized by,
for example, high spending efficiency (larger values of εEη ), increased crowding-in
ag

effect of public on private investments (larger positive values of εEFi ), and compleag

Fi
η
and Φag,nag
). In contrast,
mentary interaction effects (larger positive values of Φag,nag

the upper end of the range would correspond to a less optimistic public spending
scenario characterized by low spending efficiency (smaller values of εEη ), crowdingag

out or reduced crowding-in effects (negative or smaller positive values of εEFi ), and subag

Fi
η
and Φag,nag
).
stitutive interaction effects (negative or smaller positive values of Φag,nag

Another way of obtaining the range of estimates is by simulating the growth
rate of the amount of resources required in a stepwise fashion by considering the
assumptions additively. For example, start with the assumption that the additional
agricultural gross domestic product (GDP) growth rate required to achieve the
target (that is, θ̂ag – θag , where θag is the growth in the base period) is derived from
additional growth in PAE only (that is, Ėnag = Ẋ η = ẊF = ẊP = 0). This assumption
i
reduces Equation 12 to the one shown in Equation 13, whose simulated results
reflect the upper bound on the resource requirements:
θ̂ag − θag
θ̂
E˙ag = ———————————————————.
αi Fi
1 εη + Φη E + —
i
—
εE + ΦFag,nag
Enag
Eag
ag,nag nag
ag
η
F
i
i

(

) ∑ (

)

(13)

Other assumptions can be relaxed one at a time to obtain the relevant stream of
lower estimates.
Although we have distinguished two sources of agricultural growth (factor
accumulation Fi and TFP η), several of the estimated elasticities with respect to
public spending in the literature do not make this distinction. They are estimated
in the aggregate, that is, εEQng , εEQnag , and ΦQag,nag , with the first two variables representing the elasticity of output Q (measured by the value of agricultural GDP, for
example) with respect to PAE and PNE, respectively. The third variable represents
the effect of the interaction between PAE and PNE on output. See Tables 3A.1,
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3A.2, and 3A.5 for measures of these variables. This aggregation simplifies the application of Equation 13 further and is, in fact, how the formula is usually applied in
the case studies (specifically, those for Ghana, Kenya, Malawi, Nigeria, Rwanda,
Uganda, and Zambia). Details of exactly how aggregation is done as well as the
parameters and sources of data used are discussed in the specific cases. We summarize
the key similarities and differences here, however. The analyses for Ghana, Malawi,
Nigeria, Uganda, and Zambia are most similar in terms of applying the formula as
it has been presented. It was applied using simple spreadsheet analysis. The main
differences are the sources of information on expenditure–growth elasticities. In the
cases of Ghana and Uganda, we draw on elasticities from previous work carried out
by others in the respective countries. In the case of Malawi, Nigeria, and Zambia,
we rely on parameters estimated at the pan-African level, also from previous work
done by others using cross-country regression techniques. Although the case study
on Kenya also uses parameter estimates from other studies, specifically those estimated for Uganda, the resource requirements are simulated by directly integrating
the formula in the DCGE model for Kenya through a set of nested linear equations.
The approach used in the case study on Rwanda is similar to the formula presented
here, although in addition it used data on expenditures of specific agricultural subsectors in the scenarios (as was done to some extent in the case study on Kenya).
In applying the formula, there are some simple assumptions to be borne in
mind. The main one is that the estimated elasticities are assumed to be valid outside
the range of the data used in estimating them. This assumption is used to infer
outcomes associated with large changes in required growth of PAE, which is due to
the large gap between the observed and target agricultural GDP growth rate in most
of the case studies. In reality, elasticities may change over time to reflect increasing
or decreasing returns to public spending. These dynamic effects are difficult to
implement in the formula adapted here, and so we assume that the values of the
parameters remain unchanged over the simulation period. Although this assumption may seem extreme and unrealistic in some cases, the results based on it have
useful implications for reforming fiscal policy and public spending to raise and
maintain high agricultural productivity.
Another important consideration of the results not dealt with is how the additional spending will be funded and implications of different financing arrangements
on the outcomes, with the exception of the Kenyan case study to some extent. One
possible source of financing for additional spending is from domestic sources
through increased taxation of or borrowing from the savings of the private sector.
Raising taxes can have negative total investment effects (that is, by crowding out
private investment) to the extent that public and private spending is a zero-sum
game. For example, in response to higher taxes, households may adjust their savings
downward to maintain their current consumption levels, leading to a reduction in
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savings that are available for both public and private investment. The reduction in
savings will tend to raise domestic interest rates, with further crowding out of private
sector investments. An increase in government borrowing from domestic banks
can also have similar effects on interest rates. In contrast, public spending financed
through external grants may tend to appreciate the real foreign exchange rate and
in turn reduce the competitiveness of the tradable sectors and economic growth (see
Thurlow and Wobst 2004). Many of the study countries already depend heavily on
external sources of funding, and so financing the additional spending primarily from
this source may not only be difficult but also not strategic. In the past, Ghana and
Uganda, for example, have financed about 35 percent of the government’s total
budget expenditure from both external loans and grants (Quartey 2005; Uganda,
MFPED 2008). Many of the governments expect this trend to continue, as articulated in the national agricultural investment plans of seven of the case-study countries in the post-compact CAADP process (Figure 3.1). Only in Nigeria and Kenya
is government financing expected to account for more than half of total budget
expenditure, at 51 and 66 percent, respectively. Indeed, in many countries the fundFigure 3.1—CAADP national agricultural investment plans: Funding sources
and gaps
Ethiopia, 2010–20
Ghana, 2011–15
Kenya, 2011–15
Malawi, 2011–14
Nigeria, 2011–14
Rwanda, 2010–12
Uganda, 2011–15
0

20

40
60
Share (percent)

Government
Government and development partners
Funding gap

80

100

Development partners
Private sector

Source: Authors’ aggregation based on Global Agriculture and Food Security Program documents
(GAFSP 2010) and Ethiopia’s Agriculture Sector Policy and Investment Framework (Ethiopia, MoARD
2010).
Note: CAADP = Comprehensive Africa Agriculture Development Programme.
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ing gap is quite large—at 50 percent or more for Ghana and Nigeria. Thus, prioritizing expenditures both across sectors and within sectors in the context of change or
reform in fiscal policy and public spending to raise agricultural productivity will be
critical.
Conclusions

As African governments work to increase agricultural spending, boost agricultural
growth, and reduce mass poverty, they face a dearth of information about the magnitudes and types of public investments needed most to achieve their development
objectives. This chapter outlined an approach for estimating the public agricultural
expenditures needed to bring about a certain rate of agricultural growth. This
approach improves on existing methods by distinguishing two sources of agricultural growth (factor accumulation and TFP) and considering the effects of (1) public
nonagricultural expenditure, (2) interactions among different types of public spending, and (3) the crowding out of private investment by public spending. Its application depends on the extent to which reliable information on the different parameters
is available, particularly elasticities of agricultural output with respect to different
types of public agricultural expenditure and investments, a fundamental scarce
knowledge. The approach is adapted in subsequent chapters to estimate public
agricultural expenditure requirements to achieve specific agricultural development
objectives.
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Appendix

Table 3A.1—Estimated elasticities of different types of public agricultural expenditure
on agricultural output and productivity
Indicator of public
agricultural spending

Dependent variable

Government spending on:
Agriculture
Research
Nonresearch
Research and development (R&D)

Agricultural output
Agricultural output
Agricultural output
Agricultural GDP per hectare

0.085
0.038
–0.070

0.442
0.363
0.344
0.197

Research and extension
Agriculture
Research

All countries
Sub-Saharan Africa
Asia
Latin America
Agricultural GDP per capita
All countries
Sub-Saharan Africa
Asia
Latin America
Agricultural output per capita
Agricultural output per capita
Agricultural GDP per capita

0.304
0.264
0.231
0.093
0.189
0.153
0.085

Irrigation
Research

Agricultural GDP per capita
Agricultural output per worker

0.101
0.464

Research

Total factor productivity

0.049–0.066

Research
Irrigation

Total factor productivity
Total factor productivity

0.255
0.036

Soil/water conservation
Irrigation

Total factor productivity
Total factor productivity

0.002a
0.003

Agricultural GDP

0.030

Nongovernment spending on:
Official development assistance

Elasticity

Source (country)
Fan, Yu, and Saurkar (2008)
(44 developing countries,
including 17 from Africa)
Thirtle, Lin, and Piesse (2003)
(48 developing countries,
including 22 from Africa)

Fan and Zhang (2008) (Uganda)
Benin et al. (2008b) (Ghana)
Fan, Zhang, and Zhang (2002)
(China)
Fan, Yu, and Jitsuchon (2008)
(Thailand)
Evenson, Pray, and Rosegrant
(1999) (India)
Fan, Hazell, and Thorat (2000)
(India)
Teurel and Kuroda (2005)
(Philippines)
Schuh and Norton (1991)
(98 developing countries)

Notes: Elasticity is the percentage change in dependent variable caused by a 1 percent change in the value of the indicator
of public spending. Where a range of values is given, it represents the low- and high-end estimates associated with different
estimators used in the study. GDP = gross domestic product.
a
The value of the coefficient is not statistically significant.

Table 3A.2—Estimated elasticities of different types of public nonagricultural
expenditure on agricultural output and productivity
Indicator of public
nonagricultural expenditure

Dependent variable

Education sector
Education
Rural education
Education

Agricultural GDP per capita
Total factor productivity
Agricultural output per worker

0.197
0.047
0.578

Fan, Zhang, and Zhang (2002) (China)
Fan, Hazell, and Thorat (2000) (India)
Fan, Yu, and Jitsuchon (2008)
(Thailand)

Total factor productivity

0.012a

Fan, Hazell, and Thorat (2000) (India)

Agricultural GDP per capita
Total factor productivity
Agricultural output per worker

0.037
0.057
0.119

Total factor productivity

0.015

Fan, Zhang, and Zhang (2002) (China)
Fan, Hazell and Thorat (2000) (India)
Fan, Yu, and Jitsuchon (2008)
(Thailand)
Teurel and Kuroda (2005) (Philippines)

Total factor productivity
Agricultural GDP per capita
Agricultural output per worker

0.004a
0.009a
0.198

Total factor productivity
Total factor productivity
Agricultural GDP per capita

0.002
0.022a
0.021

Health sector
Public health and welfare
Roads sector
Rural roads
Rural roads
Rural roads
Investment on roads
Other sectors
Rural power
Rural power
Rural power
Electrification
Rural development
Rural telecommunications

Elasticity

Source (country)

Fan, Hazell, and Thorat (2000) (India)
Fan, Zhang, and Zhang (2002) (China)
Fan, Yu, and Jitsuchon (2008)
(Thailand)
Teurel and Kuroda (2005) (Philippines)
Fan, Hazell, and Thorat (2000) (India)
Fan, Zhang, and Zhang (2002) (China)

Notes: The variables in this table are variants of εEη and εEQ (see Table 3.1 for a description). Elasticity is the percentage
nag
nag
change in dependent variable caused by a 1 percent change in the value of the indicator of public spending. GDP = gross
domestic product.
a
The value of the coefficient is not statistically significant.

Table 3A.3—Estimated effects of different types of public agricultural and
nonagricultural expenditure on factors of agricultural production and input use
Indicator
Public agricultural expenditure
Investment in irrigation
Investment in irrigation
Investment in irrigation
Government expenditures
on agriculture
Public nonagricultural expenditure
Investment in roads
Investment in roads
Investment in roads
Investment in electrification
Investment in electrification
Investment in electrification

Dependent variable

Elasticity Source (country)

Agricultural labor
Intermediate inputs
Agricultural capital
Household total agricultural
expenditures per capita

–0.233
–0.501
0.650
0.148

Agricultural labor
Intermediate inputs
Agricultural capital
Agricultural labor
Intermediate inputs
Agricultural capital

–1.189
–1.052a
1.806
–0.099
–0.216
0.499

Teurel and Kuroda (2005) (Philippines)

Benin et al. (2008b) (Ghana)

Teurel and Kuroda (2005) (Philippines)

Teurel and Kuroda (2005) (Philippines)

Note: Elasticity is the percentage change in dependent variable due to a 1 percent change in value of indicator of public spending.
value of the coefficient is not statistically significant.

aThe

Table 3A.4—Estimated crowding-in and crowding-out effects of public spending on
private spending
Indicator of public spending

Dependent variable

Elasticity

Public investment

Private investment

0.027–0.067a

Public investment

Private investment

0.312–1.108a

Public investment

Private investment

–0.021 to 0.022a

Expenditures on public applied
research
Expenditures on public basic
research
Subsidy on research

Expenditures on private
applied research
Expenditures on private
applied research
Expenditures on private
research
Stocks of private research
and development

Stocks of public research and
development
Share of public investment
in GDP
Ratio of public to private
investment
Ratio of public to private
investment
Expenditures on public irrigation
Spending on research

Share of private investment
in GDP
Overall total factor
productivity
Agricultural total factor
productivity
Crop area under private
irrigation (percent)
Rural wages

Public wages

Private wages

0.250–0.208

Source (country)
Ashipala and Haimbodi (2003)
(South Africa)
Ashipala and Haimbodi (2003)
(Namibia)
Ashipala and Haimbodi (2003)
(Botswana)
Malla and Gray (2005)
(United States)

0.200–0.220
0.100

Görg and Strobl (2006) (Ireland)

0.035–1.918

Sadraoui and Ben Zina (2006)
(23 countries, including 3 from
Africa)
Ramirez and Nazmi (2003) (nine
Latin American countries)
del Mar Salinas-Jimenez (2004)
(Spain)

–0.082
–0.230
–0.001a
0.080
0.033
0.212–0.357

Fan, Hazell, and Thorat (2000)
(India)
Fan, Hazell, and Thorat (2000)
(India)
Afonso and Gomez (2008)
(16 OECD countries)

Notes: Elasticity is the percentage change in dependent variable due to a 1 percent change in value of indicator of public
spending. Where range of values is given, they represent the low- and high-end estimates associated with different estimators
used in the study. GDP = gross domestic product. OECD = Organisation for Economic Co-operation and Development.
aThe value of the coefficient is not statistically significant.

Table 3A.5—Estimated interaction effects
Interaction
Fertilizer and stone
terrace

Dependent variable
Household agricultural output per acre

Fertilizer and soil bund Household agricultural output per acre
Fertilizer and irrigation Household agricultural output per acre

Value of
coefficient
–0.804 to

–0.076a

Source (country)
Pender and Gebremedhin (2006)
(Ethiopia). Estimates are for two
different methods.

–0.455 to 0.369a
0.131a to 0.663a

Notes: Stone terrace and soil bund are both soil and water conservation technologies. The value of the coefficient is elasticity
(percentage change in dependent variable caused by a 1 percent change in interaction) where the indicator is a continuous
variable. For dummy variables, it measures the percentage difference in value of the dependent variable between the treatment group and the comparison or reference group. A range of values represents the low- and high-end estimates associated
with different estimators used in the study.
aThe value of the coefficient is not statistically significant.
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Table 3A.6—Estimated growth in government spending, 2002–07 (percent)
Annual average
growth in
public spending
Country

Total

Agriculture

Benin
Botswana
Burkina Faso
Burundi
Cameroon
Central African Republic
Chad
Congo, Democratic Republic of
Congo, Republic of
Côte d’Ivoire
Djibouti
Egypt, Arab Republic of
Ethiopia
Ghana
Guinea-Bissau
Kenya
Lesotho
Madagascar

7.66
2.41
21.42
16.84
3.83
15.69
-0.18
26.95
–21.78
3.09
7.17
–0.19
10.97
21.47
18.03
16.60
10.16
19.10

12.98
–2.48
11.05
19.80
8.21
–4.46
3.70
30.21
–1.09
4.26
51.90
3.84
38.62
35.32
5.57
13.91
–2.37
21.86

Annual average
growth in
public spending
Country

Total

Agriculture

Malawi
Mali
Mauritania
Morocco
Mozambique
Namibia
Niger
Nigeria
Sao Tome and Principe
Senegal
Seychelles
Sierra Leone
Swaziland
Tanzania
Togo
Tunisia
Uganda
Zambia

12.13
11.09
0.20
8.52
9.26
8.94
–1.36
-0.10
28.09
11.07
–2.36
0.52
12.25
15.20
5.48
5.30
0.79
2.29

36.44
6.76
–4.42
–7.66
–20.12
–1.64
–13.96
13.55
56.47
23.33
5.80
–1.41
20.99
17.72
14.48
3.85
–4.95
10.56

Source: Authors’ calculations based on government expenditure data in local currency units obtained from the Africa Union
Commission (AU / NEPAD 2008) and the SPEED database (IFPRI 2010). Data on purchasing power parity were obtained from
World Bank 2010.
Notes: The annual average growth rate of public nonagricultural expenditure can be extrapolated using the values in the “Total”
and “Agriculture” columns or obtained using the original data on public nonagricultural expenditure. The magnitude of the
growth depends on the currency units of the expenditure data. We use international dollar purchasing power parity to enhance
comparison of the underlying expenditures across countries.

6.37
–1.26
1.29
10.71
4.14
4.75
1.70
–2.76
5.27
–3.05
10.36
0.29
7.34
3.97
–2.55
–2.12
4.63
–5.45
0.19
–14.94
2.97
1.25

Fertilizer
per hectarea

Source: Nin Pratt and Yu (2008).
a
Values represent measure of change in Fi .
b
Values represent measure of change in αi .
c
Values represent measure of change in η.

Benin
Burkina Faso
Cameroon
Chad
Congo
Côte d’Ivoire
Ethiopia
Gabon
Ghana
Guinea
Guinea-Bissau
Kenya
Malawi
Mali
Mauritania
Mauritius
Mozambique
Nigeria
Sudan
Tanzania
Togo
Zambia

Country

–3.58
–1.07
0.00
–0.31
–0.54
–0.25
–1.79
–0.73
–3.96
–0.27
–2.73
0.77
–2.63
–0.44
1.01
0.00
–1.85
0.85
–0.29
0.38
–2.27
–0.03

Tractors
per hectarea
–2.73
0.52
2.19
2.52
1.59
1.01
1.63
0.00
–1.48
2.41
–1.17
–0.82
–1.20
2.04
3.87
2.75
–1.01
0.82
1.39
1.69
1.33
0.46

Animal stock
per hectarea
–3.60
–1.46
0.69
0.89
0.23
–0.40
0.68
–1.53
–1.31
–0.72
–0.80
1.18
–1.48
0.52
1.60
–1.75
0.04
–0.06
–0.14
0.66
0.55
0.77

Workers
per hectarea
0.07
1.25
2.62
2.71
1.68
2.09
2.49
0.75
1.57
0.87
–0.13
1.30
3.23
2.25
2.02
0.97
2.79
2.02
1.64
0.74
0.96
1.23

Output
per hectareb
3.81
2.76
1.91
1.80
1.45
2.50
1.79
2.31
2.92
1.60
0.67
0.11
4.78
1.72
0.41
2.76
2.75
2.08
1.78
0.09
0.41
0.46

Output
per workerb
1.67
1.32
1.84
2.48
1.39
1.60
2.55
2.31
1.79
0.42
0.45
1.05
3.35
2.85
1.44
0.93
3.32
2.12
3.19
2.79
0.59
0.03

Total factor
productivityc

Table 3A.7—Estimated annual average growth rates for inputs, factors of agricultural production, partial productivity, and total
factor productivity, selected countries, 1994–2003
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Notes
1. Elasticity is a unitless concept that measures the percentage change in an economic variable
caused by a 1 percent change in another economic variable.
2. See Fan et al. (2008) for comparison of various studies that have estimated the cost to achieve
the first MDG.
3. The Cobb–Douglas production function is a special case of the constant elasticity of substitution form under the condition of constant returns to scale, Σiαi = 1.
4. A dotted variable means differentiation of the variable with respect to t. For example, ẋt =
∂xt / ∂t.
η
η
η
5. Using Eag + Enag = T, then Φag,nag
(EagĖnag + EnagĖag ) = Φag,nag
TĖag = Φag,nag
TĖnag if Ėag = Ėnag ,
where T is total public spending.
6. We have refrained from modeling the public sector as a direct agent in the production
process, which could have been done by writing part of the production function in Equation 1 as
f (Ej , Fi(Ej )), where Ej is the jth type of public investment. Thus, the relative efficiency of public versus
private investments is captured indirectly as a net effect. Also, some types of public intervention (for
example, subsidies using a voucher system) can have direct effects on agricultural production decisions
(for example, labor supply or cultivated land) without necessarily affecting the market price of the
subsidized item. In this case, P can be interpreted to include the shadow price of the subsidized item.
∂P measures the interaction effect on P of public spending on the
7. As before, ΦPag,nag = ————
∂(EagEnag )
agricultural and nonagricultural sectors.
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Chapter 4

Kenya
James Thurlow, Jane Kiringai, and Madhur Gautam

K

enya’s economy is diverse, with both agricultural and industrial potential.
However, the economy has not performed especially well over the past two
decades, and evidence suggests that poverty and inequality has not declined
much. Therefore, it is imperative that Kenya’s government foster stronger growth
and a process of income generation that benefits the broader population. As discussed in the next section, numerous studies emphasize the importance of rural
development in Kenya, largely because a majority of the population, especially poor
households, lives in rural areas, where they rely heavily on agricultural incomes.
Urban households also depend on rural areas as a source of food and as a market
for nonagricultural goods. However, Kenya’s ninth National Development Strategy
has not taken a particularly optimistic view of agriculture’s potential contribution to
economic growth—it targets an annual growth rate of around 4 percent per year,
with agriculture growing at a little more than 3 percent (Kenya 2002). The strategy
instead places greater emphasis on the creation of a dynamic industrial sector that
provides employment opportunities and improves incomes. These objectives are
important if Kenya is to diversify its economy and encourage long-term structural
transformation. However, past strategies have not generated rapid economic growth,

This chapter draws on an IFPRI Discussion Paper (Thurlow, Kiringai, and Gautam 2007) to which a
number of people contributed. In particular, the authors thank Bernadette Wanjala, who helped build
the social accounting matrix for Kenya; James Njeru and Nicholas Waiyaki, who provided information
on Kenya’s agricultural systems; and Sam Benin and Xinshen Diao, who provided technical advice
during the research process. The Discussion Paper was a research output from a project funded by the
World Bank.
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which raises questions about potential sources of future growth and the appropriate
allocations of public investments.
It appears that agriculture might play a more important role in Kenya’s future
strategies. The government has adopted the Comprehensive Africa Agriculture
Development Programme (CAADP) promulgated under the New Partnership for
Africa’s Development (NEPAD). This program sets a continentwide agricultural
growth target of 6 percent. To achieve this growth, Kenya’s government has signed
the Maputo Declaration, which calls on African governments to increase the share
of agricultural spending to 10 percent of their total budgets.
In light of these developments, we evaluate alternative growth paths for Kenya
in terms of their ability to reduce poverty. We also assess the impact and fiscal implications of investing in agriculture and rural infrastructure to accelerate agricultural
growth. For this purpose, we develop a recursive dynamic computable general equilibrium (DCGE) model of Kenya based on the one described in Chapter 2 of this
volume. Although most of the country case studies in this volume conduct topdown investment cost analysis, the Kenya case study fully integrates public investment functions and impact response elasticities into the DCGE model. This allows
us to estimate the economywide returns to different investments, including irrigation, agricultural research, and rural roads.
The chapter is structured as follows. We first review Kenya’s recent economic
performance, its most recent development strategy, and the role of agriculture in the
economy. We then describe the structure of the Kenyan DCGE model and its
underlying data sources. The model results are then presented for the baseline
growth scenario and the accelerated agricultural growth scenarios. This presentation
is followed by the results from the integrated agricultural investment analysis. We
conclude the chapter by summarizing our findings and providing recommendations
for a more equitable growth strategy in Kenya.
Agriculture in Kenya
Growth and Poverty Trends

Kenya grew at an average rate of about 3 percent per year during the decade following the reforms that started in earnest in the early 1990s (see Table 4.1). Economic
growth since 2004 has risen slightly, to 4 percent per year. This apparent continuity
over the period hides the volatility of growth and its shifting structure. For instance,
agricultural growth was initially slow during the mid-1990s but rose rapidly to
almost 5 percent before declining again after 2000. In contrast, the industrial sectors
have followed the opposite trend, falling into stagnation during the late 1990s and
then rising to average about 2 percent growth overall.
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Table 4.1—Past and projected growth performance, 1992–2009 (percent)

Category
GDP market prices
Households
Investment
Government
Exports
Imports
GDP factor cost
Agriculture
Manufacturing
Other industry
Private services
Public services
Population

ERS
Observed annual real compound growth rate
GDP share,
projection,
1997
1992–97 1997–2000 2000–04 1997–2004 2004–09 2003–07
100.0
75.1
15.0
17.3
22.4
29.8
100.0
18.1
22.4
9.1
39.7
10.7

2.9
3.1
7.8
3.4
8.7
12.2
3.0
1.7
2.6
2.3
4.8
1.6
2.6

2.1
1.5
7.2
–0.4
1.7
1.7
1.8
4.3
–0.5
0.9
2.2
1.4
2.4

3.0
2.6
3.0
1.5
9.9
6.8
2.7
2.6
2.1
2.0
3.2
2.6
1.9

2.6
2.1
4.8
0.7
6.3
4.6
2.3
3.3
0.8
1.5
3.2
1.9
2.1

4.1
4.8
13.2
2.5
3.7
9.9
4.1
1.3
5.6
4.5
5.7
2.5
1.8

6.0
4.7
12.7
3.0
7.7
6.0
6.0
3.1
8.6
11.3
3.0
3.0
2.0

Source: Authors’ calculations based on Kenya (2003b, 2006) and World Bank (2010).
Notes: GDP = gross domestic product in constant prices. ERS = Economic Recovery Strategy. Blank cells = not applicable.

Modest economic growth until the mid-2000s was offset by high population
growth, so that average per capita incomes stagnated during the 1990s. Consistent
with stagnant income growth and a worsening income distribution, the national
poverty headcount rate does not appear to have changed much since the early 1990s.
Table 4.2 reports poverty headcount rate estimated using four household surveys.
Although differences in the design and implementation of these surveys prevent an
accurate comparison of poverty over time, there is little evidence to suggest any
significant reduction in poverty since reforms began two decades ago.
The survey results also suggest that any reductions in poverty have been concentrated in urban areas. This reflects rapid urbanization and slow industrial growth,
which in turn explains the growth in private services typically associated with the
informal economy (see Table 4.1). Conversely, the small change in rural poverty
rates may be due to agriculture’s relatively weak performance. Regardless of whether
poverty rose or fell over the past two decades, the level of poverty in Kenya clearly
remains high. Almost half the population’s incomes are insufficient to meet their
basic needs. It is in this context of sluggish growth and severe poverty that we review
the government development strategy.
Kenya’s Development Strategy

The Economic Recovery Strategy (ERS) (Kenya, 2003b) and Ninth National
Development Plan (NDP) (Kenya 2002) outline Kenya’s development objectives,
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Table 4.2—Changes in the poverty rate, 1992–2005/06
Poverty rate (percent)
Category/feature

1992
WMSI

1994
WMSII

1994
WMSII

1997
WMSIII

2005/06
KIHBS

National
Rural
Urban
Geographic coverage
Survey period

46.3
47.9
29.3
Half of districts
November–December

43.8
46.8
28.9
All districts
June–August

45.5
45.9
n.a.
Same as WMSI
June–August

51.3
52.9
49.2
No north–eastern
April–June

45.9
49.1
33.7
All districts
May–April

Sources: Kenya (2000, 2003a); Kimalu et al. (2002); World Bank (2008).
Note: KIHBS = Kenya Integrated Household Budget Survey. n.a. = not available. WMSI, WMSII, WMSIII = Welfare Monitoring
Surveys for 1992, 1994, and 1997, respectively.

which include restoring economic growth, generating employment, and reducing
poverty (based on ERS). This plan has been supplemented by Vision 2030 (Kenya
2007). The ERS is the most specific of the three documents, as it stipulates the
expected contributions of each sector during 2003–07 and the policies required to
realize growth (see the final column of Table 4.1).
Broadly speaking, based on ERS, Kenya was expected to follow an industry-led
growth path, encouraged by a series of policy interventions and public investments.
The ERS prioritized both formal and informal economies, although many policies
identified in the strategy appear to be geared more toward the formal sector. These
policies include reducing bureaucratic delays; computerizing immigration, customs,
and the registration of companies; negotiating trade protocols; and encouraging
research and development through tax incentives. Policies for the informal sector
include establishing incubator zones for small enterprises and supplying them with
supporting infrastructure. It is hoped that reducing production costs and providing
an enabling environment for renewed investment will allow the trade sector to grow
at 11 percent per year. High industrial growth requires enhanced levels of investment and imports. As such, although the economy was projected to grow at about
6.0 percent per year during the recovery period, household consumption expenditure was expected to grow more slowly at 4.7 percent. Because this projection is still
substantially higher than both population growth and past economic performance,
it was expected that the level of poverty would decline by at least 5 percent by 2007.
If one ignores comparability problems with the surveys, then recent estimates suggest that this poverty target might have been achieved (see Table 4.2). Moreover,
manufacturing gross domestic product (GDP) growth estimates for 2004–09 were
higher than in the pre-ERS period (5.6 percent per year), although they fell short
of the ERS target of 8.6 percent (see Table 4.1).
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According to both the ERS and NDP, agriculture has been expected to grow at
about 3 percent per year under a series of proposed policies and investments. For
crop agriculture, these include expanding extension services, improving rural roads
and irrigation, and strengthening farmer organizations. The livestock sector is also
targeted through increased support for the dairy sector and improved animal health
services. Emphasis is placed on diversifying into new crops, such as cashew nuts,
oilseeds, sorghum, and cassava. Agricultural research is directed toward ensuring the
potential of these new crops, while extension services facilitate the dissemination of
new technologies to farmers. Although it was hoped that these investments and
policies could reverse the long-term decline in agricultural productivity, the two
strategies were not particularly optimistic, as evidenced by the modest growth projection of 3 percent. This projection represents a continuation of the agriculture’s
poor longer-term growth performance. Moreover, even though the targeted growth
rate was modest, the actual agricultural growth rate during 2004–09 was even lower,
at only 1.3 percent per year. Later in this chapter we quantitatively evaluate the
relationship between agricultural growth and poverty reduction.
The Role of Agriculture

Agriculture is the largest sector in the Kenyan economy, generating a quarter of
GDP and two-fifths of export earnings (Kiringai, Thurlow, and Wanjala 2006).
Moreover, agricultural production in Kenya is relatively diverse, particularly in
export crop production. Although Kenya is well known for its rapid development
of nontraditional crops, such as cut flowers, it has continued to produce many
important traditional export commodities, such as tea and coffee. In contrast, foodcrop production is dominated by maize, whereas rice and wheat are heavily import
dependent. Nonfarm activities, such as food processing, are as important as primary
agriculture for the rural economy, generating two-thirds of rural GDP. Moreover,
85 percent of the population lives in rural areas, where agriculture and agriculturerelated nonfarm activities are the primary sources of income for a majority of
households.
Despite Kenya’s diversity, the agricultural sector has experienced mediocre
growth over the past two decades, thus mirroring the weak overall performance of
the economy. Agricultural production grew at 1 percent annually during the 1990s,
driven by marginal improvements in crop yields or productivity (FAO 2010).
However, this growth was well below the population growth rate of more than 2
percent. Although agricultural growth has doubled since 2000, this more recent
period has been characterized by rapid cropland expansion and stagnant yields
(FAO 2010). There is also variation in the performance of individual sectors. On
the one hand, horticulture and export crops have grown rapidly over the past
decade, with the exception of coffee (caused by a collapse in international prices).
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On the other hand, cereals and root crops performed poorly during the 1990s, and
although these sectors have subsequently expanded production, they have continued
to experience pronounced declines in yields. Given Kenya’s growing population
and land constraints, the key challenge for accelerating agricultural growth is overcoming the long-standing and widespread deterioration of farm productivity.
Several studies have examined the determinants of agricultural productivity in
Kenya. Falling yields during the early 1990s are attributed to the poor sequencing
of market reforms and subsequent declines in the use of fertilizer and hybrid seeds
(Karanja, Jayne, and Strasberg 1999; Odhiambo, Nyangito, and Nzuma 2004).
Recent evidence suggests that fertilizer use is rising rapidly, although this trend is
concentrated in favored agroecological regions (Ariga, Jayne, and Nyoro 2006).
Furthermore, increased population pressure in these favorable regions has caused
migration to less-favored lands, where existing technologies are often inappropriate
(Nyoro and Jayne 1999). Funding for agricultural research is insufficient for the
development of more appropriate seed varieties (Odhiambo, Nyangito, and Nzuma
2004). Accordingly, increased spending on research and the provision of extension
services is identified as a binding constraint to agricultural growth (Nyangito 1999).
However, farmers’ knowledge of improved inputs is already widespread, suggesting
that market development may be as important as extension (Nyoro, Wanzala, and
Awour 2001). This is because higher input prices and lower output prices reduce
the incentive for small-scale farmers to purchase fertilizer and hybrid seeds (Owuor
1999).
Increasing market access by investing in roads is considered complementary to
enhancing on-farm technology. Furthermore, improved market access and commercialization are found to increase input use and yields for both food and cash
crops (Strasberg et al. 1999). Productivity growth also depends on other forms of
rural infrastructure, such as irrigation. Investments to improve water management
have slowed dramatically over the past two decades, yet they remain fundamental
for growth in some areas of the country (Odhiambo, Nyangito, and Nzuma 2004).
Similarly, agricultural services that improve livestock management and disease control are found to have a positive impact on growth (Kabubo-Mariara 2001; Karanja
2003). Finally, the literature identifies access to credit and working capital as a
constraint for rural households (Nyoro, Wanzala, and Awour 2001; Kibaara 2006).
Therefore, extensive empirical evidence exists to identify the types of investments
needed to enhance agricultural productivity and accelerate rural growth in Kenya.
Regional Differences in the Agricultural System

A key finding in the literature on rural investment is that returns tend to vary across
regions (see, for example, Fan and Rao 2003; Fan and Zhang 2008). To capture how
initial economic and environmental conditions influence the impact of rural invest-
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Figure 4.1—Kenya’s agroecological zones and metropolitan centers

Lowlands
Midlands
Highlands
Metropolitan

Eldoret
Kisumu
Nakuru
Nairobi

Mombasa

Notes: Metropolitan centers includes cities with more than 100,000 residents. Agroecological zones are
defined at the district level and are based on the dominant agroecological zone by unweighted land area.

ments, we divide Kenya into its three main agroecological regions: lowlands, midlands, and highlands (Figure 4.1). These regions include both rural areas and small
towns. Major metropolitan centers are identified separately as cities and towns with
more than 100,000 inhabitants. Although the five metropolitan centers in Kenya
comprise less than 10 percent of the total population, they generate three-quarters
of nonagricultural production and more than half of national GDP (see Table 4A.1
in the appendix to this chapter). Linkages to agriculture are mainly through demand
for intermediate inputs for food processing, because urban households consume
processed food rather than agricultural products and metropolitan areas produce a
surplus of processed food (Kiringai, Thurlow, and Wanjala 2006).
Kenya’s agrological regions differ considerably (Table 4.3). The lowland region
has the largest land area but is sparsely populated, although most of the population
lives near the coast rather than in the interior. The lowland region generates less than
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Table 4.3—Characteristics of subnational regions in Kenya, 2003
Agroecological zone
Characteristic
2

Area (km )
Population (thousand)
Population density (per km2)
GDP per capita (KES)
GDP per capita (US$)
Poverty rate (P0) (percent)
Share of maize farmers
(percent)
Using fertilizer
Using improved seed
varieties
Engaged in commercial
activity
Maize fertilizer use (kg per acre)
Maize yield (KES per acre)
Rainfall (mm per year)
Distance to piped water (km)
Road density (km per km2)
Number of cattle (per household)

Lowlands

Midlands

Highlands

Metro centers

All of Kenya

384,759
4,622
12
10,007
132
61.0

161,942
15,934
98
15,237
201
54.9

43,824
4,899
112
28,098
370
41.5

8,391
2,324
277
236,571
3,117
13.9

598,916
27,779
46
35,152
463
51.4

22.2

81.4

86.0

64.9

26.4

87.5

82.8

67.7

19.6
7.0
5,760
563
10.4
0.12
1.0

47.7
46.3
11,637
1,061
9.1
0.50
1.5

44.1
77.4
9,928
815
4.0
0.88
2.2

1.85
0.0

38.2
50.4
9,364
839
8.0
0.30
0.8

Source: Authors’ calculations using 1999 population census (Kenya 2000), 1997 household survey (Kenya 2000), and the
2003 Kenyan social accounting matrix (Kiringai, Thurlow, and Wanjala 2006).
Notes: Population-weighted regional averages are calculated using information from Karanja, Jayne, and Strasberg (1999);
Owuor (1999); Strasberg et al. (1999); and Ariga, Jayne, and Nyoro (2006). km2 = square kilometer. GDP = gross domestic
product. KES = Kenyan shillings. mm = millimeters. kg = kilograms. Blank cells = not applicable.

5 percent of national GDP, and average per capita incomes are low at US$132 per
year. These numbers are reflected in the region’s high poverty rate, with three-fifths
of the population falling below the official poverty line. Despite better conditions
along the coast, much of the lowland region is semiarid, with low average annual
rainfalls. Access to assets and infrastructure is also poor, with low road densities, few
cattle per capita, and long distances to piped water. Finally, only a quarter of farmers
use fertilizer and improved seeds, and few households engage in commercial agriculture, relying more on subsistence food production. In spite of the region’s low
level of development, agriculture generates less regional GDP in the lowlands than
in either the midlands or highlands. However, pastoralists are a significant portion
of the population, thus making the livestock sector an important component of the
lowland economy. Therefore, given the poor initial conditions, improving food
security is likely to be the key objective for lowland development.
The midlands is the main region for foodcrops, producing three-quarters of all
cereals and root and oilseeds in Kenya. Rainfall and maize yields are highest in this
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region, and a large share of farmers uses fertilizers and hybrid seeds. However, population density is eight times higher than in the lowlands, and land scarcity is increasingly a constraint to growth (Nyoro and Jayne 1999). Livestock also forms an
important part of the midlands economy, although, unlike the lowlands, dairy
rather than cattle farming dominates, because the midlands has better access to
urban markets (Karanja 2003). Average incomes are higher and poverty is lower in
the midlands than in the lowlands. However, the midlands’ large share of the population implies that almost two-thirds of the poor live in this region. The region’s
dependence on agricultural incomes and its favorable initial conditions suggest that
reversing falling maize yields and encouraging cash crop production are key development objectives (Mose 1999).
Finally, agrological conditions are also favorable in the highlands region, where
maize yields and annual rainfall are relatively high. As in the midlands, there is
widespread use of improved inputs, although only half of farmers engage in commercial agriculture. Unlike other regions, the highlands is heavily involved in higher
value horticulture and export crops, and, despite its relatively small land area, is
responsible for half of all production in these sectors. Accordingly, average incomes
are higher, and poverty is substantially lower in the highlands than in the other
regions. Infrastructure is also more developed, with higher road densities and better
access to water. Therefore, although the nature of investments may differ, the objectives for the highlands are similar to those of the midlands: encourage commercialization and increase cash crop production.
In summary, although recent growth has been more promising, the performance of the Kenyan economy over the past decade has not been strong enough to
generate significant reductions in poverty. Both agricultural and industrial growth
has been erratic, with periods of expansion followed by slowing growth and even
stagnation. In this context, the government devised a joint strategy for economic
recovery and national development, focusing primarily on industry-led growth. The
strategy is less optimistic for agriculture, which is projected to continue growing at
its long-term growth rate of about 3 percent per year. However, despite regional
differences, the agricultural sector plays an important role throughout the Kenyan
economy, both as a source of growth and as a provider of employment and incomes
for a majority of the population. In light of the diverging expectations placed on
agriculture and industry in the country’s development strategy, we now examine and
contrast these alternative sources of growth and estimate their impacts on poverty.
The Kenyan DCGE Model

A DCGE model like the one described in Chapter 2 of this volume was developed
for Kenya. The model was calibrated on a detailed 2003 social accounting matrix
(SAM) developed by IFPRI and the Kenya Institute for Public Policy Research and
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Analysis (KIPPRA). The SAM drew together information from a wide range of data
sources, including national accounts, trade data, government budgets, indirect tax
schedules, and household and labor-force surveys. Once compiled into a consistent
economywide database, the SAM was balanced using cross-entropy estimation
techniques. For detailed documentation of the data sources and balancing procedure, see Kiringai, Thurlow, and Wanjala (2006).
The SAM distinguishes between 53 agricultural and nonagricultural sectors
(see Table 4A.2 in the appendix to this chapter). All sectors are further disaggregated
across four subnational regions, including the three main agroecological zones
(lowlands, midlands, and highlands) and the major metropolitan areas. Regional
labor markets are segmented according to occupations, including skilled labor
(professional workers), semiskilled (technicians, clerks, and sales workers), and
unskilled workers (all other occupations and subsistence farmers). Workers are able
to migrate between activities within but not between regions. Agricultural land and
capital are also separated by region. Whereas agricultural land can be reallocated
across crops depending on factor demands and relative factor prices, capital is fixed
by sector and, after depreciation, is supplemented by new capital from investment
depending on relative sectoral profit rates.
To capture the income and distributional impacts of alternative growth strategies, the DCGE model identifies 70 representative household groups based on
individual households surveyed in the 1997 Welfare Monitoring Survey (WMSIII).
Households were separated by rural and urban areas, four subnational regions, and
by nationally defined per capita expenditure deciles. Each aggregate household in
the model is linked top down to their corresponding households in the survey, so
that changes in per capita consumption of specific commodities from the DCGE
model can be translated into changes in Kenya’s poverty headcount rate. The model
is thus a spatially explicit representation of the Kenyan economy in 2003, and its
detail allows us to conduct detailed sectoral growth simulations.
Baseline Growth Scenario

We use the DCGE model introduced in Chapter 2 to examine the impact of alternative sources of growth on poverty and inequality. We first calibrate the model
to replicate the level and structure of growth that Kenya experienced over the past
five years and assume such growth trends continue until 2015 (the baseline scenario) (see Table 4A.3 in the appendix to this chapter). We then design a set of
scenarios to compare the poverty outcomes resulting from accelerating agricultural and industrial growth. In the second set of scenarios we assess the poverty
impact of accelerating growth in different agricultural subsectors (foodcrops,
livestock, and export crops).
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In the baseline or business-as-usual scenario, Kenya is assumed to grow at an
annual rate of 3 percent between 2006 and 2015 (Table 4.4). This rate is slightly
higher than what was actually experienced during the seven years (1997–2004)
leading up to the base year of the model, but it is consistent with the subsequent
acceleration of growth after 2000. The agricultural sector grows more rapidly than
overall GDP growth at 3.3 percent, driven by the strong performance of cash crops
and livestock. In contrast, foodcrops grow slowly, and food processing in the manufacturing sector stagnates. The baseline scenario assumes a more balanced structure
of growth. Manufacturing grows at 2.2 percent per year during 2006–25, which is
in line with more recent trends and the observed investment growth. Services also
follow past trends, with private and public services growing at 3.3 and 2.0 percent
per year, respectively.
Although the economy grows at 3 percent per year, household consumption
expenditure rises by only 0.9 percent in per capita terms. This rate is higher than
the per capita consumption growth experienced during the 1990s. Given rising per
capita consumption, income-based poverty declines slightly in the baseline. The
national incidence of poverty falls from 51.3 percent in 2003 to 48.1 percent in
2015 (Table 4.5). However, this aggregate decline hides the continued rise in urban
poverty, from 47.6 percent in 2003 to 49.5 percent by 2015. With declining rural
poverty during the same period, the baseline scenario suggests that, if the 1997–
2004 growth rates had been maintained, then urban poverty would be higher than
rural poverty by 2015.
We also measure the effectiveness of baseline growth to reduce poverty using
the poverty–growth elasticity (Ravallion and Chen 2003). The value of this elasticity
is low at –0.38 (see Table 4.5). Thus, 1 percent growth in per capita GDP leads to
a 0.38 percent decline in the poverty rate. With this elasticity it would require an
annual GDP growth of 10.3 percent in 2006–15 to achieve the first Millennium
Development Goal (MDG1) of halving 1992 poverty by 2015 (that is, to reach a
poverty rate of 22.2 percent). Required growth for MDG1 is based on a balanced
growth assumption, and poverty–growth elasticity is assumed to remain constant at
–0.38. In the next section we assess whether there are alternative sources of growth
that would be more pro-poor than the current baseline.
Accelerated Growth Scenarios
Comparing Agriculture and Industry-Led Growth

The impact of agricultural and industrial growth on poverty is examined by accelerating the overall GDP growth rate from its current 3 percent to 4 percent per year.
Two scenarios are presented, in which the source of this additional growth differs.

100.0
23.5
2.9
3.1
3.7
6.1
6.6
21.2
12.4
4.2
2.0
6.2
42.7
12.6

GDP share,
2003
2.6
3.3
2.1
0.9
3.4
5.5
2.8
2.1
0.8
0.2
1.7
0.3
3.2
1.9

Actual,
1997–2004
3.0
3.0
2.5
0.9
4.0
4.0
3.0
2.8
2.2
1.0
1.5
3.2
3.3
2.0
3.0
0.9
1.4
0.7

Baseline
scenario
4.0
2.8
3.3
1.4
4.3
1.8
3.6
6.4
6.5
3.4
6.4
8.2
3.9
2.0
4.0
0.9
1.7
1.5

Industry-led
4.0
7.0
4.3
3.0
7.5
10.5
6.0
2.3
1.2
1.1
–0.1
1.6
3.5
2.0
4.0
0.9
1.5
1.7

Agriculture-led
4.0
7.2
5.7
7.9
21.2
–11.0
3.1
2.3
1.2
0.7
0.0
1.8
3.4
2.0
4.0
0.9
1.4
1.7

Foodcrops

Simulation results, 2006–15

Average annual growth rate

4.0
6.5
2.6
0.9
4.2
5.5
11.6
3.0
2.4
1.8
1.3
3.1
3.5
2.0
4.0
0.9
1.4
1.7

Livestock

4.0
7.4
1.9
–1.2
–0.1
16.3
3.7
1.9
0.1
0.6
–1.1
0.2
3.5
2.0
4.0
0.9
1.5
1.7

Export
crops

Source: Authors’ calculations based on Kenya (2006) and Kenyan dynamic computable general equilibrium model results.
Notes: Foodcrops include all edible crops (such as cereals, roots, and pulses); cash crops include both export and industrial crops (such as cut flowers, tea, horticulture, tobacco);
light industry includes textiles, clothing, and wood and paper products; and heavy industry includes chemicals, petroleum, and machinery. GDP = gross domestic product. Blank
cells = not applicable.

GDP factor cost
Agriculture
Cereals
Roots and tubers
Horticulture
Export crops
Livestock
Industry
Manufacturing
Food processing
Light industry
Heavy industry
Private services
Public services
GDP factor cost
Labor employment
Capital and land
Total factor productivity

Outcome

Table 4.4—Growth outcomes under growth scenarios (percent)
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100.0
84.3
15.7
6.3
59.5
22.2
11.9

51.3
51.9
47.6
61.0
54.7
41.4
47.1
17.9
8.2

Poverty
rate, 2003
(percent)

–0.38
–0.50
–0.37
–0.25
0.23

48.1
47.8
49.5
60.0
51.8
34.3
48.3
18.0
8.7

Baseline
scenario

–0.51
–0.45
–0.57
–0.57
–0.78

46.0
45.8
46.8
57.6
49.8
31.4
47.2
16.6
7.9

Industry-led

–2.20
–2.66
–4.22
–5.32
–0.23

38.7
36.7
48.6
55.0
40.0
24.9
47.9
12.8
5.7

Agriculture-led

–2.13
–2.46
–3.72
–4.53
–0.66

39.3
37.4
47.9
53.6
40.8
26.1
47.0
13.4
6.1

Foodcrops

–1.58
–1.90
–2.51
–2.84
–0.18

41.6
40.1
48.8
58.7
44.1
25.9
47.9
15.0
7.1

Livestock

–1.90
–2.36
–4.32
–5.66
0.15

39.9
37.9
49.8
54.3
41.9
25.2
48.7
13.1
5.9

Export
crops

Source: Kenyan dynamic computable general equilibrium model results.
Notes: The microsimulation module is based on the 1997 survey (Kenya 2000), and so the initial poverty rates in the model are really those for 1997. The official basic needs poverty
line is set at KES1,239 (US$21; rural) and KES2,648 (US$45; urban) per adult per month (1997 prices). The poverty gap is the extent, measured as a proportion of the poverty line,
to which a given group of poor people’s consumption level falls below the poverty line. The squared poverty gap is the average of the squared values of the poverty gaps for different groups of poor people. KES = Kenyan shillings. Blank cells = not applicable.

Poverty–growth elasticities, 2006–2015
National poverty rate
Rural poverty rate
Rural poverty gap
Rural squared poverty gap
Urban poverty rate

Final year poverty rate in 2015 (percent)
National poverty rate
Rural
Urban
Lowlands
Midlands
Highlands
Metropolitan
National poverty gap
National squared poverty gap

Outcome

Population
share, 2003
(percent)

Table 4.5—Poverty outcomes under growth scenarios
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In the agriculture-led scenario, growth in the agricultural and food processing sectors is increased, while additional growth in the industry-led scenario comes from
mining, nonfood manufacturing, and construction. Although the two scenarios try
to target the same overall GDP growth rate, the required sectoral growth rates differ
in the two scenarios because of their sizes and growth linkages in the economy.
For instance, to raise GDP growth rate from 3 to 4 percent per year, the growth rate
of agriculture has to increase from the baseline 3.3 percent to 7.0 percent in the
agriculture-led growth scenario (see Table 4.4). Conversely, in the industry-led
scenario, manufacturing growth increases from 2.2 to 6.5 percent per year to have
a similar overall GDP growth outcome as the agriculture-led growth scenario.
Although we assume that accelerated agricultural growth occurs in all agricultural subsectors in the agriculture-led scenario, export crops are assumed to grow
faster than other agricultural subsectors. This might possibly be due to better foreign
market opportunities, such that production of export crops is not necessarily constrained by domestic demand. In the agriculture-led scenario, rural households
benefit directly from increased agricultural incomes. In contrast, the benefit for
urban households is mainly through lower food prices, and hence an increase in
their consumption levels at a given income (that is, real consumption). Therefore,
in the agriculture-led scenario poverty in both rural and urban areas declines,
although rural poverty rate falls more (see Table 4.5). Rising incomes and expenditures are particularly pronounced among the poorest populations, as seen by the
larger decline in both the depth and severity of poverty.
In contrast, the benefits of faster nonfood manufacturing growth in both the
formal and informal sectors in the industry-led scenario are concentrated among
the less-poor households. Although faster growth in the labor-intensive light industry and construction sectors does benefit poorer urban households, urban poverty
in the industry-led scenario declines only slightly faster than under agriculture-led
growth. This modest difference is because poor urban households are less likely to
be employed in the mining and heavy manufacturing sectors and hence only
benefit indirectly through higher economywide growth in the informal service sectors. However, the overall effect of accelerating growth in light manufacturing
and construction and the spillover into services is enough to ensure that the informal
economy grows alongside the formal economy. This parallel growth drives the
decline in urban poverty but limits any positive spillovers to rural households.
Accordingly, if an additional 1 percent of overall GDP growth is led by faster growth
in nonfood manufacturing sectors, then the national poverty rate declines by 2.1
percentage points more than that in the baseline by 2015. Conversely, national
poverty declines by 9.4 percentage points if the same level of national growth is led
by the agricultural sector. This difference is reflected in the poverty–growth elastic-
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ity, whose value is –2.2 and –0.51 in the agriculture-led and nonagriculture-led
growth scenarios, respectively (see Table 4.5).
Not only does agriculture-led growth reduce poverty more than nonagricultureled growth does, agricultural growth can also generate more economywide growth
through its linkages to the nonagricultural sectors, particularly the informal nonagricultural sectors, such as rural nonfarm economic activities. In contrast, agricultural linkages with the formal urban manufacturing sector are relatively weak,
because rural households consume fewer formal sector goods than do urban households. Thus, when an economy has a relatively large informal nonagricultural sector,
as in Kenya, agriculture has stronger growth linkages than does industry. Table 4.6
shows that agricultural multipliers are larger than those of industry and are similar
to those of services.
Different sources of growth favor different groups and regions in Kenya. Faster
industrial growth is more effective at reducing poverty in urban areas and metropolitan centers, whereas agricultural growth is more effective at reducing poverty in
regions where farm incomes are most important. Unlike industry, however, agricultural growth reduces poverty in all regions and among the country’s poorest popula-

Table 4.6—Sectoral growth multipliers under growth scenarios
Multiplier after increasing sectoral output by KES1
Sector
Agriculture
Cereals
Roots and tubers
Horticulture
Export crops
Livestock
Industry
Food processing
Light industry
Heavy industry
Construction and energy
Services
Trade
Transport
Other private services
Public services

Output

Gross domestic product

Income

4.85
5.21
5.15
5.16
4.79

2.39
2.67
2.68
2.62
2.54

2.18
2.33
2.35
2.32
2.15

4.05
4.25
3.98
4.59

1.76
1.87
1.87
2.11

1.55
1.67
1.76
1.81

4.63
4.78
4.44
4.78

2.24
2.32
2.40
2.50

1.87
2.03
1.99
2.13

Source: Authors’ calculations using the 2003 Kenyan social accounting matrix (Kiringai, Thurlow, and Wanjala
2006).
Notes: Multipliers are unconstrained, thus assuming perfectly elastic supply and fixed prices. KES = Kenyan
shillings.
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tion (that is, the gap between elasticities is even larger for the depth and severity of
poverty). These distributional effects are more clearly seen using national growth
incidence curves (Figure 4.2). These curves show the additional per capita expenditure growth for each percentile of the population ranked according to expenditure
levels. In the balanced growth scenario the curve is always positive, implying that
poverty is unambiguously declining. Furthermore, the curve is horizontal, indicating that per capita expenditure increases equally for both high- and low-income
households. Thus, inequality remains unchanged. In contrast, the growth incidence
curve under industry-led growth slopes upward, indicating that expenditure for
low-income households rises less than that for higher-income households. Although
industrial growth exacerbates inequality, the opposite is true for agricultural growth,
whose curve slopes downward. Perhaps most important, however, the growth incidence curve for agriculture-led growth is always above that of industry-led growth,
implying that all households are likely to benefit more from agricultural growth. This
is because industrial growth is more capital intensive and investment driven, thus
leading to lower growth rates in private consumption spending.
Our findings indicate that differences in the sectoral structure of growth can
have significant implications for poverty reduction. Increasing the national rate of
growth may be insufficient to significantly reduce poverty if growth generates distributional changes that isolate the poor from the growth process. The results for
the industry-led scenario are similar to the projected structure of growth under the
Figure 4.2—Growth incidence curves under growth scenarios
Annual per capita expenditure growth (percent)
2.0

1.6
Agriculture-led
1.2

Balanced

0.8
Industry-led
0.4

0.0

Low

High
Population ranked by per capita expenditure

Source: Kenyan dynamic computable general equilibrium model results.
Note: Per capita expenditure growth is in addition to the growth that occurs in the baseline.
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government’s national growth strategy ERS. Therefore, given its focus on industrial
growth, the ERS is likely to produce poverty outcomes similar to the industry-led
scenario presented here. Our results also indicate that industry-led growth could
worsen income inequality, which is already high in Kenya. This increase in inequality
was indeed observed in the few years after the ERS was implemented, with poverty
falling only slightly in rural areas but more substantially in urban ones (see Table
4.2). However, caution should be exercised, because the 2005/06 survey may not
have allowed sufficient time for ERS to be properly implemented, and so it may
reflect the effects of policies and events prior to ERS.
Although agricultural growth may be more pro-poor than industrial growth,
no single source of growth is equally effective at reducing poverty in all areas and
regions of the country. Nor should the benefits of agricultural or industrial growth
be seen to affect only rural and urban households, respectively. In the case of Kenya,
industrial growth linkages generate positive spillovers to the rural nonfarm economy,
and agriculture’s growth linkages raise real urban incomes, especially in the informal
economy. Agricultural and industrial growth are therefore not mutually exclusive.
However, our results suggest that agricultural growth should receive greater emphasis in Kenya’s future growth strategy if the country is to achieve more equitable
outcomes. Accordingly, the rest of this chapter focuses on accelerating growth in the
agricultural sector.
Decomposing the Contribution of Agriculture

Now we look within Kenya’s agricultural development and decompose the potential
contribution of different agricultural subsectors to growth and poverty reduction.
The effectiveness of the foodcrop, livestock, and export crop subsectors in reducing
poverty is again examined by raising the overall GDP growth rate from 3 to 4
percent per year. This is done by increasing their sectoral growth rates via higher
productivity. Three simulations are considered: (1) accelerated growth in foodcrops,
(2) accelerated growth in the livestock and dairy sectors, and (3) accelerated growth
in export crops. In these simulations, foodcrops include maize, sorghum, and millet;
export crops include traditional and nontraditional crops, such as tea, cotton, coffee,
and horticulture; and livestock includes beef, poultry, dairy, and other livestockrelated activities. Understanding the relationship of these subsectors to pro-poor
growth is especially important for Kenya, whose agricultural growth in recent years
has been characterized by a relatively rapid expansion in export crops and livestock
but modest growth in foodcrops and downstream processing.
Agriculture’s overall growth rate in the foodcrop scenario increases from 3.0 to
7.2 percent to generate the additional 1 percent in overall GDP growth (see Table
4.4). The additional agricultural growth is higher in the export crop scenario, and
the effect of rapidly rising agricultural exports is an appreciation of the real exchange
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rate, which undermines the competitiveness of other agricultural and manufacturing exports. Manufacturing growth therefore declines significantly in the export
crop scenario. However, despite improved agricultural productivity, rapid growth in
foodcrops creates greater competition for agricultural resources, especially land and
rural labor, and this reduces the availability of these resources for other agricultural
sectors. Accordingly, export crop growth reverses from 4 percent in the baseline
scenario to –11 percent in the foodcrop scenario. Therefore, there is definite competition over resources between foodcrops and export crops. Shifts in the composition of agricultural growth also influence how households benefit from growth.
These differences remain small at the national level, with foodcrop growth generating slightly better poverty outcomes than does growth in export crops (Figure 4.3).
However, at the subnational level there are more significant differences, with the
lowlands and midlands benefiting more from foodcrop expansion than the highlands do, which in turn benefit more from export crops.
Accelerating livestock production in the livestock scenario does not lead to
pronounced resource competition with other agricultural sectors. Growth in the
dairy sector favors the highland region. However, the impact on poverty resulting
from accelerated livestock growth is smaller than under either foodcrop or export
crop growth, especially for the depth and severity of poverty. This relationship is
evident in the relative sizes of the poverty–growth elasticities (see Table 4.6).
Although all three scenarios have large elasticities, it is foodcrop production that
strengthens the growth–poverty relationship the most. However, even though this
is true for the lowlands and midlands, it is not true for the highlands, where the
growth–poverty relationship is weakened by an expansion of foodcrops (at the
expense of cash crops). In contrast, households in the highlands benefit more in
the cash crop and livestock scenarios, albeit at the expense of lowland growth and
poverty. Therefore, although the previous section found that agricultural growth is
more pro-poor than is industrial growth, there are still trade-offs in agriculture that
can result in significant distributional changes.
In summary, a growth strategy that seeks to share the benefits of growth among
households throughout the country cannot focus agricultural growth only in certain
sectors. Such a narrow approach may successfully reduce poverty in the short term
as incomes rise for households in those regions with appropriate conditions.
However, national poverty reduction would taper off, because households in the
less-favored regions are effectively isolated from the growth process. This differential
effect is especially true in the lagging lowlands. Promoting only certain sectors without considering distributional change and regional differences can effectively exclude
sections of the population from the benefits of growth. It should also be noted that
the growth rates that would be required from export crops and horticulture if they
were solely responsible for generating additional GDP growth are unrealistically
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Figure 4.3—Changes in the national poverty rate under growth scenarios,
2003–15
Poverty rate (percent)
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Source: Kenyan dynamic computable general equilibrium model results.

high (about 10 percent per year). Therefore, over and above the need to generate
broad-based agricultural growth to ensure regional equity, it is unlikely that a strategy based on a single sector will be able to generate the levels of growth necessary to
significantly raise growth and reduce poverty.
Agricultural Investment Analysis
Public Spending and Agricultural Productivity

So far we have identified agriculture as an effective source of poverty-reducing
growth. Next we consider how public investments can be used to accelerate agricultural growth, taking into account fiscal implications. Although there are many
necessary interventions, there is some consensus in the empirical evidence. Given
the constraints to area expansion in Kenya, policies should focus on raising agricultural productivity (Nyoro and Jayne 1999). The empirical evidence suggests that
several binding constraints have lowered agricultural productivity. These include
poor access to credit and farm capital (Ekbom 1998); low use of farm inputs, especially fertilizer (Nyoro and Jayne 1999; Odhiambo, Nyangito, and Nzuma 2004);
and a lack of technical knowledge among smallholders that has limited the use of
pesticides and other farm inputs (Evenson and Mwabu 1998; Nyangito 1999).
These constraints emphasize the need for extension services over and above rural
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education, whose relationship to agricultural productivity is found to be relatively
weak (Odhiambo, Nyangito, and Nzuma 2004). Most important, increased investment in agricultural research has a strong and positive relationship to agricultural
productivity. Supporting agricultural research is therefore especially important in
Kenya, where increased rural population density has forced smallholder farmers to
transfer inappropriate technologies into new environments (Nyoro and Jayne 1999).
Taken together, improved inputs and technologies can reverse the long-run decline
in the country’s agricultural productivity. Finally, lowering Kenya’s high transport
costs through improvements in rural infrastructure, especially roads, is not only
important for improving access to input and output markets, but it is also found to
indirectly enhance the productivity of nontraded crops.
Empirical studies have found that government spending on agriculture has a
positive impact on agricultural productivity (Odhiambo, Nyangito, and Nzuma
2004). However, agricultural spending has fallen dramatically, having peaked at
about 10 percent in the early 1990s and dropping below 5 percent in more recent
years (Figure 4.4). Government projections indicate that agricultural spending will
gradually increase its share of budget allocations over the next five years, but its share
will remain around 5 percent. This allocation mirrors the emphasis of the country’s
current development strategy but contrasts with the 10 percent expenditure target
Figure 4.4—Public spending on agriculture and roads, 1991–2009
Share of total expenditure (percent)
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Note: Figures for 2002–09 are projections.
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that the government committed to under the Maputo Declaration. Expenditure on
roads has increased slightly, but even though it is impossible to isolate data for rural
roads in the figure, it is reasonable to conclude that total expenditure on agriculture
and rural infrastructure has declined over the past decade.
In this section we consider the impact and fiscal implications of increasing
agricultural spending to 10 percent of the budget. Drawing on recommendations
from the Kenyan literature, we explore two potential areas of investment in the
agricultural sector. These include raising expenditure on research and extension
(R&E) and on irrigation and water management. Although the Maputo Declaration
refers specifically to agricultural spending, we also examine the impact of increasing
investment in rural road infrastructure and strengthening market development. To
estimate these impacts, we extend the DCGE model to endogenously capture the
relationship between spending and agricultural productivity.
Modeling the Impact of Rural Investments

Modeling the impact of investments takes place in two stages (see Thurlow, Kiringai,
and Gautam 2007). First, a set of equations is specified that captures the channels
through which specific investments affect agricultural productivity. The initial estimates of key parameters are drawn from the literature. Second, the productivity
equations are integrated in the DCGE model to capture the impact of increasing
agricultural productivity on regional production and incomes, relative prices,
resource allocations, and market constraints.
The impact of investments on productivity is modeled using a set of nested
linear equations. The DCGE model contains production functions for representative producers who can represent a subsector nationally or a subsector within a
region. Although producers in the model attempt to maximize their profits by
substituting among factor inputs (for example, labor, land, and capital), the productivity of these factors will affect their returns (profitability). These total factor productivity (TFP) levels, and hence sector-level growth, are affected by public
investments. Obviously, different types of public investment affect agricultural
productivity differently, and such effects have to be econometrically estimated using
historical data. However, we are constrained by a lack of data in Kenya and so draw
on the literature. Specifically, the TFP–public-investment-growth elasticities are
drawn from Fan and Zhang (2008; Table 4.7), who used data from neighboring
Uganda. We assume the elasticities are the same across subnational regions in Kenya.
Of course, elasticities are not strictly transferable across countries. In light of Kenya’s
own circumstances, we use a slightly lower elasticity for R&E than was found for
Uganda, because there is evidence that extension services in Kenya are not as effective as elsewhere (Gautam and Anderson 1998). We use a slightly higher initial
elasticity for rural roads, because Kenya has a more extensive road network than
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Table 4.7—Elasticities in the productivity–investment function
Productivity–investment
elasticity
Investment type

Uganda

Lower

Initial

Upper

Roads

0.139

0.113

0.150

0.188

Irrigation
Extension

n.a.
0.189

0.150
0.113

0.200
0.150

0.250
0.188

Sectors affected
Crops, livestock, food processing,
and trade
Crops (excluding highlands)
Crops (excluding export crops),
and livestock

Source: Estimates for Uganda from Fan and Zhang (2008).
Notes: Upper and lower bound estimates are used for sensitivity analysis and are based on a 25 percent confidence interval around the initial (or midpoint) estimate. n.a. = not available.

Uganda has, and hence percentage stock changes are substantially larger in absolute
terms. Because the returns to irrigation were not estimated in Uganda, we assume
an initial elasticity for irrigation stocks. However, given the uncertainty associated
with each of these elasticities, we conduct sensitivity analysis assuming a 25 percent
confidence interval around initial estimates. These intervals are shown in the table
as upper and lower bounds.
Government expenditures are already captured in the DCGE model, which
tracks how revenues are raised through various taxes and then allocated across
regions and government functions (health, education, agriculture, and roads, for
example). District-level expenditure information is drawn from government sources,
and labor income data from the WMSIII was used to disaggregate the government
sector by function and region. The growth rate of public expenditures in the DCGE
model is determined exogenously for each government function. In the baseline
scenario, all expenditures grew at the same 2 percent annual growth rates. However,
in the investment scenarios that follow we increase the growth rate of each expenditure item to achieve expenditure share targets by 2015. In other words, additional
agricultural spending is not at the expense of other expenditure items but is brought
about by higher overall spending by the government. The revenues needed to
finance this additional spending are generated by increasing direct taxes on household incomes, so that the government budget deficit remains unchanged.
Increasing Spending on Irrigation and Extension

The literature identifies irrigation and water management and R&E as areas where
additional investments are needed to raise agricultural productivity. The first two
investment scenarios assess these investment options. In determining the financial
resource envelope for each scenario, we start with the initial share of total agricul-
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tural spending, which was equal to 4.8 percent of government spending in 2002
(Figure 4.5). This share comprised 0.2 percent for irrigation and 1.3 percent for
R&E; the remaining 3.3 percent was for other areas of agriculture. Because all expenditure areas grew at 2 percent per year in the baseline scenario, there was no
change in the final composition of total expenditure. However, in the irrigation scenario we gradually increase the share of government expenditure on irrigation from
0.2 to 2.7 percent during 2006–15. In the extension scenario we also increase the
share of R&E spending by 2.7 percent, so that agricultural spending as a whole is
10 percent of total spending. This scenario is equivalent to meeting the expenditure
target identified in the Maputo Declaration. It is important to note that the scenarios are cumulative, meaning that the extension scenario includes the effects of
the irrigation scenario. Therefore, the counterfactual for the extension scenario is the
irrigation scenario rather than the baseline scenario.
Increasing irrigation’s share of total spending from 0.2 to 2.9 percent is equivalent to increasing the share of irrigable land under irrigation from 5.3 percent to
19.3 percent by 2015. In the baseline scenario, the share of land under irrigation
would have risen to 6.9 percent by 2015. So in the irrigation scenario we are more
than doubling the amount of irrigated land over a period of 10 years. The impact
of increasing irrigation investment is an acceleration of agricultural growth from 3
percent per year in the baseline scenario to 3.8 percent in the irrigation scenario

Figure 4.5—Final agricultural expenditure shares under investment
scenarios, 2015
Share of total expenditure (percent)
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Source: Kenyan dynamic computable general equilibrium model results.
Note: Outcomes are cumulative (for example, “Roads” includes the expenditures from “Irrigation” and
“Extension”).
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Table 4.8—Growth outcomes under investment scenarios (percent)
Outcome
GDP factor cost
Agriculture
Cereals
Roots and tubers
Horticulture
Export crops
Livestock
Industry
Food processing
Private services
Public services

Average annual growth rate

GDP share,
2003

Baseline

Irrigation

Extension

Roads

Market

100.0
23.5
2.9
3.1
3.7
6.1
6.6
21.2
4.2
42.7
12.6

3.0
3.0
2.5
0.9
4.0
4.0
3.0
2.8
1.0
3.3
2.0

3.2
3.8
3.1
1.7
4.6
5.7
3.0
2.6
0.9
3.3
2.2

3.5
5.3
4.2
4.4
10.6
3.6
4.4
2.5
1.0
3.3
2.5

3.8
6.0
4.6
4.8
11.4
4.9
5.0
2.4
1.1
3.3
2.8

3.9
6.1
4.6
4.6
11.2
5.4
5.1
2.7
1.5
3.5
2.8

Source: Kenyan dynamic computable general equilibrium model results.
Notes: Foodcrops include all edible crops (such as cereals, roots, and pulses); cash crops include both export and industrial
crops (such as cut flowers, tea, horticulture, and tobacco); light industry includes textiles, clothing, and wood and paper products; and heavy industry includes chemicals, petroleum, and machinery. GDP = gross domestic product.

(Table 4.8). Additional spending on R&E in the extension scenario accelerates
agricultural growth by a further 1.5 percent per year. This growth comes from
increasing the share of R&E expenditure from 1.2 to 4.0 percent of total spending.
These two scenarios suggest that increasing the share of government spending on
agriculture to 10 percent would allow agriculture to reach an average growth rate of
5.3 percent during 2006–15.
This acceleration of agricultural growth in the irrigation scenario is driven by
strong growth in export crops, especially tea and sugarcane, which have better access
to foreign markets and are less constrained by domestic market opportunities.
However, despite market constraints, foodcrops and horticultural crops, especially
rice, pulses, and fruits and vegetables, grow more strongly as a result of irrigation
and improved water management. In contrast, the livestock sector remains unaffected, because productivity in this sector is not directly linked to irrigation, and
falling feed prices offset any resource competition with other sectors. However,
extension services do affect livestock productivity, and so the livestock sector grows
more rapidly than the crop sectors in the extension scenario.
Public extension services do not directly increase productivity among export
crops, because these crops typically rely on private sector schemes. Therefore, public
extension services cause resource competition between export and other sectors, and
the improved profitability of nonexport crops and livestock causes farmers to reallocate resources away from export crops. Accordingly, growth in export crops slows
from 5.7 to 3.6 percent in the extension scenario. The impact on traditional export
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crops is more pronounced, with production in tea and coffee slowing dramatically.
This dynamic emphasizes the need to partner public service provision with private
sector initiatives and—as will be seen in subsequent scenarios—to increase rural
infrastructure and market access for traditional export crops.
Faster agricultural growth resulting from additional rural investments increases
household incomes, especially in rural areas, where most households engage in
agricultural activities and therefore incomes are directly affected. Increasing irrigation and R&E spending causes the national poverty headcount to fall more than it
does in the baseline scenario (Table 4.9). Not surprisingly, rural poverty declines
more than urban poverty does in both scenarios, and this decline is concentrated in
the lowlands and midlands, because the highland region has better rainfall patterns
and hence benefits less from irrigation investments. The lowlands and midlands also
experience larger declines in poverty after improved R&E services, because these
regions are already more heavily engaged in crops that benefit greatly from extension
services, such as vegetables, wheat, and maize. Finally, although irrigation improves
rural incomes, it does little to reduce poverty in urban areas. However, extension
services reduce foodcrop prices, thereby indirectly raising real incomes and lowering
urban poverty by 0.7 percentage points by 2015. In total, the model results suggest
that increasing agricultural spending to 10 percent of total spending could lift an
additional 1.6 million people above the poverty line by 2015, compared with the
current growth path.

Table 4.9—Poverty outcomes under investment scenarios (percent)
Poverty measure
National incidence
Rural
Urban
Lowlands
Midlands
Highlands
Metropolitan
National depth
National severity

Final year incidence, 2015

Incidence,
2003

Baseline

Irrigation

Extension

Roads

Market

51.3
51.9
47.6
61
54.7
41.4
47.1
17.9
8.2

48.1
47.8
49.5
60.0
51.8
34.3
48.3
18.0
8.7

46.3
45.7
49.3
57.1
49.1
34.2
48.3
16.6
7.8

42.9
41.6
48.8
54.7
44.9
30.8
47.9
14.9
6.9

40.9
39.3
48.7
53.8
42.5
28.7
47.9
13.8
6.3

39.5
37.6
48.4
52.3
40.7
27.3
47.9
13.2
5.9

Source: Kenyan dynamic computable general equilibrium model results.
Notes: The incidence is the proportion of the population with per capita consumption below the poverty line. The microsimulation
module is based on the 1997 survey (Kenya 2000), and so the initial incidence values in the model are those for 1997. The
official basic needs poverty line is set at KES1,239 (US$21; rural) and KES2,648 (US$45; urban) per adult per month (1997
prices). KES = Kenyan shillings. The depth of poverty is the extent, measured as a proportion of the poverty line, to which a
given group of poor people’s consumption level falls below the poverty line. The severity of poverty is the average of the
squared values of the depth of poverty for different groups of poor people.
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Supporting Investments in Rural Roads and Market Development

Apart from insufficient direct agricultural investments, such as in irrigation and
R&E, the literature also identifies poor market access and inadequate rural infrastructure as binding constraints to agricultural growth and rural development.
Accordingly, we increase government spending on rural feeder roads in this scenario.
Roads increase agricultural productivity in the same manner as irrigation does in
the previous subsection. Building new roads improves on-farm productivity, and it
also enables broader market development by reducing transaction costs for rural
nonagricultural sectors. Government policies to improve rural distribution and
marketing systems will also improve productivity for rural traders. Therefore, apart
from a road investment scenario, we also consider a second scenario that simulates
the development of rural markets. This is done by increasing productivity in the
trade sector and reducing transaction costs for domestic and export agricultural
sectors. Unlike the previous scenarios, we assume that there is no cost associated
with this aspect of market development (in other words, the cost of building roads
greatly overshadows the cost of implementing market-enabling policies). Therefore,
although government spending increases in the roads scenario, it remains unchanged
in the market scenario (see Figure 4.5). In the roads scenario, we increase the
share of road expenditures in government spending by 2.7 percent, so that agricultural and new road expenditures reach 12.8 percent of total spending by 2015. We
assume that all additional spending is directed toward building rural feeder roads.
This amount is equivalent to building an additional 67,500 kilometers of feeder
roads by 2015, or alternatively, increasing Kenya’s road stock by about one-third
of its 2006 level. In the market scenario, we halve agricultural transaction costs
and increase productivity in the rural trade sector by 3 percent per year during
2006–15.
All crop and livestock sectors benefit from feeder roads. However, export and
horticultural crops benefit more than the others, because they are more heavily
marketed and thus better positioned to take advantage of expanding market opportunities. Such crops include tea, cut flowers, and fruits and vegetables. In contrast
(and with the exception of wheat), cereal and root crops experience a slower acceleration of growth, because they are more constrained by domestic demand and by
limited potential to displace imports. However, when road development is coupled
with market development, as in the market scenario, then declining domestic transaction costs foster stronger growth in cereals. This synergy occurs because improvements in domestic marketing favor the food processing sectors, which in turn
provide an expanding market for cereal farmers. Traditional exports also benefit
from lower transport costs in the market scenario.
Although it is not surprising that rural roads favors rural development, once
road investments are coupled with policies to improve market access, then the ben-
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efits of investing in rural infrastructure are more broadly distributed. For example,
national poverty declines by 2 percent in the roads scenario, but by a further 1.4
percent in the market scenario. Road and market development also reduces urban
poverty, albeit only slightly (Figure 4.6). Road investments and market development
favor poverty reduction in the midland and highland regions, which already have
strong links to urban markets. However, the lowland region also benefits, since rural
infrastructure is greatly lacking and transactions costs are initially high.
Comparing the Impacts of Different Investments

The poverty–growth and spending–growth elasticities estimated from the model
indicate that the impact of different investments on growth and poverty is variable
(Table 4.10). Increasing government spending on irrigation by 1 percent causes a
0.06 percent increase in agricultural GDP, whereas spending an additional 1 percent
on R&E and roads causes agricultural GDP to increase by 0.13 and 0.08 percent,
respectively. However, although irrigation spending is less effective at raising growth
than the other interventions, its resulting growth is more effective at reducing
poverty. A 1 percent increase in irrigation-induced growth causes national poverty
to decline by 3.9 percent, compared to 2.1 percent for R&E and 2.4 percent for
roads. Irrigation investments are also considerably more effective at reducing poverty
among Kenya’s poorest populations, as evidenced by their larger elasticity for the
rural poverty gap and rural squared poverty gap (that is, poverty measures that attach
Figure 4.6—Poverty rates under investment scenarios, 2015
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Table 4.10—Poverty–growth elasticities and benefit–cost ratios under investment
scenarios
Elasticity/cost ratio

Baseline

Irrigation

Extension

Roads

Market

Percent change in poverty from 1 percent change in GDP
Poverty–growth
National poverty rate
Rural poverty rate
Rural poverty gap
Rural squared
poverty gap
Urban poverty rate

–0.38
–0.50
–0.37
–0.25

–3.88
–4.60
–5.59
–7.57

–2.09
–2.34
–3.38
–3.79

–2.44
–2.91
–3.83
–4.17

–1.73
–2.00
–2.65
–3.28

0.23

–0.22

–1.02

–0.10

–0.49

Percent change in GDP from 1 percent change in agricultural spending
Spending–growth
Agriculture
All sectors

0.06
0.01

0.13
0.03

0.08
0.02

Kenyan shilling (KES) increase in GDP per KES1 spent
GDP benefit–cost ratios
Initial elasticity
Lower bound
Upper bound

2.6
0.7
4.5

6.3
4.1
8.6

3.0
1.6
4.4

Poor people lifted out of poverty per KES1 million spent
Poverty benefit–cost ratios
Initial elasticity
Lower bound
Upper bound

29
19
42

103
64
139

21
12
32

Source: Kenyan dynamic computable general equilibrium model results.
Notes: Upper and lower bounds on the benefit–cost ratios assume a 25 percent confidence interval around the relevant
investment-function elasticity. One million Kenyan shillings are equivalent to US$12,658 in 2003 prices. The poverty gap is the
extent, measured as a proportion of the poverty line, to which a given group of poor people’s consumption level falls below the
poverty line. The squared poverty gap is the average of the squared values of the poverty gaps for different groups of poor
people. GDP = gross domestic product. Blank cells = not applicable.

greater weight to households the farther they are from the poverty line). This differential occurs because irrigation benefits the lowlands, where poverty is more widespread and is most severe.
We estimate benefit–cost ratios for each of the investment scenarios. They suggest that the highest returns are from direct spending on R&E. For instance, every
Kenyan shilling (KES1.0) spent on R&E during 2006–15 causes GDP to increase
by KES6.3. In contrast, the return on irrigation and roads is KES2.6 and KES3.0,
respectively. Despite differing magnitudes, all investments have positive returns
(that is, all benefit–cost ratios are greater than one).
The estimated returns are sensitive to the TFP-spending elasticities that we
draw from the literature. We thus conduct a sensitivity analysis by assuming a 25
percent confidence interval around our initial estimates (see Table 4.7). The impact
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of changing the elasticities can be seen in Figure 4.7, which shows the average annual
GDP growth in each of the investment scenarios. The horizontal bars show the
agricultural and economywide GDP growth rates that are achieved under the upper
and lower bounds on the estimates of elasticity for the relevant investment. The
model results shown in Figure 4.7 suggest that the agricultural growth rate in the
irrigation scenario varies between 3.5 and 4.1 percent (averaging 3.8 percent),
assuming a 25 percent lower or higher elasticity, respectively. This sensitivity is also
evident for R&E and road investments, although it is most pronounced for the
former. It affects the estimated returns to investments. For instance, although there
is a positive return to irrigation investment based on the initial elasticity estimate,
there is a net loss under the lower-bound estimate (the benefit–cost ratio is less than
one). Furthermore, the return on R&E varies from KES4.1 to KES8.6 per shilling
spent. However, even under a lower-bound estimate, the returns are higher than for
the initial estimates for irrigation and roads. Therefore, the model results suggest
that, assuming a similar return to investments in Kenya as in Uganda and given a
relatively wide margin of error, the returns to R&E are higher than the returns to
other investments considered.
The ranking of investments changes when their impact on poverty is considered rather than on growth. Although irrigation offers lower returns to growth, it
has higher returns to poverty reduction than does road development. This result can

Figure 4.7—Average annual GDP growth under investment scenarios, 2006–15
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Source: Kenyan dynamic computable general equilibrium model results.
Notes: Outcomes are cumulative (for example, “Roads” includes the expenditures from “Irrigation” and
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be explained by considering the differences in spending–growth and poverty–
growth elasticities. The larger poverty–growth elasticity for irrigation offsets its
smaller spending–growth elasticity. However, this result holds only when it is compared with road investments. Although R&E-induced growth is less effective in
reducing poverty than irrigation-induced growth, R&E spending is considerably
more effective at raising growth. It is this combination of pro-poor and pro-growth
features that makes R&E better at reducing poverty. However, despite the strong
results for extension services, it should be remembered that irrigation spending is
more effective at reducing poverty in the lowlands, where poverty is most severe,
and that roads and market development generate broad-based agricultural growth
and benefit urban consumers along with rural households.
Conclusions

Our findings indicate that Kenya should focus its development strategy on accelerating economic growth, because in its current growth scenario, poverty will change
little over the coming decade. However, under its current structure of growth,
Kenya’s economy would have to grow by more than 10 percent per year if it is to
meet the MDG1 by 2015. Although it is clear that no single sector can lead development on its own, Kenya has to search for a growth option that is more pro-poor.
Our findings indicate that without agricultural growth, it is unlikely that significant
declines in poverty can be achieved.
The need for broad-based growth also applies to subsectors in agriculture.
Despite differences across agricultural sectors, agriculture typically generates growth
that is more beneficial to a majority of Kenyans. Agricultural growth is especially
beneficial for poorer households in less-favored regions. Therefore, it is unlikely that
the current strategy, which is not optimistic about agriculture’s growth potential,
can have a profound effect on poverty. Furthermore, an industry-led growth strategy
that does not also increase investments in agriculture will exacerbate Kenya’s already
high levels of income inequality. Even in urban areas, the gap between formal and
informal sectors means that industrial policies geared toward the formal sector are
unlikely to benefit the urban poor in large numbers. Therefore, we conclude that,
as Kenya prepares future national strategies, the country should direct greater
emphasis and resources toward accelerating agricultural growth.
We have explored how agricultural growth can be accelerated through increasing public spending on agriculture and the rural sector. We find that increasing
agricultural spending to meet the 10 percent target set by the Maputo Declaration
can lift an additional 1.5 million people above the poverty line by 2015. Irrigation
and R&E greatly accelerate growth for both food and export crops and benefit
households throughout the country. Specific investments have higher returns in
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different parts of the country. Irrigation investments favor the lowlands and Kenya’s
poorest populations, whereas R&E favors the midlands and highlands. R&E is
found to have the highest returns in terms of both growth and poverty reduction.
However, the reduction in poverty resulting from meeting the 10 percent agricultural spending target is only one-third of the reduction required to meet the MDG1.
Furthermore, increasing agricultural spending to 10 percent of total spending is
insufficient to meet the CAADP agricultural growth target of 6 percent. Achieving
this target will require additional nonagricultural investments, such as improved
rural infrastructure and rural market development. Even though building rural roads
and reducing transaction costs is an expensive option, we find that these investments
significantly reduce rural poverty and encourage growth that extends beyond rural
areas.
The total cost of increasing agricultural and rural investments to achieve the 6
percent CAADP growth target is about US$127 million per year during 2006–15
in 2003 prices. The additional spending above the 10 percent committed to under
the Maputo Declaration is US$54.9 million. However, improving the efficiency of
government investments could reduce these cost estimates. We have shown that
even slight improvements in the relationship between investment and productivity
can greatly improve growth and poverty outcomes. Therefore, although it is necessary to increase spending on agriculture, the fiscal burden of an agricultural growth
strategy can be reduced through better fiscal management and implementation.
Finally, we find that even though the 10 percent agricultural growth target set under
the CAADP initiative will cause a significant decline in poverty, it still falls far short
of halving poverty by 2015. Therefore, agricultural growth should be afforded a
more central role in Kenya’s development strategy, but it will also be necessary to
continue to encourage urban and nonagricultural growth. However, Kenya’s development strategy will have to move beyond its current overemphasis on industrialization if the benefits of future growth are to be shared throughout the population.
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9.6
8.0

Rural
economy

Contribution to national gross domestic product (percent)
54.7
33.2
4.7
24.9
6.9
87.4
5.6
60.2
68.5
19.4
2.9
11.3
69.8
15.5
5.1
15.1

Formal

Urban economy

100.0
0.7
0.0
0.0
0.0
0.0
0.1
0.6
29.5
5.7
69.8
7.3
12.2

56.3
1.7
76.2
71.8

Metropolitan
centers

Source: Authors’ calculations using the 2003 Kenyan social accounting matrix (Kiringai, Thurlow, and Wanjala 2006).
Notes: Informal economy comprises private businesses or activities in urban areas that are not registered to pay taxes. Lowlands, midlands, and highlands refer to agroecological
regions. Metropolitan areas include centers with more than 100,000 residents. GDP = gross domestic product.

100.0
100.0
100.0
100.0

GDP factor cost
Agriculture
Industry
Services

Category/sector

National
economy

Table 4A.1—Structure of the Kenyan economy, 2003
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Table 4A.2—Structure of the Kenyan social accounting matrix
Agricultural sectors

Industrial sectors

Service sectors

Factorsa
Households
Regions

Maize; wheat; rice; barley; other cereals; roots and tubers; pulses and oilseeds; fruits;
vegetables; cotton; sugarcane; coffee; tea; cut flowers; other cash crops; beef;
poultry; dairy; sheep and goats; other livestock; fishing; forestry
Meat and dairy; grain milling; sugar and bakery; beverages and tobacco; other manufactured food; textiles and clothing; leather and footwear; wood and paper; printing
and publishing; mining; petroleum; chemicals; metals and machines; nonmetallic
products; other manufactures; water; electricity; construction
Trade; hotels; transport; communication; finance; real estate; other services; public
sector (health); public sector (education); public sector (roads); public sector
(irrigation); public sector (agricultural research and extension); public sector (other
agriculture); public sector (administration and other)
Capital; agricultural land; skilled labor; semiskilled labor; unskilled labor
Disaggregated by rural/urban, four regions, and per capita expenditure deciles
Lowlands; midlands; highlands; metropolitan areas

Source: Authors.
All factors are disaggregated across regions.

a

Table 4A.3—Some assumptions in calibrating the baseline scenario in the dynamic
computable general equilibrium model

Category

Annual
growth rate
(percent) Sources and notes

Population

1.9

Rural
Urban
Labor supply

1.5
2.4
2.2

Skilled labor
Semi-skilled labor
Unskilled labor
Land supply
Capital depreciation rate

2.2
1.9
3.0
1.0
7.0

Capital–output ratio
Foreign capital inflows

2.0
1.0

World commodity prices
Public recurrent spending

–0.5
1.5

Kenya (2000) and World Bank (2010). Baseline assumes a slowdown in
urbanization and overall population growth (as per observed trends).

Skilled and semi-skilled growth rates are based on weighted rural/urban population growth rates. Unskilled labor supply is endogenous, based on labor
demand (shown here only for comparison).

FAO (2010). Calibration is based on average area growth, 1990–2004.
Onjala (2002). Value is higher than Odhiambo, Nyangito, and Nzuma (2004)
but produces a consistent capital stock growth rate.
World Bank (2010). Measured as the change in terms of trade and current
account.
The value is the average growth rate for 2000–04.
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Chapter 5

Ethiopia
Xinshen Diao, Alemayehu Seyoum Taffesse, Paul Dorosh,
James Thurlow, Alejandro Nin Pratt, and Bingxin Yu

A

griculture is perhaps the most important economic sector for sustainable
development and poverty reduction in Ethiopia. More than 85 percent of
the population live in rural areas and depend crucially on agriculture for
their livelihoods. The sector also accounts for more than 40 percent of national gross
domestic product (GDP) and 90 percent of exports, and it provides basic needs and
income to more than 90 percent of the country’s poor population. In recent years
the agricultural sector has driven economic growth in the overall economy while also
improving food security and reducing poverty (World Bank 2007).
Although Ethiopia remains an agrarian economy, its agricultural development
has been challenged by a large and rapidly growing population combined with
limited and deteriorating land resources. Agricultural growth has also fluctuated
considerably and, until recently, positive growth was rarely maintained for more
than three consecutive years. There have thus been many doubts about agriculture’s
potential contribution to economic growth and poverty reduction in the country.
Although the role of agriculture in leading industrialization and economic transformation has been debated for many years, it has remained fairly political and has not
been well served by rigorous empirical evidence. As the second largest country in
Africa, one of the key questions dominating the policy debate has been the con-

This chapter is based on research conducted under the project “The Economic Importance of
Agriculture for Sustainable Development and Poverty Reduction,” managed by the Organization for
Economic Cooperation and Development. That study was financed by the Government of the
Netherlands. Any errors are the responsibility of the principal authors.
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straints that the diminishing size of farm plots is imposing on agriculture’s growth
potential. Moreover, although most of the population, particularly the poor, lives
in rural areas, some observers doubt whether small-scale agriculture can continue to
significantly reduce poverty.
Even among agriculture’s proponents debate exists about what kind of agricultural growth should be pursued. Should the government promote large-scale
agriculture, which is perhaps more likely to adopt modern technology and thus be
more productive and competitive? Alternatively, should the government focus on
smallholder agriculture, which might benefit the rural population more directly?
More specifically, should specific policy supports or interventions focus on exportled agriculture targeting niche foreign markets, or should staple crops and livestock
be emphasized to encourage broader-based agricultural growth? This chapter contributes to this ongoing debate in Ethiopia by evaluating the role of agricultural
growth in future economic transformation and poverty reduction. The analysis
below quantitatively measures agriculture’s economywide linkages and the impact
of growth in different agricultural subsectors on poverty reduction. As with other
chapters in this volume, the analysis makes use of a spatially disaggregated recursive
dynamic computable general equilibrium (DCGE) model (see Chapter 2).
The chapter is structured as follows. We first review Ethiopia’s national development strategies and the recent performance of its agricultural sector. We then
describe the structure of the Ethiopian DCGE model and the data sources used
during calibration. The model results are then presented for the baseline growth
scenario and the accelerated agricultural growth scenarios. Unlike other case studies
in this volume, no detailed investment analysis is done for Ethiopia. However, the
final section draws together our findings and summarizes their implications for
future national and agricultural development strategies in Ethiopia.
Agriculture in Ethiopia
Overview of Agricultural Policies and Development Strategies

Although Ethiopia has experienced three major political regime changes in recent
history, the importance of agriculture has been recognized by each government
throughout this period. However, the policies pursued by successive administrations
have resulted in very different outcomes. Only over the past two decades has the
country’s agricultural development strategy become more focused and policies more
consistent with promoting sustainable improvements in agricultural productivity.
The Derg regime (1975–1991) was characterized as an agrarian socialist regime
with widespread government controls in all economic spheres, including agriculture. After overthrowing the imperial regime of Haile Selassie, the Derg announced
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an agrarian reform program in which all rural land was made the property of
the state. Almost all other assets in the industrial and services sectors were nationalized, including factories, financial institutions, large hotels, and many residential
buildings.
The agrarian reform prohibited all tenancy relations and provided a large number of rural households with access to land for cultivation. However, restrictions on
plot size per family, prohibition of hired agricultural labor, intensification of collectivization, establishment of large-scale state farms, and a series of other antimarket
and state-controlled economic instruments created negative incentives for farmers
and distorted market mechanisms guiding land allocation and productivity improvements. Although this central planning development strategy identified agriculture
as a key engine of growth and targeted improved food security and agricultural
productivity, most of these targets remained on paper, and few were achieved. As a
result, the economy was approaching a macroeconomic crisis by the end of the Derg
regime—a fact that was compounded by the onset of Ethiopia’s worst famine on
record in 1984.
Weak policies and political repression during the Derg period not only generated disastrous economic outcomes but also led to civil conflict. The Derg regime
collapsed in 1991, and the Ethiopian People’s Revolutionary Democratic Front
(EPRDF) assumed power. The years that followed witnessed a radical shift in government policy. Both the transitional government (1991–94) and the EPRDF
government initiated extensive economic reforms, including market liberalization
and a structural adjustment program. At the macro level, import protection was
reduced, foreign exchange controls were eased, and state-owned enterprises were
privatized, including banks. In agriculture, cooperative membership was made
compulsory, grain delivery was discontinued, and fertilizers subsidies were discontinued. Consequently, the direct role of the state in economic activity declined
dramatically.
The most important development strategy that emerged under the transitional
government was the adoption of Agriculture Development Led Industrialization
(ADLI), which has remained a central component of the current government’s
development program until recent years. ADLI focuses on the productivity growth
of small farms and on labor-intensive industrialization. This strategy has been justified by agriculture’s large contribution to national income, employment, and
exports, and by the gaps between rural and urban incomes.
Consistent with ADLI, in the mid-1990s, the government refocused its policy
reforms from market-based mechanisms (“getting the prices right”) to more active
public investment in agricultural extension aimed at boosting productivity through
the widespread introduction of modern technology (MOFED 2002). An extensive
extension program—the Participatory Demonstration and Training Extension
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System (PADETES)—was implemented, and through this system, the government
delivered off-the-shelf packages of fertilizer, improved seed, and credit, as well as
information on input use and better agricultural practices to most rural smallholders. The promotion of the credit–fertilizer package was accompanied by further
liberalization of fertilizer markets. By 1997, fertilizer subsidies were completely
removed, and retail prices were fully liberalized, which also resulted in higher fertilizer prices. Fertilizer use increased, although diffusion and adoption rates remained
disappointing, despite the vigorous promotion of the credit–fertilizer packages.
Overall, agricultural output continued to fall behind population growth.
Acknowledging the limited success of PADETES, the government revisited the
program and formulated an integrated rural and agriculture development strategy
that was launched in 2002. The new strategy—officially known as the Sustainable
Development and Poverty Reduction Program (SDPRP)—centered on the goal of
poverty reduction (MOFED 2002). In line with SDPRP, the government introduced fiscal decentralization, judicial and civil service reform, and public sector
capacity building. After the continuing evidence of widespread food insecurity during the drought of 2002/03, the government also implemented social safety nets,
programs to build the assets of food-insecure households, land resettlement, and soil
and water conservation (especially water harvesting).
The SDPRP, which covered the three years between 2002/03 and 2004/05, was
the first full Poverty Reduction Strategy Paper (PRSP) developed and implemented
by the Ethiopian government. It was followed by the current PRSP titled “Plan for
Accelerated and Sustained Development to End Poverty” (PASDEP). PASDEP
formed Ethiopia’s guiding strategic framework for the five-year period 2005/06–
2009/10 (MOFED 2005). PASDEP aims to significantly accelerate growth via the
commercialization of agriculture and the promotion of private sector development.
It focuses on several areas in setting its targets and designing interventions, including
adopting a geographically differentiated strategy, addressing population growth,
expanding and improving infrastructure, managing risk, and creating employment
(MOFED 2005). The instruments to achieve these goals include farm-to-market
roads, agricultural credit, extension services, national business plans tailored to
specialized export crops (for example, spices, cut flowers, fruits, and vegetables),
irrigation and multipurpose dams, land tenure security and provision of land for
large-scale commercial farming, and reforms to improve the availability of fertilizer
and seeds.
Recent Agricultural Performance

In recent years policy reforms, agricultural investments, and public service provisions have boosted agricultural production, particularly cereals. After 2003, Ethiopian
agriculture witnessed its most rapid growth period in history. As Figure 5.1 indi-
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Figure 5.1—Per capita agricultural GDP in Ethiopia, 1981–2009
Growth per capita (constant 2000 US$)
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Source: Authors’ calculations using World Bank (2011).
Note: GDP = gross domestic product.

cates, this rapid growth has continued for at least six years, until 2009 (the last
year for which data are available). Even excluding the highest growth rate of 17
percent in 2004, which reflects recovery from a major drought in 2002/03, the
average annual growth rate during 2005–09 is 9.5 percent. The accuracy of these
production numbers is of some concern, and a rigorous, comprehensive investigation into the sources of such rapid agricultural growth has not yet been conducted. Some evidence to support rapid agricultural growth comes from the
agricultural sample surveys, whose measured cereal production growth is consistent
with agricultural GDP growth rates. This recent performance has reversed the threedecade downward trend in per capita agricultural GDP.
Cereals are the dominant staples for most Ethiopians. They account for 62
percent of average daily calorie intake and for 45 percent of food expenditure for an
average household. Thus, cereals, including barley, maize, teff, sorghum, and wheat,
are the most important crops in Ethiopian agriculture. Although 64 percent of
agricultural value-added comes from crops, more than 70 percent of cropland is
devoted to cereal production. More than 11 million smallholders engage in cereal
production, and total cereal production was 13.6 million metric tons in 2007/08—
an increase of 4.8 million metric tons over production in 2003/04 (Table 5.1).
Total cropland area allocated to cereals also expanded by 27 percent, from 6.8 million hectares in 2003/04 to 8.8 million hectares in 2007/08. At the same time,
average cereal yield exhibited a 22 percent growth from 1.3 mt/ha in 2003/04 to
1.6 mt/ha in 2007/08.

1,071
2,455
1,672
1,589
304
1,695
8,786
492
1,518
919
1,108
4,037
579
937
753
481
2,750

911
1,300
1,985
1,075
303
1,242
6,816

390
783
1,059
687
2,919

521
517
926
388
2,352

Output
(thousands of
metric tons)

1.11
1.81
0.81
1.24
1.17

1.26
1.94
0.87
1.61
1.38

1.18
1.89
0.84
1.48
1.00
1.36
1.29

Yield
(metric tons/
hectare)

486
661
802
401
2,350

499
1,106
1,763
1,024
4,392

985
1,767
2,565
1,425
399
1,534
8,675

Area
(thousands
of hectares)

Source: Authors’ calculation using data aggregated from Ethiopian Agriculture Sample Survey (Ethiopia, CSA 2004, 2008a, 2008b).

Produced with and without modern inputs
Barley
Maize
Teff
Wheat
Millet
Sorghum
Total
Produced with modern inputs
Barley
Maize
Teff
Wheat
Total
Produced without modern inputs
Barley
Maize
Teff
Wheat
Total

Cereal

Area
(thousands
of hectares)

2003/04

Table 5.1—Cereal production in Ethiopia, 2003/04 and 2007/08

667
1,309
917
571
3,464

688
2,441
2,076
1,743
6,948

1,355
3,750
2,993
2,314
538
2,659
13,609

Output
(thousands of
metric tons)

2007/08

1.37
1.98
1.14
1.43
1.47

1.38
2.21
1.18
1.7
1.58

1.38
2.12
1.17
1.62
1.35
1.73
1.57

Yield
(metric tons/
hectare)
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Teff is the favored staple crop for both rural and urban consumers at all income
levels and has high income elasticity of demand relative to other cereals (see Table
5A.1 in the appendix to this chapter). Not surprisingly then, more than 30 percent
of total cereal land in 2007 was allocated to teff production. The next most important foodcrop is maize, which occupies 20 percent of total cereal land, followed by
sorghum (18 percent), wheat (16 percent), and barley (12 percent). Although most
cereal crops are used as staple foods, barley is also used for local alcohol production.
In terms of volume of production in the same year (2007), maize actually ranked
first, with 3.8 million metric tons of output (teff is 3.0 million metric tons). Despite
occupying 30 percent of cereal land, teff output is only equivalent to 22 percent of
cereal output. Thus, teff is much less productive in terms of land use. Indeed, the
national average yield of maize is 2.1 mt/ha in 2007, whereas teff yields are only 1.2
mt/ha—the lowest yield among all major cereal crops. Teff is only grown in a few
countries, and its yield response to fertilizer is relatively limited, given that the
technology needed to develop high-yield teff varieties is more difficult to develop
than that for other cereal crops, which are more broadly grown and researched
around the world. This inconsistency between the technology potential and consumer preference presents a potential challenge for Ethiopian food security.
Under ADLI, the government emphasized intensification to increase agricultural production, especially through a centralized extension system to push technological packages that combined credit, fertilizers, improved seeds, and better farm
management practices. Under this program, fertilizer use almost doubled between
1990 and 2000 to 290,000 metric tons (World Bank 2007). However, the intensity
of fertilizer nutrient use per hectare stagnated in the latter half of 1990s and the
present decade. According to World Bank (2007), only 37 percent of farmers use
inorganic fertilizer, and application rates remain low at 16 kg/ha of nutrients (about
33 kg/ha for commercial products).
Following the 2002/03 drought, a large-scale food security program was scaled
up in poor and vulnerable areas, amounting to a significant share of total public
spending. More recently, weaknesses in the marketing system have been recognized,
and a new marketing strategy is being developed based on scaling-up cooperatives
and establishing a commodity exchange (and its associated institutions). As a result
of these various programs, public spending on agriculture, natural resources, and
food security increased from 5 percent of the total government budget in 1997/98
to more than 10 percent in 2003/04.
Concerted efforts to promote intensification seem to be showing some positive
results in recent years. Consistent with growth in total agricultural GDP, 2003/04–
2007/08 registered record cereal production growth in Ethiopian history. Total
cereal production increased by 54.9 percent in four years (that is, more than 10
percent per year). Against the historical trend in which almost all increased produc-

8.1
35.9
29.2
32.6
31.7
23.5
27.3

Barley
Maize
Teff
Wheat
Millet
Sorghum
All cereals

17.0
12.4
38.5
9.9
34.4
27.0
21.7

Yield
26.5
52.7
79.0
45.6
77.0
56.9
54.9

Output
30.6
68.1
37.0
71.4
41.2
41.3
49.7

Area
69.4
31.9
63.0
28.6
58.8
58.7
50.3

Yield
100.0
100.0
100.0
100.0
100.0
100.0
100.0

Output

Share of crop’s output growth
due to increase in

3.0
18.8
8.1
12.1
1.6
8.1
49.7

Area

6.9
8.8
13.9
4.9
2.3
11.5
50.3

Yield

10.0
27.6
22.0
17.0
4.0
19.5
100

Output

Share of total cereal’s output growth
due to increase in

Growth contribution (percent)

Source: Authors’ calculation using data aggregated from Ethiopian Agriculture Sample Survey (Ethiopia, Central Statistical Agency 2004, 2008a, 2008b).

Area

Cereal

Total growth (percent)

Table 5.2—Cereal growth and growth contribution, 2003/04–2007/08
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tion was accounted for by area expansion, Table 5.2 shows that about half of recent
growth has been due to yield increases. The table also presents the growth of individual crops and decomposes this into area expansion and yield increases. Among
the four main cereal crops, there are two crops, teff and sorghum, for which growth
in production is a dominant result of yield increases, which contributes to 63 and
58.7 percent of teff and sorghum output growth, respectively. Even though area
expansion is the main source of growth for maize and wheat, increases in yields still
account for 32 and 29 percent of their output growth, respectively.1
An important characteristic of Ethiopia’s agricultural sector is the high geographic concentration of cereal cultivation. Almost 80 percent of total area under
cereals is in the Amhara and Oromia regions (that is, northwest, west, southwest,
and south of Addis Ababa). This area includes a diverse set of conditions for agricultural production. The spatial conditions for crop production and access to
markets are characterized in Diao and Nin Pratt (2007) and Taffesse (2007).
Table 5.1 also separates production of the four main cereals by whether modern
inputs are used in their production. Recently, Ethiopia has witnessed a rapid increase
in modern input use, particularly fertilizer. The government’s fertilizer-promotion
policy currently focuses on the four main cereal crops, which are relatively more
responsive to fertilizer and have higher producer prices. Table 5.1 shows the result of
this program: in 2003/04, fewer than 3 million hectares used to grow barley, maize,
teff, and wheat (over 50 percent of the total area devoted to these crops) used
modern inputs; by 2007/08, the area that used modern inputs had increased
to more than 4 million hectares (over 60 percent of the total area devoted to these
four crops). In these four years, total harvest areas of these four crops increased
by 28 percent, but the areas not using modern input remained constant at about
2.3 million hectares.
Unfortunately, the observed yield difference between production with and
without modern inputs is fairly modest for all four cereals crops. With the exception
of wheat, the average yield when using modern inputs is less than 15 percent higher
than the average yield without such inputs. Even for wheat, the yield gap was 30
percent in 2003/04 but has since fallen to 19 percent in 2007/08. Although many
factors affect fertilizer efficiency, increased use of fertilizer without use of high-yield
seed varieties seems to be the most important factor. The combined use of fertilizer
and improved seed is extremely low for teff and wheat farmers. Moreover, the low
yield response to combined seed–fertilizer use indicates that the so-called “improved”
seed are not really high-yielding varieties. Further assessment is needed to understand farmer’s behavior and the constraints to promoting modern input use in
Ethiopia.
Agricultural performance in recent years also reflects the new direction taken
in the country’s development strategy (that is, PASDEP), which targets market-
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driven diversification and commercialization and the increase of private sector
exports. After improving incentives for private investment in the flower industry,
for example, more than 100 new investors entered the industry, and exports increased
to nearly US$13 million by 2005. Other investments in high-value products and
supply chains include exports of green beans to Europe and provision of higher
quality milk and poultry to local urban centers. Several of these emerging industries
involve outgrower or contract arrangements with small farmers, often linked to an
emerging indigenous entrepreneurial class of farmers and agribusinesses. Exports of
oilseeds and pulses (two traditional cash crops) have also experienced impressive
growth—increasing their value by a factor of 10 between 1997 and 2006 and demonstrating their increasing competitiveness and the uptake of new technologies.
Although coffee is still the most important export crop in Ethiopia, the combined
exports of other crops and leather has sometimes surpassed the value of coffee
exports in recent years.
The Ethiopian DCGE Model

We apply the DCGE model described in Chapter 2 to assess the contribution of
agricultural sectors to economywide growth and poverty reduction. The DCGE
model for Ethiopia was developed by Dorosh and Thurlow (2009) based on an
adapted version of the social accounting matrix developed by Ahmed et al. (2009).
Given that the Ethiopian economy is still dominated by agriculture and that more
than 80 percent of the population lives in the rural areas, special attention has
been paid to the structure of agriculture in the model. There are 24 agricultural
sectors (see Table 5A.2 in the appendix). Crop production is the most important
agricultural activity, hence the model defines five broad crop groups:
1. Cereal crops, which are separated into teff, barley, wheat, maize, and sorghum
and millet.
2. Pulses and oilseeds, both of which are aggregated crop groups in the model. In
Ethiopia, the most important oilseed crops are sesame and groundnuts.
3. Horticulture, which is separated into fruits, vegetables, and enset.
4. High-value export-oriented crops, which are separated into coffee, cotton, cut
flowers, sugarcane, tea, and tobacco.
5. Other crops, including chat and root crops.
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The model also identifies four livestock subsectors: cattle, milk, poultry, and
other animal products. The two remaining agricultural subsectors are fishery and
forestry. Within its general equilibrium framework, the model also contains detailed
information on 44 nonagricultural sectors.
To account for geographic factors, such as agroecological conditions, population distribution, production patterns, and market locations and connections, the
Ethiopian model further disaggregates each agricultural subsector into four subnational regions: Zone 1 covers the humid cereals region; Zone 2 covers the humid
enset region; Zone 3 is the drought-prone region; and Zone 4 is the arid pastoralist
region (see Figure 5.2).
Different agroecological conditions determine crop and livestock production
patterns in the four zones. Zones 1 and 2 are located in the highland region, where
rainfall is reliable and therefore crop growing periods are longer in these two zones
Figure 5.2—Agroecological zones of Ethiopia
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than elsewhere. Because Ethiopia’s agriculture is mainly rainfed, suitable rainfall
conditions explain why these two zones have high agricultural potential. In fact,
Zone 1 is the country’s grain basket: it produces 60–70 percent of the country’s
cereals. Although Zone 3 is larger than Zone 1, it has less reliable rainfall and so
only produces 25–30 percent of total production for most grain crops. The exceptions are sorghum and millet, which are relatively drought resistant. Hence, Zone
3 produces about 50 percent of these crops. Zone 4 is called a “pastoralist region,”
but only about one-fifth of national livestock is produced in this zone because of
harsh agroecological conditions and low population densities. In contrast, more
than 40 percent of livestock is produced in Zone 1, reflecting the close relationship
between crops and livestock production among smallholders in Ethiopia.
The household structure in the DCGE model allows us to conduct growth–
poverty linkage analysis. In the model, there are 12 representative household groups
that are disaggregated by the four rural zones, small and large urban centers, and
income level (poor or nonpoor status). “Poor” is defined as all households falling
into the lowest two per capita expenditure quintiles (that is, the poorest 40 percent
of the population defined at the national level). Household income elasticities are
based on estimates from the 2004/05 Household Income and Expenditure Survey
(HICES) (Ethiopia, CSA 2005; see Table 5A.1 in the appendix). Each household
questioned in HICES 2004/05 is linked directly to the corresponding representative
household in the model through a top-down consumption-based microsimulation
model (see Chapter 2). In this formulation of the model, changes in representative
households’ consumption and prices in the DCGE model are passed down to the
survey, where total real consumption for each survey household is recalculated. This
new level of per capita total consumption for each survey household is compared to
a poverty line, so that poverty headcount can be recalculated.
Both total and sector GDPs are endogenous variables, and their growth comes
from three major dynamic factors incorporated in the model: (1) growth in factor
supply, (2) change in total factor productivity (TFP), and (3) accumulation of capital through investment. By design, the supplies of skilled and unskilled labor, agricultural land, and livestock stocks are fixed in each time period, and annual growth
rates are exogenously imposed. In contrast, the supply of agriculture-specific labor
(that is, family workers) and workers with elementary occupations are flexible (that
is, they are endogenous) and depend on supply elasticities with respect to wage rates,
which endogenously change over time. Changes in TFP at the subsector level are
exogenous, whereas capital accumulation as an endogenous variable is the outcome of past investment, which is financed by private, public, and foreign savings.
Foreign savings is an exogenous variable chosen as a macroclosure to balance the
foreign account in the model. Public savings is a residual term between government
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revenue (which is an endogenous variable) and government expenditure (which is
an exogenous variable chosen as the second macroclosure to balance the government
account in the model). Finally, private savings is an endogenous variable, although
the saving rate is exogenous.
Baseline Growth Scenario

The DCGE model for Ethiopia is first used to design a baseline scenario, against
which a series of accelerated growth scenarios are compared later in the chapter.
Although economic growth rates in Ethiopia were extremely high during 2004–08,
the recent global financial crisis is expected to have dampened the country’s growth
performance during 2009–10. Given this possibility and frequent weather shocks
on agricultural production, we adopt a conservative annual growth rate as a target
for the baseline scenario. Specifically, the average growth rate during 1997–2007 is
chosen to calibrate the baseline, during which time total GDP grew at 6.1 percent
and agricultural GDP at 4.1 percent per year on average (World Bank 2011).
We choose growth rate in labor supply (except for the supply of agricultural
family workers and unskilled labor) consistent with population growth of 2.7 percent per year. The same growth rate is also chosen for the supply of livestock capital.
The agricultural land expansion rate varies between 2.3 and 3.3 percent for the four
zones (with lower growth in the two highland zones and a higher growth rate in the
other two zones). TFP growth in each agricultural subsector is chosen so that the
subsector’s growth rate tracks production trends in recent years. Overall, agricultural
GDP grows 4.2 percent in the baseline.
To understand how the choice of exogenous growth rates affects the baseline,
we present some aggregate results in Table 5.3 to explain the relationship between
factor growth and TFP change (mostly exogenous) on the one side, and resultant
economic growth (endogenous) on the other. The first row of the table reports
annual growth rates for total GDP, agricultural GDP, total value-added for cereal
production, total value-added for export crop production, and nonagricultural
GDP. These are all endogenous results from the baseline scenarios.
Under the heading “Role of labor,” the table presents the share of labor in value
terms in five types of GDP and sector value-added. For example, labor accounts for
30.4 percent of GDP (column 1), 34.2 percent of agricultural GDP (column 2),
and 26.7 percent of nonagricultural GDP (column 5). Thus, the agricultural sector
is more labor-intensive than the nonagricultural sector. The table also presents
labor’s annual growth rate. Total labor at the national level grows at 2.7 percent in
the baseline (column 1), which is consistent with recent population growth rates.
However, labor employed in the agricultural sector grows at 2.3 percent (column 2)
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Table 5.3—Decomposition of growth in baseline scenario (percent)

Category

Total
national GDP
(1)

Annual GDP growth rate
Role of labor
Share of value-added
Annual growth rate
Contribution to growtha
Role of land
Share of value-added
Annual growth rate
Contribution to growtha
Role of capital
Share of value-added
Annual growth rate
Contribution to growtha
Total factor productivity (TFP)
Annual growth rateb
Contribution to growth

Agricultural
GDP
(2)

Cereal
value-added
(3)

Export crop
value-added
(4)

Nonagricultural
GDP
(5)

6.1

4.2

4.8

5.0

7.5

30.4
2.7
13.8

34.2
2.3
18.7

51.2
2.2
23.3

51.2
2.2
22.5

26.7
3.1
11.3

18.2
3.4
10.7

37.2
3.4
30.5

48.8
2.6
26.9

48.8
2.6
26.0

51.4
5.0
47.3

28.6
2.8
19.1

1.6
28.1

1.3
31.6

73.3
5.7
63.6
2.3
49.8

2.5
51.5

1.7
25.1

Source: Ethiopia dynamic computable general equilibrium model results.
Note: GDP = gross domestic product. TFP = total factor productivity. Blank cells = not applicable.
a
Contribution of a factor to growth is the ratio of the factor’s growth to economic growth (either growth of total GDP or a particular sector’s GDP, for example, agricultural GDP) weighted by the share of the factor in an economic sector or in the whole
economy.
b
TFP growth rate is derived from gTFP = g –
wt ˙ gt , where gTFP is TFP annual growth rate; g is economic growth rate for

∑
t

GDP or agricultural GDP; wf is the share of factor f in GDP or sector GDP; and gf is this factor’s annual growth rate. Growth in
TFP is the difference between economic growth and summation of growth rates for all factors (∑t) employed in the economy.

and 3.1 percent in the nonagricultural sector (column 5). It should be noted that
sector-level labor growth is an endogenous result of the model, because most categories of workers are able to migrate between farm and nonfarm activities.
Although the nonagricultural sector is less labor intensive, more rapid growth
in this sector (7.5 percent) requires that more labor be employed in nonagricultural
production. The last row under “Role of labor” presents the contribution of labor
to growth. Labor accounts for 13.8 percent of total GDP’s annual growth (column
1) and 18.7 percent of agricultural GDP’s growth (column 2). Labor has a much
smaller contribution to nonagricultural GDP growth (11.3 percent), because this
sector is less labor intensive.
The last component of Table 5.3 (final two rows) presents TFP growth rates
and the contribution of TFP to economic growth. Although subsector-level TFP
growth rates are exogenously chosen in the model, calculated total TFP is actually
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a residual term, and hence its growth is affected by a series of endogenous variables
in the decomposition process. As shown in the final row of the table, TFP contributes 28.1 percent to overall economic growth in the baseline (column 1) and 49.8
percent to cereal growth (column 3). This result is consistent with the observation
made earlier in this chapter that yield improvements accounted for half of additional
cereal production in recent years. Even though yield measures the productivity of
land, this comparison is still meaningful, because yield increases are closely related
to the improvement in labor efficiency in labor-intensive agriculture.
One of the main objectives of this chapter is to quantitatively measure the
relationship between economic growth and poverty reduction in a general equilibrium setting. Therefore, it is necessary to further evaluate whether the poverty results
in the baseline scenario are consistent with historical trends. National poverty rates
are available from the three most recent HICES. Table 5.4 first presents these
poverty estimates and then calculates annual changes (in the final three columns).
Poverty reduction between the two most recent surveys (between 1996/2000
and 2000/05) is more rapid than that between the first two surveys. The table
reports the annual growth in per capita GDP for the same periods. Using the historical data, Ethiopia’s poverty–growth elasticity is calculated as the ratio of the annual
poverty reduction rate to the annual growth rate of per capita GDP. The elasticity
of –0.35 in the final row of the table indicates that during 1996–2000, 1 percent
annual growth in per capita GDP led to a 0.35 percent decline in the national
poverty headcount rate. The elasticity was higher during the second period (–0.71).
Assessing the differential growth rates between agricultural and nonagricultural
GDP indicates that when agriculture grows slowly (for example, it is 0.03 percent

Table 5.4—Relationship between poverty and growth in Ethiopia’s history
Value
Measure
National poverty rate
Per capita GDP
Per capita agricultural
GDP
Per capita nonagricultural
GDP
Poverty–growth elasticity

Annual change (percent)

1995/96

1999/2000

2004/05

1996–2000

2000–05

1996–2005

45.5
937
474

44.2
1,017
474

38.7
1,219
532

–0.58
1.66
0.03

–2.62
3.69
2.33

–1.61
2.67
1.17

543

687

3.24

4.83

4.03

–0.35

–0.71

–0.60

463

Source: Authors’ calculations using poverty data (Ethiopia, CSA 2005) and GDP data (World Bank 2011).
Notes: The national poverty rate is the proportion of the nation’s population with per capita consumption below
the poverty line. It is measured in percent. Per capita GDP and per capita sector GDP are measured in constant
birr. GDP = gross domestic product. Blank cells = not applicable.
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per year in the first period), the value of the poverty–growth elasticity is also low.
Thus, generally speaking, the size of the poverty–growth elasticity appears to be
related to agricultural growth rates. Later in this chapter we more rigorously examine
the relationship between agriculture- and nonagriculture-led growth and poverty
reduction.
The same method of calculating poverty–growth elasticities is used for the
baseline scenario and for other simulations discussed later in the chapter. Although
per capita GDP growth rates can be directly obtained from the DCGE model,
this is not the case for poverty headcounts, whose calculation requires the detailed
information in the household survey. As discussed above, the representative
household groups in the DCGE model are aggregates of the households appearing
in the 2004/05 HICES. The simulated changes in these household groups’ consumption of each commodity in the DCGE model are used to adjust the consumption of individual households in the 2004/05 HICEs. We then recalculate poverty
headcounts and obtain a new poverty rate for each year in the simulation period.
An important caveat of this process is that the model captures differential changes
in income and consumption across, but not within, the 12 household groups.
Bearing this caveat in mind, the baseline produces a poverty–growth elasticity
of –1.13. Thus, a 1 percent growth rate in per capita GDP reduces the poverty
rate by 1.13 percent. Although this elasticity is higher than historical trends, it is
fairly consistent with results from other African countries reported in this volume
and elsewhere.
Accelerated Growth Scenarios

The DCGE model is now used to assess the role of agriculture in economic growth
and poverty reduction. We conduct six counterfactual simulations that differ
according to the sectors driving an accelerated growth process. The first scenario is
the “cereal-led growth,” in which additional TFP growth is assumed for the five
cereal subsectors. The assumptions on TFP growth in the other subsectors remain
unchanged from the baseline, as do the exogenous growth assumptions for labor
and land. The second scenario is “export crop–led growth,” in which TFP growth
is accelerated only in the seven agricultural subsectors that are export oriented.
Similarly, the third scenario is “livestock-led growth.” The fourth scenario combines the first three into an overall “agriculture-led growth” scenario. Conversely,
the fifth scenario focuses on “nonagriculture-led growth,” and the final scenario
accelerates growth in all economic subsectors. The results and major conclusions
from these six scenarios are presented below, with our discussion focusing on four of
them: cereal-led growth, export crop–led growth, agriculture-led growth, and
nonagriculture-led growth.
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Subsector (Crop-Level) Growth, Employment and Poverty Impacts

We first discuss the scenario results of the model and analyze growth linkage effects
in a general equilibrium setting. In a static CGE model, productivity growth in a
shocked sector affects other sectors via various channels—the most important of
which is resource reallocation. Resource allocation effects can be further enhanced if
supply of some factors is flexible (for example, the existence of unemployed labor).
In our dynamic model, capital accumulation may also be affected by sectoral productivity growth when this growth causes income and savings to change, resulting in
changes in investment and new capital stocks. For this reason, when we discuss
growth-linkage effects, we analyze not only the growth multiplier but also employment creation effects. This is important, because Ethiopia is a labor-abundant economy, and so released farm labor must find employment outside of agriculture.
As mentioned above, there are two types of labor with endogenous labor supply
in our model: agricultural family labor and unskilled labor. Table 5.5 therefore pays
particular attention to these two labor categories. We note that, cereal-led growth
lowers demand for the farm labor within agriculture but does not change demand
for unskilled labor in the economy as a whole. When labor and land become more
productive in cereal production, then to produce the same amount of cereals
requires fewer of these resources. Without demand and land constraints, cereal
production could continue to increase and hence possibly create additional demand
for labor. However, cereals are produced mainly for domestic markets in Ethiopia,
and import substitution is only possible for wheat (that is, there are currently no teff
or sorghum imports, and maize imports are minimal). Thus, it is impossible for
cereal production to grow beyond the growth in domestic demand. Moreover, land
supply is fixed, and when land is released from cereal production, it is reallocated to
other crops, which creates growth-multiplier effects in the process. However, if other
crop production is less intensive in the use of family or unskilled labor, then overall
demand for these labor groups may decline. As shown in the second part of Table
5.5, the annual growth rate of cereal value-added increases to 6.6 percent in the
cereal-led growth scenario—up from 4.8 percent in the baseline. Similarly, the growth
rate of agricultural GDP rises to 4.8 percent from 4.2 percent in the baseline. However, there is only a modest acceleration in nonagricultural growth, which explains
why total unskilled labor demand did not rise when demand for agricultural labor
fell.
The final panel of Table 5.5 presents the growth multipliers for each scenario.
Our second major finding from the cereal-led growth scenario is that cereals generate strong growth-multiplier effects. A one unit increase in real cereal value-added
in 2015 causes a 1.14 unit of increase in total GDP in the same year, 0.14 of which
is the multiplier effect. However, our third major finding that most of this multiplier
effect is from increased production in other agricultural subsectors, which, as a

2.31
3.53
5.32
6.1
4.2
4.8
5.0
3.9
7.5
7.7
6.9
8.0

Baseline
scenario
2.33
3.54
5.32
6.2
4.5
4.8
7.6
3.9
7.5
7.7
7.0
8.0
0.15
1.04
96.50
0.33
3.17

88.34
10.29
1.37

Export
crops

2.30
3.53
5.32
6.3
4.8
6.6
5.0
4.0
7.5
7.6
6.9
8.0
–0.02
1.13

Cereals

94.04
2.53
3.42

2.33
3.57
5.32
6.3
4.7
4.8
5.0
5.6
7.5
7.8
6.9
8.0
0.11
1.06

Livestock

3.23

96.77

2.35
3.59
5.32
6.8
5.9
6.7
7.6
5.7
7.5
7.7
7.1
8.1
0.06
1.03

All
agriculture

Accelerated economic growth led by

93.92
6.08

2.40
3.72
5.57
7.2
4.4
4.8
5.0
4.0
7.6
9.7
8.4
10.0
0.10
1.06

Nonagriculture

Source: Ethiopian dynamic computable general equilibrium model results.
Note: GDP = gross domestic product. Blank cells = not applicable.
a
Labor supply–GDP elasticity is defined as percentage change in baseline total labor supply over the baseline GDP growth rate, both for 2015.
b
Shocked sectors are those labeled as column heads in the corresponding scenarios. For example, in the “Cereals” column, shocked sectors are cereals.

Labor supply growth rate (percent)
Agricultural family labor
Unskilled labor
Capital
Total GDP growth rate (percent)
100.0
Agricultural GDP
45.2
Cereals
13.2
Export crops
4.5
Livestock
13.3
Nonagricultural GDP
54.8
Manufacturing
5.3
Agroprocessing
2.4
Private services
32.8
Elasticity of labor supply–GDPa growth
Growth multiplier by 2015
Contribution to total GDP increase by 2015 (percent)
Shocked sectorsb
Agriculture rather than shocked sector
Nonagricultural sectors

Category

GDP share
in 2005/06
(percent)

Table 5.5—Annual factor growth rates and simulated GDP growth elasticities and multipliers

2.45
3.78
5.57
7.8
6.0
6.7
7.6
5.8
9.2
10.0
8.7
10.0
0.09

Combined
scenario

124
XINSHEN DIAO ET AL.

ETHIOPIA

125

whole, explains 10.3 percent of total GDP increase of 1.14 in that year (see the
second-to-last row of Table 5.5). Insignificant growth-multiplier effects on nonagricultural sectors are due to difficulty in labor mobility between the agricultural
and nonagricultural sectors. To create more employment opportunities in nonagricultural sectors at a given wage rate requires improving productivity in these
nonagricultural sectors, which was not considered in this scenario.
We turn next to the second scenario, in which export crops are the driving force
behind accelerated economic growth. The first finding is that the small size of this
subsector in the economy (4.5 percent of total GDP in the base year) implies that
even high growth rates in export crop value-added have only modest impacts on
national GDP. The growth rate of agricultural GDP rises from 4.2 to 4.5 percent
per year, and that for total GDP increases from 6.1 to 6.2 percent. These modest
effects on the overall economy indicate that, although there is considerable potential
to expand some export-oriented crops, its expected impact on the overall economy
would be rather limited.
The second major finding from this scenario is that the growth multipliers for
export crops are smaller than for cereals. An additional 0.04 units of GDP are created by a one unit increase in export-crop production. Moreover, the impact channels are quite different. Unlike in cereal-led growth, the nonagricultural sector is
positively affected by export crop–led growth, but the effect on other agricultural
sectors is insignificant. Results indicate that 96.5 percent of increased GDP is a
direct result of export-crop growth. Of the remaining impact channels, only 0.33
percent is attributable to nonexport agriculture, whereas 3.17 percent is due to
nonagriculture.
The third finding is that export crop–led growth creates more employment
opportunities, as growth rates in both family farm and unskilled labor increase from
baseline levels. The reason is that export crops are produced for foreign markets, and
demand in such markets is not constrained by domestic income. Without considering other constraints, such as increased trade barriers from importing countries and
physical and institutional difficulties in accessing markets, productivity growth in
export crops leads to increased demand for family and unskilled labor. Measured as
a labor-supply–GDP elasticity, a 1 percent increase in GDP led by growth in export
crops is associated with a 0.15 percent increase in total labor supply (in Table 5.5 in
the fourth column in the row for “Elasticity of labor supply–GDP growth”). This
is the highest elasticity in all of the scenarios we consider.
A comparison of the results from the first two scenarios indicates that the contribution of an agricultural subsector’s growth to overall economic growth is mainly
determined by the size of the subsector. Small subsectors may have high growth potentials but can only generate modest increases in overall economic growth. Furthermore,
although the economywide multiplier effect of a subsector is important, it should
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not be the only indicator used to explain growth linkages between agriculture and
nonagriculture, as well as within agriculture. Given that the Ethiopian government
has accorded a high priority to generating employment, promoting growth in some
sectors can create more employment opportunities, even though they may not
generate as much economywide growth. Those subsectors that face fewer demand
constraints from domestic markets and that use unskilled labor more intensively will
have greater potential to create jobs at the given level of growth.
Comparing Agriculture-Led and Nonagriculture-Led Growth

The fourth and fifth scenarios compare agricultural and nonagricultural growth. In
reality it is impossible to have either the agricultural or nonagricultural sectors grow
independently of each other. However, these two scenarios are designed to assess
possible differential effects on the overall economic growth and poverty reduction.
As shown in the first two rows of Table 5.5, growth in the aggregate agricultural and
nonagricultural sectors creates more employment opportunities both for family
farm labor and unskilled labor, whereas nonagricultural growth leads to a greater
increase in labor demand and therefore more employment opportunities than does
growth in the agricultural sector alone. Measured by the labor-supply–GDP elasticity, a 1 percent increase in total GDP led by nonagricultural growth is associated
with a 0.10 percent increase in labor supply, and the elasticity is 0.06 when agricultural growth is the leading force. Moreover, the growth multiplier in the case of
nonagriculture-led growth is higher than that of agriculture-led growth (1.06 versus
1.03). Stronger growth-multiplier effects from nonagriculture-led growth are related
to additional capital accumulation. Nonagriculture is more capital intensive than
agriculture. Increases in nonagricultural productivity leads to faster investment
growth, which generates additional demand for capital goods production. Faster
capital accumulation creates more demand for labor that can be employed by both
agricultural and nonagricultural sectors. This demand leads to higher growthmultiplier effects in this scenario. Decomposition of the multiplier effect shows that,
in the agricultural growth scenario, only 3.24 percent of increased GDP (1.03 units)
occurs in the nonagricultural sector, whereas in the nonagricultural growth scenario,
6.08 percent of the increase in GDP (1.06 units) comes from increased agricultural
GDP.
Demand-side linkages are examined in Table 5.6. The first panel in the table
presents annual consumption growth rates in the various scenarios. The commodity
groups shown in the table are aggregations from the 62 groups used in the DCGE
model, with base year prices for each individual commodity used as weights. As
shown in the table, the growth rate in real consumption is lower than the total GDP
growth rate. This is because the change in relative prices and different income elasticities across commodities cause demand growth to vary across commodities.

Cereals

5.4
4.8
4.5
5.3
3.7
6.4
3.9
1.6
73.1
1.8
19.5
1.9
0.4
0.4
10.6
0.3
0.8
1.3
0.3
0.2
7.2
0.2
0.5

5.3
4.8
4.8
3.9
3.8
6.5
10.2
20.5
7.8
7.8
53.8
1.2
0.7
2.8
0.7
0.7
1.3
1.4
0.8
3.2
0.8
0.8
1.6

1.3
2.1
0.9
2.5
1.8
0.5

6.3
10.2
4.3
12.1
9.0
2.6

29.4
6.0
25.2
19.7
19.6

6.0
6.2
5.1
5.5
5.0
6.7

6.8

0.5
0.1
0.3
–0.3
0.2
0.9

3.4
1.0
1.8
-1.8
1.3
6.6

5.2
4.6
-6.8
5.3
91.7

5.6
4.9
4.7
3.5
3.9
7.2

7.2

Nonagriculture

0.8
0.9
0.4
0.8
0.8
0.8

9.3
11.1
5.2
9.8
8.9
9.4

21.4
4.8
13.8
13.0
47.0

6.5
6.3
5.2
5.2
4.9
7.6

7.8

Combined scenario

Source: Ethiopian dynamic computable general equilibrium model results.
Note: GDP = gross domestic product.
a
Elasticity of consumption–GDP is defined as the ratio of the percentage increase in consumption from baseline to percentage increase in GDP from baseline, both for 2015.

6.3

All agriculture

Accelerated economic growth led by
Livestock

6.2

Export crops

Growth in GDP (percent)
6.1
6.3
Growth in consumption, measured by real expenditure (percent)
Total
5.1
5.4
Cereals
4.7
6.0
Export crops
4.4
4.5
Livestock
3.8
3.9
Other foods
3.7
3.8
Nonfood
6.3
6.3
Share in increased total consumption, 2015 (percent)
Cereals
76.4
Export crops
1.5
Livestock
3.0
Other foods
7.4
Nonfood
11.7
Change from baseline in 2015 (percent)
Total
2.1
Cereals
9.0
Export crops
0.4
Livestock
0.5
Other foods
1.1
Nonfood
0.5
Elasticity of consumption–GDP,a 2015
Total
1.2
Cereals
5.3
Export crops
0.2
Livestock
0.3
Other foods
0.7
Nonfood
0.3

Category

Baseline
scenario

Table 5.6—Consumption linkages in the simulation scenarios
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Comparing consumption growth rates for the first two scenarios reveals that
consumption for a group of commodities grows more rapidly when the group is
targeted in the scenario. For example, the growth rate of cereal consumption increases from 4.7 to 6.0 percent in the cereal-led growth scenario. However, in the
same scenario, livestock consumption growth only increases slightly. In contrast,
when growth is led by additional livestock productivity, livestock consumption
grows more rapidly, while cereal consumption growth rate rises only slightly. This
differential demand effect by commodity groups is due to relative prices. Accelerating
growth in a particular group of commodities causes its prices to fall relative to other
commodity groups. This growth generates additional incomes for the farmers
engaged in these subsectors, but increased consumption stemming from direct
income effects is not limited to those products for which supply increases. On the
contrary, lower prices induce more across-the-board consumption by both rural and
urban households. When accelerated growth occurs across the whole economy, relative price movements become smaller, and growth in consumption is dominated by
income effects. Thus, growth differences across commodity groups also decrease.
The second panel in Table 5.6 reports the contribution of each commodity
group to the increase in total consumption. It shows that when accelerated growth
is led by cereals, then 76.4 percent of increased total consumption is from cereal
consumption itself. When growth is led by the livestock subsectors, then livestock consumption explains 73.1 percent of total consumption increases. More
importantly, when growth is led by export crops then 53.8 percent of consumption
increases are from nonagricultural goods. Such differential consumption outcomes
will have effects on poverty reduction. For a low-income country like Ethiopia, most
of the poor population lives in rural areas, where food consumption, particularly
staple foods, is the most important component of household total expenditure
baskets (including expenditure in kind). When economic growth increases income
among rural low-income households, then staple consumption grows more rapidly
than consumption of other commodities. This differential occurs because rural poor
households have higher income elasticities for food demand than do urban and
nonpoor rural households. In the poverty–growth linkage analysis below, we show
that agriculture-led growth is more pro-poor than growth led by the nonagricultural
sector. One important reason for this is due to the different effects on consumption
growth across different scenarios shown in Table 5.6.
The final panel of Table 5.6 shows the ratio of changes in consumption to
changes in total GDP, which can be used to compare the marginal effect of growth
led by different subsectors on consumption of the various commodity groups. The
table shows that the consumption–growth elasticity is higher under agriculture-led
growth than under nonagriculture-led growth. This trend is particularly evident for
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food consumption and further emphasizes the importance of consumption linkages
when growth is led by the agricultural sector.
To further examine price effects, Table 5.7 presents the change in agricultural
product prices. The table shows that prices fall by 8–16 percent for the five cereal
products under cereal-led growth, whereas prices fall by 9–11 percent for the livestock products under livestock-led growth. When growth accelerates in both agricultural and nonagricultural sectors, then the negative price effects on agricultural
products become much smaller. In fact, prices even rise slightly for certain products.
This result indicates that agricultural policy should avoid favoring only a few
selected crops or livestock products, because there is potential to cause prices for
these products to fall so much that farmers will benefit little in terms of income
generation. The results also reveal the importance of concurrent growth in agricul-

Table 5.7—Deviation in marketed commodity prices from baseline, 2015 (baseline = 1)
Scenario

Teff

Barley

Wheat

Maize

Sorghum

Oilseeds

Enset

Cereals
Export crops
Livestock
All agriculture
Nonagriculture
All sectors

0.92
1.01
1.02
0.96
1.06
1.02

0.87
1.01
1.02
0.91
1.06
0.97

0.84
1.01
1.02
0.88
1.06
0.93

0.85
1.01
1.03
0.89
1.07
0.96

0.90
1.01
1.03
0.95
1.07
1.02

1.00
0.99
1.02
1.00
1.05
1.06

0.97
1.00
1.01
1.00
1.05
1.07

Vegetable

Fruits

Sugar

Tea

Cotton

Coffee

Cut
flowers

1.01
1.02
1.03
1.04
1.08
1.13

1.01
1.00
1.04
1.04
1.21
1.26

0.98
0.84
0.99
0.79
1.61
1.44

1.01
0.91
1.03
0.95
1.15
1.10

0.99
0.68
0.98
0.67
1.60
1.04

1.00
0.96
1.02
0.97
1.05
1.02

1.00
0.99
1.02
1.01
1.03
1.04

Cattle

Poultry

Milk

Meat and
oil products

Dairy
products

Milled
grains

Other
foods

1.00
1.01
0.90
0.92
1.09
1.00

1.00
1.01
0.91
0.92
1.09
1.01

1.00
1.01
0.89
0.91
1.09
0.99

1.00
0.98
1.03
1.01
0.99
1.00

1.00
1.01
0.90
0.91
1.09
0.99

0.99
1.00
1.02
1.02
1.00
1.03

1.00
0.98
1.03
1.01
0.98
0.99

Scenario
Cereals
Export crops
Livestock
All agriculture
Nonagriculture
All sectors

Scenario
Cereals
Export crops
Livestock
All agriculture
Nonagriculture
All sectors

Source: Ethiopian dynamic computable general equilibrium model results.
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tural and nonagricultural sectors for stabilizing agricultural prices—an important
linkage effect that can only be observed in a general equilibrium analysis.
Decomposing Agricultural Growth’s Impact on Poverty

Accelerating economic growth is often the primary focus of policy interventions in
low-income countries like Ethiopia, because only rapid growth can enable the
country to catch up with the rest of the world. The previous subsection showed the
importance of agriculture in generating overall growth and demonstrated that this
importance is not only because of the size of agriculture. Rather, the importance of
agriculture is also due to its strong linkages to the rest of the economy, particular
consumption linkages, which allow growth to directly benefit a majority of the population and increase consumption levels. In this subsection, we focus on the impact
of growth on poverty reduction, one of the most important goals for all developing
countries.
Although growth is generally good for the poor, opportunities for them to
participate in growth varies, depending on the type of growth. The growth–poverty
linkage analysis addresses this issue and measures what kind of growth creates more
job opportunities for the poor. We use similar scenarios to those from the growth
linkage analysis to evaluate the linkages between growth led by different subsectors
and poverty reduction. Although income distribution influences the effectiveness
of growth on poverty reduction, we are unable to analyze its effect in the current
model structure. That is to say, we generally assume that the income distribution,
particularly the distribution in each representative household group, does not
change over time for different types of growth. Although this caveat of the model
may lead to an overestimation of growth’s contribution to poverty reduction, it will
not be a problem when the focus of the analysis is to compare growth–poverty linkages across different scenarios designed in the model. We explain this argument
below.
To compare the effectiveness of growth led by different subsectors on poverty
reduction, it is important to make sure scenarios are comparable. Because of the
different sizes of the subsectors, the same growth rate at the subsector level can have
very different impacts on national economic growth and poverty reduction. It is
unlikely that a small subsector will cause large reductions in poverty, even if this
small sector grows rapidly. To address this comparability issue, we focus on the linkage between overall economic growth and poverty reduction. The poverty–growth
elasticity is calculated using the same formula as before (the percentage change in
the national poverty rate caused by 1 percent growth in per capita GDP).
According to 2004/05 HICES (Ethiopia, CSA 2005), the country’s reported
national poverty rate was 38.7 percent in 2005. This poverty rate is consistent with
the standard US$1.25 per capita per day international measure of poverty. As
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expected, the rural poverty rate is similar to the national poverty rate, because more
than 80 percent of the population lives in rural areas. The rural poverty rate is 39.3
percent, and the urban rate is slightly lower (35.1 percent).
It is widely anticipated that Ethiopia is unlikely to meet the first Millennium
Development Goal of halving poverty by 2015, which requires the poverty rate fall
to 23 percent by 2015. We first use the Ethiopian model to simulate baseline poverty
reduction, consistent with the baseline growth simulation. According to our results,
the national poverty rate will fall to 28.6 percent by 2015 (Table 5.8). Obviously,
Ethiopia needs to not only accelerate the level of growth but also find ways to enhance the benefits of growth for its poor. In other words, it is important to identify
the composition of growth that is most effective at reducing poverty. In this regard,
it is necessary to consider the relative importance of agriculture and industry in
helping the country significantly reduce poverty.
Using the same six scenarios discussed above, the growth–poverty linkages are
used to compare the effectiveness of additional growth in reducing poverty under
different growth assumptions. The poverty–growth elasticity is calculated for each
scenario based on growth in total GDP rather than on the sector’s GDP. Table 5.8
shows the poverty rate by 2015 in each scenario. For example, the national rate falls
to 28.6 percent in 2015 in the model’s baseline, and the rural and urban poverty
rates fall to 29.6 and 23.5 percent, respectively. With one exception, all poverty rates
fall more in the six accelerated growth scenarios. The national poverty rate falls
to 23.9 percent in 2015 in the sixth growth scenario (all sectors combined)—a
poverty rate that nearly achieves the country’s first Millennium Development Goal.
The second panel of Table 5.8 reports the additional number of people lifted
above the poverty line by 2015 in each growth scenario. About 25 million people
were living below the poverty line in 2005. The baseline scenario lowers this number
to 24 million. Considering that the population will grow by 19.5 to 20 million over
the 10-year simulation period (with a 2.7 percent population growth rate), the
decline in the absolute number of poor under the baseline seems to be an optimistic
scenario. The model results also indicate that about 60 percent of the reduction in
the number of poor occurs in rural areas (not shown in the table). The model therefore reports more optimistic poverty reduction in urban areas, where the poverty
rate falls to 23.5 percent by 2015—an 11.6 percentage point reduction from its level
in 2005. The final row of the table reports poverty–growth elasticity, which was 1.13
in the baseline. We have mentioned in previous subsections that this elasticity is
higher than that calculated using historical data, but it is comparable to those of
other countries derived using similar methods.
We now assess how different sources of growth affect poverty reduction rates differentially. We start with the agriculture-led and nonagriculture-led scenarios. As discussed above, the annual GDP growth rate is 6.8 and 7.2 percent in the agriculture-led

Base year
value

Baseline
scenario
Cereals
27.9
29.0
22.5
600
460
140
76.6
23.4
–1.41

422
328
94
77.8
22.2
–1.16

Livestock

28.1
29.2
22.9

Export
crops

87.6
12.4
–1.05

3,194
2,799
395

24.8
25.6
20.7

All
agriculture

Source: Ethiopian dynamic computable general equilibrium model results.
Notes: The poverty rate is the proportion of the population with per capita consumption below the poverty line. Blank cells = not applicable.

Poverty rate by 2015 (percent)
National
38.7
28.6
26.1
Rural
39.3
29.6
27.0
Urban
35.1
23.5
22.1
Additional people lifted out of poverty by 2015 relative to baseline (thousand)
National
2,075
Rural
1,871
Urban
204
Share of reduction in absolute numbers of the poor by 2015 (percent)
Rural
90.2
Urban
9.8
Poverty–growth elasticity
–1.13
–1.40
–1.16

Category

Table 5.8—Changes in poverty rates and poverty–growth elasticities

110.6
–10.6
–1.24

1,357
1,502
–145

27.0
27.5
24.5

Nonagriculture

92.5
7.5

3,922
3,629
294

23.9
24.4
21.5

Combined
scenario
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and nonagriculture-led scenarios, respectively (see Table 5.6). Although overall
economic growth is higher in the nonagriculture-led scenario, more poverty reduction occurs in the agriculture-led scenario. As indicated in the first row of Table
5.8, the national poverty rate falls to 24.8 percent by 2015 in the agriculture-led
scenario, but it remains at 27 percent in the nonagriculture-led one. A different way
to present these differential effects of growth on poverty is to calculate the number
of additional poor people lifted above the poverty line. The comparison shows that
the agriculture-led scenario lifts 1.8 million more people out of poverty than does
the nonagriculture-led scenario. A more accurate comparison is to compare poverty–
growth elasticities. The elasticity is –1.41 and –1.05 in the agriculture-led and
nonagriculture-led growth scenarios, respectively. Economic growth driven by agriculture is therefore far more pro-poor than nonagricultural growth.
For nonagriculture-led growth, the poverty rate in urban areas rises by 2015
from its baseline level in the same year. To understand this counterintuitive result,
we compare changes in real disposable income, measured by total expenditure in
real terms (that is, at the same level as base-year prices), for poor and nonpoor households in rural and urban areas. Table 5.9 shows that for nonagriculture-led growth,
real incomes for poor urban households fall from their baseline levels in 2015, while
those of rural poor households increase. Without simultaneous growth in the agricultural sector, agricultural product prices rise in this scenario (fourth row in Table
5.7). If the increase in nominal incomes for some poorer urban households does not
keep up with rising food prices, then their real incomes will fall. This reduction leads
to declining real consumption and causes some poor urban households, which were
lifted out of poverty in the baseline, to now fall back into poverty.
This result has important policy implications for the promotion of nonagricultural growth. Ensuring the participation of the poor is important for any
growth strategy, but it is equally important to pay attention to possible food price
increases during the growth process. This perverse growth outcome has been recently observed in many developing countries where high nonagricultural growth has
Table 5.9—Change in total real expenditure from baseline, 2015 (percent)
Category
Total
Rural poor
Rural nonpoor
Urban poor
Urban nonpoor

Cereals

Export
crops

Livestock

All
agriculture

Nonagriculture

Combined
scenario

2.11
2.97
2.17
1.89
0.90

1.16
0.81
1.47
1.03
0.76

1.90
1.85
1.73
2.81
2.18

6.26
6.90
6.95
6.34
3.41

3.38
4.05
4.60
–1.38
0.49

9.32
10.67
11.21
5.15
3.46

Source: Ethiopian dynamic computable general equilibrium model results.
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been accompanied by food price inflation. Ethiopia appears to have shown this same
outcome during its recent growth period, which may partly explain why rapid
growth has not significantly reduced poverty in urban areas.
Conclusions

Ethiopia has embarked on an agriculture-led growth strategy to meet the challenges
of accelerating national growth and poverty reduction. Three sets of questions
around the importance of the agricultural sector were highlighted as being relevant
to the implementation of this strategy. Which sectors have large prospective linkages? What are the growth and poverty-reduction potential of these sectors? What
policy interventions are needed to unlock their growth potential? We have applied
the DCGE model described in Chapter 2 to address these three policy questions for
Ethiopia. Several key messages can be drawn from our analysis.
First, the importance of agriculture relates to its size in the economy. Although
the agricultural sector is unlikely to grow faster than many nonagricultural subsectors, due in part to its greater dependency on nature, its size is much larger than
the nonagricultural sector in Ethiopia. The country’s economic history shows that
GDP growth is strongly correlated with agricultural growth. The DCGE model
showed that agricultural growth, even when it is slower than nonagricultural growth,
directly contributes more to overall economic growth. Moreover, certain large staple
subsectors drive the agricultural sector as a whole. In contrast, some nontraditional
export crop sectors may be able to grow very rapidly, but this growth will be from
a small base and so is unlikely to translate into significant sectorwide growth. For
this reason, overall agricultural growth must primarily come from growth in the
staple subsectors.
Second, the importance of cereal production in overall economic growth is due
not only to its size but also to its strong multiplier effects. The model shows that
cereal-led growth has the largest multiplier effect and is a driver of growth in other
agricultural subsectors.
Third, there exists a certain limitation to cereal-led growth for job creation. In
fact, productivity-led growth in the cereal sector will release labor from agriculture,
which requires that other sectors of the economy absorb more labor. Because Ethiopia
is a labor-abundant economy with rapid population growth, it is necessary to pay
attention to limited job creation potential when promoting cereal production. Export
crops, in contrast, may have smaller growth multipliers, but they create more employment opportunities, because they face less stringent demand constraints and relatively
stronger linkages with market activities (including trade and transport).
Fourth, the growth multiplier effect is higher in the nonagricultural sector than
it is in the agricultural sector as a whole. These enhanced multiplier effects are related
to the current structure of Ethiopia’s nonagricultural sector and the growth assump-
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tions of the model. In the model’s simulation, additional nonagricultural growth
mainly comes from manufacturing and private services. Agroprocessing is one of
the most important components of manufacturing in Ethiopia, and private services
are primarily for meeting domestic demand. Thus, accelerated growth in these
nonagricultural subsectors is expected to create demand for agricultural goods, both
through production and consumption linkages. Moreover, such nonagricultural
growth is good for job creation, because it increases labor demand in both agricultural and nonagricultural sectors. However, more private investments and higher
growth rates in capital accumulation are the preconditions for greater multiplier
effects and job creation in the nonagricultural sector. Incentives for the private sector
to invest can be discouraged in a business environment that has institutional barriers. These will constrain nonagricultural growth led by the private sector and hence
limit job creation. The model did not consider these constraints, which should
ideally be taken into consideration for Ethiopia.
Fifth, real prices for staple crops and livestock products are expected to fall when
growth in these agricultural subsectors is faster than growth in other sectors of the
economy. Urban consumers as well as farmers who are net buyers of foodcrops and
livestock products will benefit from such declines in prices. Conversely, farmers who
are net sellers of these products will be hurt by lower incomes. Thus, it is essential
to pay close attention to any potential negative effects on famer income induced by
falling prices when agricultural policies favor only a few crops or livestock products.
The simulation results also reveal the importance of concurrent growth of agricultural and nonagricultural sectors for stabilizing agricultural prices—an important
linkage effect that can only be observed though general equilibrium analysis.
Sixth, the impact of growth on poverty is larger when economywide growth is
driven by agriculture rather than by nonagriculture. Agriculture-led growth can lift
1.4 times more people out of poverty than the same amount of nonagriculture-led
growth.
Finally, nonagriculture-led growth can become less pro-poor even in urban
areas when such growth causes domestic food prices to rise. This result has important policy implications when promoting nonagricultural growth. Although the
participation of the poor in the growth process is important for promoting any form
of growth, it is equally important to pay attention to possible food price increases
from neglecting agriculture. This kind of growth outcome has recently been observed
in many developing countries where high nonagricultural growth has been accompanied by food price inflation. It may also explain the slowdown in poverty reduction in Ethiopia’s urban areas.
This chapter quantitatively measured growth linkages and growth–poverty
relationships by assuming that economywide growth is driven by accelerated growth
in different sectors or subsectors of agriculture. Nevertheless, it is not the intention
of this analysis to prioritize particular sectors for Ethiopia’s growth strategy. Rather,
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our analysis reveals differential roles for economic sectors in generating both growth
and poverty reduction and hence displays their interdependence during the development process.
Government policies and public investments are important conditions for
productivity-led growth in the economy. However, they are not assessed in this
chapter. Moreover, to stimulate the same level of economic growth across different
subsectors may require different levels of public investment. We did not use the
Ethiopian DCGE model for cost–benefit assessment. Moreover, growth at the subsector level is not necessarily the result of public investment. Investment by the private
sector is often the dominant force in generating growth in the nonagricultural sector
and in export-oriented high-value agriculture. In this case, the existence of a dynamic private sector requires policy supports and appropriate institutional environments. These factors are often more important for capital accumulation than public
sector direct intervention.
In the agricultural sector, both better incentives and improved production
conditions are needed to provide farmers with more opportunities to diversify and
consequently to transition many crops currently grown for subsistence into marketable commodities and cash income opportunities. Policies and public investments
that will help improve agricultural production and market conditions and encourage farmers to improve land and labor productivity are also necessary. The main
elements of the Ethiopian government’s approach to improving market connectivity
have focused on the crucial areas of liberalizing markets and improving roads, especially major highways. Liberalization has improved the functioning of grain markets
after the interventionist policies of the Derg, particularly in regions that produce
surplus grain (World Bank 2006). The government has recognized that a dramatically improved road network is a prerequisite for enhanced growth in agriculture
and for fostering urban–rural linkages. However, transport costs for farmers and
traders remain high, despite a significant effort over the past decade on road construction. This is in part because most farmers lack feeder roads to the main networks, and roads are long-term and costly investments that do not improve yields
or generate positive returns quickly. However, it is broadly accepted that growth in
the agricultural sector is constrained by the service sector, including trade, transport,
and financial and business services. Improvements in these market-related services
will strengthen intersectoral linkages and increase growth-multiplier effects.
Moreover, reducing marketing costs benefits smallholders by increasing the net
prices they receive for their goods, thereby raising incomes. Improving market conditions also creates a more efficient trading sector, which itself can increase nonagricultural incomes without necessarily raising costs.
Looking beyond road investments, supportive policy measures are also needed
to develop functioning markets. Institution building and attention to risk, information, and distortions related to food aid are also critical (Gabre-Madhin 2001). The
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government’s recent emerging-market strategy has resulted in a central commodity
exchange to address problems of market information and transaction costs and risks
and to exploit scale economies through cooperatives (Gabre-Madhin and Goggin
2006). However, the outcome has so far not been as positive as expected, because
other policy and institutional barriers have constrained market participation in the
private sector. Many policy measures in other sectors, such as extending mobile
phone coverage to rural villages or subsidizing the purchase of radios, could also
have substantial impacts on market responsiveness and connectivity. Similarly,
innovative approaches are needed to help farmers meet the new challenges of participating in global markets—particularly meeting quality and safety standards.
In conclusion, exploiting potential growth linkages and fostering greater poverty reduction and structural transformation require a diversified or balanced growth
strategy that encompasses agricultural staples and export crops. The findings in this
chapter imply that the current emphasis on ADLI is, in principle, warranted.
However, our results also show that an exclusive focus on agriculture, and particularly on a few selected agricultural subsectors, is often counterproductive. Such focus
would at best lead to suboptimal outcomes in growth and poverty reduction. The
greater comprehensiveness of the new PASDEP strategy suggests that policymakers
may have learned that lesson.
Appendix

Table 5A.1—Income elasticities of demand used in the Ethiopian dynamic
computable general equilibrium model
Category
Maize
Wheat
Teff
Other cereals
Root crops
Pulses
Oilseeds
Enset
Vegetables
Fruits
Sugarcane
Chat
Coffee
Tobacco

Rural

Urban

0.70
1.00
1.10
0.70
0.50
0.75
0.80
0.70
0.50
0.50
0.75
0.70
0.60
0.70

0.50
0.66
0.70
0.50
0.70
0.60
0.50
0.50
0.75
0.75
0.60
0.50
0.60
0.50

Category
Cattle meat
Poultry
Milk
Other meats
Fish
Processed foods
Beverages
Textiles
Other manufactures
Construction
Utilities
Trade and transport
Restaurants
Other private services
Public services

Rural

Urban

0.80
0.75
0.75
0.50
0.70
0.80
0.50
1.20
1.20
0.90
1.00
1.00
0.80
1.10
1.20

0.80
1.15
0.75
0.50
0.70
0.90
0.80
1.00
1.00
0.50
0.80
0.80
0.50
1.10
0.90

Source: Authors’ estimates based on data from the 2004/05 Household Income, Consumption and Expenditure
Survey (Ethiopia, CSA 2005).
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Table 5A.2—Structure of the Ethiopian social accounting matrix
Agricultural sectors

Industrial sectors

Service sectors

Factors

Households
Regions

Teff; barley; maize; sorghum; wheat; pulses; enset; oilseeds; vegetables; fruit crops;
sugarcane and sugar beets; cotton; tea; chat; coffee; tobacco; cut flowers; other
crops; cattle; poultry; other small livestock; raw milk; forestry; fishing
Coal; natural gas; other mining; meat and oilseed products; dairy products; grain mill
products; grain mill services; sugar and sugar confectionary; tobacco products;
manufacturing of tea; beverages; other processed food products; cotton lint; thread
and yarns; fiber; other textiles; wearing apparel; leather products; wood products;
paper products; publishing; petroleum; fertilizer; chemicals, rubber, and plastic
products; nonmetal products; metal products; motor vehicles and parts; other transport equipment; electronic equipment; machinery and equipment; other manufactures; electricity; water; construction
Trade and repair services; hotels and restaurants; transport services; communication;
financial services; business services; real estate and renting services; recreation
and other private services; public administration and defense; education; health
Professional workers; technicians and sales workers; unskilled workers; elementary
occupation workers; agricultural family workers; agricultural land; livestock stocks;
physical capital
Poor and nonpoor households separated into four rural agroecological zones and small
and large urban centers
Zone 1 (moisture-reliable region); Zone 2 (moisture-unreliable enset region); Zone 3
(drought-prone region); Zone 4 (pastoralist region)

Source: Authors.

Note
1. It is worth noting that maize yields in Ethiopia are higher than that in many other African
countries. According to World Bank (2007), the average maize yield rose from 1.0 to 1.8 mt/ha
during 1986–2000 as the result of National Maize Research Programs.
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Chapter 6

Ghana
Clemens Breisinger, Xinshen Diao, James Thurlow,
Samuel Benin, and Shashidhara Kolavalli

G

hana has experienced persistent growth with a record of positive per capita
gross domestic product (GDP) growth over the past 26 years. As a result,
the country is bound to become the first Sub-Saharan African country to
achieve the first Millennium Development Goal (MDG1) of halving poverty and
hunger ahead of the target year 2015. Underlying this success are the country’s
significant efforts to build institutions and state capacity. Ghana has become a
stable democratic state, as demonstrated in a peaceful transition of power in two
consecutive free and fair elections in 2000 and 2008. Governance indicators have
been steadily improving over the past years, and in 2007 Ghana ranked ahead of
regional averages of Asia, Latin America, and Africa in most important governance
indicators, including government effectiveness, regulatory quality, and control
of corruption (Kaufmann, Kraay, and Mastruzzi 2009). The country is ranked
among the top 10 African countries in terms of freedom of the press and academic
freedom (Freedom House 2008). Financial market development has made remarkable progress over the past years, including improvements in the banking sector,
increasing trade volumes in the stock exchange, and the launch of government
bonds. The domestic tax base has been broadened significantly over the past years,
marking an important step toward reducing dependence on cocoa for government
revenues. Decentralization has improved the allocation of public resources and the
provision of services to address regional disparities (Bogetic et al. 2007). Perhaps
most importantly, Ghanaians are determined to reach middle-income status and
catch up with successful transformation countries in Asia, such as Korea, Malaysia,
and Thailand, all of which started out at lower per capita income levels in the early
1960s than Ghana.
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Although the share of agriculture in total GDP has declined and the service
sector has replaced the agricultural sector to become the largest component of the
economy in recent years, agriculture remains the most important sector for employment. Agriculture continues to grow at a rate consistent with the overall economy,
but its growth is not driven by productivity growth. Yields of most crops are still far
below their potentials, and the level of modern technology adoption in agricultural
production and processing is still extremely low. Agriculture remains highly dependent on rainfall: irrigation in Ghana is used on only 3 percent of total crop area, and
less than 20 percent of irrigation potential is realized. In contrast, the potential for
land expansion has been reaching its limits in some agroecological zones, urging a
rapid shift toward productivity-led growth to transform traditional agriculture.
Against this background, the Government of Ghana has chosen to make the
agricultural sector a key part of its development plan. To analyze the role of agricultural growth acceleration for Ghana’s future development, the recursive dynamic
computable general equilibrium (DCGE) model described in Chapter 2 is used for
the analysis of growth options and poverty reduction. The remainder of the chapter
is structured as follows. We first review the structure of Ghana’s agricultural sector,
including its recent growth performance. We then describe the structure of the
Ghanaian DCGE model and its underlying data sources. The model results are
presented for the baseline and accelerated growth scenarios, and then for the investment analysis. The latter is based on country-specific regression analysis. The final
section draws together our findings from the Ghanaian case study and identifies
policy options for realizing the potential for agricultural growth and poverty
reduction.
Agriculture in Ghana

Agriculture in Ghana accounts for more than 30 percent of GDP and three-quarters
of export earnings. It employs 60 percent of the labor force. With an average
annual rate of 5.5 percent, Ghana’s recent agricultural growth has been more rapid
than growth in its nonagricultural sectors (World Bank 2007). Moreover, in contrast
to growth in the early period (Table 6.1), the main driving factor behind the recent
rapid agricultural growth is the crop subsector (excluding cocoa), the largest subsector in agriculture, accounting for more than two-thirds of the agricultural economy. Staple crops, including maize, sorghum, rice, cassava, yams, plantains, pulses,
and oilseeds, dominate this subsector. Some high-value crops, such as vegetables and
fruits, are also included, but they play a relatively modest role in overall agricultural
growth because they make up a small share of the sector.
Cocoa is Ghana’s most important traditional export crop and has received
special attention from the government in terms of financial and policy supports. As
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Table 6.1—Agricultural gross domestic product (GDP) growth,
1991–2006 (percent)
Sector
Annual agricultural GDP growth
Crops other than cocoa
Cocoa production and marketing
Forestry and logging
Fishing
Share of agricultural GDP
Crops other than cocoa
Cocoa production and marketing
Forestry and logging
Fishing
Contribution to agricultural growth
Crops other than cocoa
Cocoa production and marketing
Forestry and logging
Fishing

1991–95

1996–2000

2001–05

2006

2.0
1.5
7.0
1.9
1.8

3.9
3.4
6.0
10.8
0.6

5.5
4.5
14.8
5.1
3.0

5.6
5.8
8.3
2.5
3.6

69
8
7
15
100
51
28
7
14

68
9
9
14
100
60
14
24
2

68
10
10
12
100
55
28
9
7

66
13
10
11
100
69
19
4
7

Source: Authors’ calculations using data from Bogetic et al. (2007) and GSS (2007) .

a result of this attention and of favorable world prices in recent decades, the cocoa
sector has grown more rapidly than the agricultural sector as a whole except during
1996–2000 (see Table 6.1). Thus, cocoa’s contribution to agricultural growth is
almost three times its share of the economy.
As in most African countries, agricultural growth in Ghana has been mainly
driven by land expansion rather than productivity growth. Table 6.2 shows that
cultivated land expanded by 60 percent over 12 years, from 4.5 million hectares in
1994 to 7.2 million hectares in 2006. Land expansion has slowed down in recent
years, but continued to expand at an annual rate of 2.8 percent. The cocoa sector
has been the main driver of land expansion. Cocoa area increased by 1.7 times during 1994–2006, whereas the total increase of cultivated land for other crops
amounted to 40 percent in the same period.
Measured by crop GDP in constant terms, land productivity did not increase
during this period. Compared with its level in 1994, total land productivity actually
fell between 1997 and 2002 and has recovered only in recent years, primarily driven
by the growth in cocoa (see Table 6.2).
Although structural change in crop production helps improve land productivity, the dominant factor for measuring land productivity is yield growth. In contrast
to rapid land expansion, national yield levels of major foodcrops in Ghana have only
improved modestly over the past 12 years (Table 6.3). When looking at the agroecological zone level, in several cases yields even fell in recent years from their levels
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Table 6.2—Agricultural land expansion and land productivity, 1994–2006
Growth rate (percent)
Value
Crop
Land productivity (cedi per hectare)a
Other crops and cocoa
Cocoa
Crops other than cocoa
Land allocation (thousand hectares)
Other crops and cocoa
Cocoa
Crops other than cocoa

Total
Annual
Annual
(1994–2006) (1994–99) (2000–06)

1994

2000

2006

155
162
154

112
87
121

159
188
149

0.91
1.56
0.69

–4.77
–10.49
–4.97

5.97
13.67
3.62

4,500
687
3,813

6,100
1,500
4,600

7,195
1,835
5,360

4.10
7.01
3.31

5.39
13.62
3.59

2.79
3.42
2.58

Source: Authors’ calculations based on GSS (2007) and FAO (2008).
aLand productivity is calculated as gross domestic product at constant 2000 prices divided by hectares of cultivated land. The value is reported in new Ghanaian cedi (GHS).

Table 6.3—Yields of major crops by agroecological zone, 1994–2005
Maize
Zone
Coast
Forest
Northern Savannah
Southern Savannah
National

Rice

Cassava

1994–97

2002–05

1994–97

2002–05

1994–97

2002–05

1.32
1.45
1.21
1.53
1.51

1.69
1.48
1.16
1.44
1.56

3.64
1.79
1.94
2.09
1.94

2.16
1.99
2.22
2.24
2.18

10.46
7.37
7.07
9.01
11.87

13.02
8.25
9.26
7.54
12.53

Source: Authors’ calculations using Ghana, MOFA (2007) and FAO (2008) (national data are from FAO 2008).

in the mid-1990s. For example, maize yield only increased in the Coast zone and
was stagnant or even fell in the other three zones of the country.
These yields are much lower than the achievable yields for many crops in most
zones of Ghana. According to the Ministry of Food and Agriculture, yields for most
crops are 20–60 percent below their achievable levels using existing technologies
combined with modern inputs, such as fertilizers and improved seeds (Table 6.4).
On the demand side, market opportunities do exist to support agricultural
growth in Ghana. Like many other African countries, Ghanaian households spent
40–50 percent of their incomes on food. Food demand from the domestic market
is expected to further grow with income and population growth and the process
of urbanization (Diao, Dorosh, and Rahman 2007). There is also considerable
potential for import substitution through increased competitiveness. Ghana imports
60 percent of rice and 90 percent of poultry meat consumed domestically. Demand
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Table 6.4—Yield gaps in Ghana, 2006

Crop
Maize
Rice
Millet
Sorghum
Cassava
Cocoyams
Yams
Plantains
Sweet potatoes
Cowpeas
Groundnuts
Soybeans
Cocoa

Average yield,
1990–2006
(tons per hectare)

Achievable yields
(tons per hectare)

1.5
2.1
0.8
1.0
11.9
6.7
12.4
8.1
8.5
1.0
0.8
0.8
0.4

2.5
3.5
1.5
1.5
28.0
8.0
20.0
10.0
18.0
1.3
1.0
1.0
1.0

Yield gap
(tons per hectare)
1.0
1.4
0.7
0.5
16.1
1.3
7.6
1.9
9.5
0.3
0.2
0.2
0.6

Yield gap
(percent)
40.0
40.0
46.7
33.3
57.5
16.3
38.0
19.0
52.8
23.1
20.0
20.0
60.0

Source: Authors’ calculations using Ghana, MOFA (2007).
Note: According to the Ministry of Food and Agriculture’s definition, achievable yields are derived from on-farm
observations, where recommended technologies have been used together with more effective extension services.

for these two commodities is highly income elastic, indicating a rise in imports
in the future without improvements in domestic competitiveness (see Table 6A.1 in
the appendix to this chapter). Moreover, as Thailand, Malaysia, Brazil, and many
other developing countries have demonstrated, rapid diversification of agricultural
exports is possible and can help accelerate growth in agriculture and economic
transformation in general (Breisinger et al. 2008).
This discussion indicates that the potential for a Green Revolution exists in
Ghana on both the supply and demand side. Below we present the model developed
used in this chapter to capture these supply–demand linkages. We then apply the
model to assess the potential impacts of a Green Revolution on growth and poverty
reduction in Ghana.
The Ghanaian DCGE Model

A detailed social accounting matrix (SAM) for Ghana has been constructed based
on recent data. This SAM represents the Ghanaian economy in 2007 and has 28
agricultural subsectors that are further disaggregated into the four agroecological
zones as discussed above (see Table 6A.2 in the appendix to this chapter). The input
side of the agricultural structure is also highly disaggregated. Not only are key intermediates (such as fertilizer and seeds) included, but the factor markets are also dis-
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aggregated into agricultural family labor that is employed only in agriculture
at the zonal level, unskilled labor that can move between agriculture and nonagriculture, and skilled labor employed mainly in nonagricultural sectors. Agricultural land can be allocated among different crops within each zone, but it
cannot move across zones. The SAM captures remarkable differences in production structures between the Northern Savannah and the other zones of Ghana.
Even though the Northern Savannah zone produces more than 34 percent of the
country’s cereals and about 40 percent of its livestock, this zone makes the lowest
contribution to agricultural exports (only 10 percent). Cocoa is the most important export crop in Ghana, but it can only be grown in the Forest and parts of the
Coast zones. The limited export opportunities for the Savannah zones’ agriculture
will be a challenge for these zones to benefit from any export-oriented growth
strategy discussed below.
To capture the linkages of agriculture with the rest of the economy, the SAM
and the model include 32 nonagricultural sectors, many of which are agricultural
processing sectors, which is consistent with Ghana’s current manufacturing structure. Service sectors are also highly disaggregated to capture the sector’s market
linkages with agriculture and nonagriculture through transportation, trade, and
financial services, which are all explicitly defined in the model.
The SAM first aggregates consumers by rural and urban location, and then by
the four agroecological zones. Households in the country’s capital city, Accra, are
separated as a stand-alone group from the rest of the urban households in the Coast
zone (where Accra is located) because of their very different income level and consumption patterns. We then further classify households according to 10 deciles that
are defined by per capita income levels nationwide. In total, the model has 90 representative household groups. Incomes distributed across households are endogenous
variables. Although rural households earn their income from factors (land, capital,
and family labor) employed in agricultural production, they also participate in nonfarm activities through markets for unskilled and skilled labor that are economywide
factors. Urban households earn capital income and wages for skilled labor employed
in nonagricultural activities and wage income for unskilled labor employed in both
agricultural and nonagricultural activities. To capture growth impact on poverty, the
DCGE model is further linked with a microsimulation model, which includes all
sample households in the survey dataset (see Chapter 2 in this volume).
Baseline and Accelerated Growth Scenarios

Two scenarios are considered. The first scenario simulates a business-as-usual situation of economic development, which is called the “baseline” scenario. This scenario assumes that the Ghanaian economy will continue to grow along the recent
trends until 2015. The second scenario models an accelerated growth path that is
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associated with an increase in agricultural productivity. In this scenario exogenous
increases in total factor productivity (TFP) at the agricultural subsector level (crops
and livestock production) are the driving forces for growth to attain achievable yields
nationwide by 2015. Land expansion remains at baseline levels. In most cases we
report the model results at the national level as averages, yet the model simultaneously solves for zonal level results in the simulation. We take the different growth
potentials among the four zones into consideration in designing the TFP growth rate,
but unevenly distributed growth opportunities among farmers in each zone are not
taken into account. For example, for farmers in areas with high agricultural potential, better market access conditions, and relatively high market participation rates
(such as in some areas of eastern Ghana’s Forest zone), maize yields are likely to be
doubled once modern inputs are used. However, in some areas of northern Ghana
with its long-term trend of land degradation, achieving a 30 percent increase in
maize yields may be a challenge.
By contrasting model results of the agriculture-led growth scenario with those
derived from the baseline, the transformative power of agriculture in Ghana can be
assessed and analyzed. The use of the DCGE model allows for a detailed analysis of
constraints, trade-offs, and linkage effects in the process, yet its results should be
interpreted as a best-case scenario in which necessary investments in agricultural
productivity are realized.
In the baseline scenario, land expansion is the main factor for agricultural
growth, a situation consistent with recent growth patterns. Together with modest
increases in productivity, agriculture grows at 4.2 percent annually in the simulated
period (2007–15). Industry and services also grow according to their recent trends,
at 5.6 percent and 5.2 percent per year, respectively.
The agriculture-led scenario targets higher crop yields that increase gradually
over the simulated period. To identify yield targets, we choose a level of annual
change in TFP coefficients for each individual crop across the four zones to endogenously obtain crop yields consistent with achievable yields by the end of the simulation period. These targeted yield levels are presented in Table 6.4. These targets
require approximately 4.6–8.1 percent annual TFP growth for most crops. This
growth in crop TFP, which combines with productivity growth in the noncrop sectors (mainly livestock), the endogenous accumulation of capital, and the reallocation
of unskilled labor across different sectors in the economy, leads Ghana’s agricultural
sector to grow at an average annual rate of 6 percent, a growth rate consistent with
the Comprehensive Africa Agriculture Development Programme (CAADP) target
set by the New Partnership for Africa’s Development (NEPAD). Agriculture is
the largest sector in the Ghanaian economy: together with its linkage effects, accelerating agricultural growth through productivity change results in substantial growth
of the national economy: 5.8 percent total GDP growth per year compared to 4.9
percent in the baseline scenario (Table 6.5).
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Table 6.5—Economic growth in baseline and agriculture-led
scenarios (percent)
Simulation results, 2006–15
Indicator
Annual GDP growth
Agriculture
Industry
Services
Total
Contribution to growth
Agriculture
Industry
Services

Historical data,
2001–06
4.2a
5.6
5.2

Historical data,
2005
Share of GDP
Agriculture
Industry
Services

38.7
27.9
33.4

Baseline

Agriculture-led
growth

4.2
5.6
5.2
4.9

6.0
6.0
5.5
5.8

31.8
31.7
36.5

39.4
28.4
32.3

Simulation results, 2015
37.6
27.9
34.5

38.1
27.5
34.4

Source: The Ghanaian dynamic computable general equilibrium model results.
Notes: GDP = gross domestic product. Blank cells = not applicable.
aAgricultural GDP annual growth rate is the average for 1990–2006.

In the baseline scenario more than 65 percent of growth in national GDP and
62 percent of growth in agricultural GDP comes from factor accumulation, of which
land expansion explains almost 40 percent of agricultural GDP growth (Table 6.6).
By design, productivity becomes the dominant factor to explain growth in the
agriculture-led growth scenario.
Moreover, productivity-led agricultural growth and its spillover effects are
strongly pro-poor (Table 6.7). Model results show that the national poverty rate will
fall to 13.5 percent by 2015 in the agriculture-led growth scenario, down from 16.9
percent in the baseline’s 2015 level and from 28.5 percent of its 2005/06 level.
Poverty decreases for both rural and urban households, underlining the benefits of
agricultural growth for both consumers and producers. However, poverty remains
high in the Northern Savannah zone, indicating that more targeted measures will
be needed to reduce poverty in this region.
Productivity change in agriculture has been a key ingredient for initiating and
supporting broader economic transformation in many countries. However, productivity change in agriculture has often required massive public investments, which
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Table 6.6—Sources of growth in baseline and agriculture-led scenarios (percent)
Decomposition
of total GDP growth
Source of growth
Total growth
Labor
Land
Capital
Productivity

Decomposition
of agricultural growth

Baseline

Agriculture-led
growth

Baseline

Agriculture-led
growth

100
26.9
12.7
26.2
34.2

100
22.4
8.7
22.2
46.7

100
15.0
39.5
7.9
37.5

100
10.8
27.5
5.3
56.4

Source: The Ghanaian dynamic computable general equilibrium model results.
Note: GDP = gross domestic product.

Table 6.7—Poverty impacts in baseline and agriculture-led scenarios (percent)
Zone
National
Urban
Accra
Coast
Forest
Southern Savannah
Northern Savannah
Rural
Coast
Forest
Southern Savannah
Northern Savannah

Final poverty rate, 2015

Initial poverty rate,
2005/06

Baseline

28.5
10.8
10.6
5.5
6.9
21.6
31.9
39.2
24.0
27.7
36.7
68.3

16.9
7.6
7.7
2.8
4.2
15.2
25.7
23.7
8.8
12.3
12.5
55.5

Agriculture-led growth
13.5
5.7
5.3
2.0
2.9
12.6
22.3
19.2
5.1
7.9
9.7
49.6

Source: Ghanaian dynamic computable general equilibrium model results.
Note: The poverty rate is the proportion of the population with per capita consumption below the poverty line.

raises concerns about the cost of such a growth acceleration. The next section
addresses the concern of how much additional public spending would be required
to accelerate growth in the agricultural sector.
Agricultural Investment Analysis

To answer the question of how much public agricultural spending is required to
achieve productivity-led agricultural growth in Ghana, we estimate the required
public spending by using the formula developed in Chapter 2 of this volume and
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values of parameters estimated for Ghana (Benin et al. 2008) and for various African
countries (for example, see Fan 2008; Chapter 2). We first provide an overview of
recent trends in public expenditures in Ghana.
Recent Trends in Government Spending on the Agricultural Sector

As shown in Table 6.8, the Government of Ghana’s resource allocation to the
agricultural sector increased nearly fourfold between 2000 and 2007. Interestingly,
the conventional line ministry responsible for the agricultural sector (Ministry of
Food and Agriculture [MOFA]) accounted for only about 25 percent of the government’s total spending on the sector. Over time agencies other than MOFA gained
in terms of relative amounts spent for developing the sector. An agricultural sector
expenditure review carried out across similar expenditure categories during 1995–
97 showed MOFA as the highest spender of government funds allocated to the
sector, accounting for between 48 and 57 percent of the government’s total expenditures on the sector (MOFA 1999). This trend reflects deconcentration of public
spending on the sector, which could lead to waste and inefficiencies that result in
duplication of activities and poor coordination across the different public agencies.
However, it could also lead to greater allocative efficiency of public resources if
the non-MOFA agencies that are contributing to agriculture have better information than MOFA about the needs for and requirements of public services in their
jurisdictions, including the capacity to respond to those needs.
A critical issue in the debate on using agriculture to drive overall economic
development and reduce mass poverty is the disproportionately low government
commitment to the agricultural sector relative to the total government budget or to
the total output of the agricultural sector, especially in light of the agricultural sector’s role in African economies (Diao et al. 2007). As shown in Table 6.9, counting
only expenditures associated with MOFA (and the Ministry of Fisheries in earlier
years) as the government’s expenditures on the agricultural sector in Ghana indicates
a low average expenditure share of 1.6 percent of total government spending or 1.1
percent of agricultural GDP. Agricultural spending through the Ghana Cocoa Board
(COCOBOD), an agency specifically focusing on promoting cocoa production and
exports, is much more than that spent by other agriculture-related government
agencies. Once COCOBD’s and other agencies’ spending is included, agricultural
spending rises to 6.7 percent of total government spending or 4.8 percent of agricultural GDP on average between 2000 and 2007.
Required Public Spending on Agriculture to Achieve
Accelerated Agricultural Growth

We analyze broad investment scenarios in which we first assume as a baseline that
the economy continues to grow consistent with the DCGE model’s baseline sce-
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Table 6.8—Government expenditures on agriculture, 2000–07 (2000 Ghanaian
cedi million)
Expenditure on agriculture

Year

Ministries of
Agriculture and
Fisheriesa

Department of
Forestryb

CSIR

COCOBOD

Presidential
Special Initiatives

2000
2001
2002
2003
2004
2005
2006
2007

5.16
4.74
5.30
11.13
19.96
14.56
28.47
27.60

0.94
0.73
0.68
0.72
3.93
2.08
5.57
8.65

3.80
3.63
4.50
3.88
6.36
5.08
24.17
31.44

20.51
22.71
18.06
25.10
36.84
36.43
53.49
37.69

0.00
0.00
0.00
1.48
2.92
5.47
5.65
10.30

Source: Authors’ calculations using data obtained from the Controller and Accountant General’s Department; the Statistics,
Research and Information Department of the Ministry of Food and Agriculture; and the offices of CSIR and COCOBOD.
Notes: Government expenditure is financed by internally generated funds and overseas development assistance (loans and
grants). COCOBOD = Ghana Cocoa Board. CSIR = Council for Scientific and Industrial Research.
aUntil 2005 the Ministry of Fisheries was part of the Ministry of Food and Agriculture.
b
The Department of Forestry falls under the Ministry of Lands and Forestry.

Table 6.9—Government expenditures on agriculture, 2000–07 (percent)
Share of total spending

Year
2000
2001
2002
2003
2004
2005
2006
2007
Average

Share of agricultural
gross domestic product

Ministries of
Agriculture
and Fisheriesa

Department of
Forestry, CSIR,
COCOBOD, and
Presidential
Special Initiatives

Ministries of
Agriculture
and Fisheries

Department of
Forestry, CSIR,
COCOBOD, and
Presidential
Special Initiatives

0.8
0.7
0.7
1.4
2.0
1.5
2.2
2.1
1.6

4.7
4.7
3.9
5.2
6.9
6.3
9.1
8.7
6.7

0.5
0.5
0.5
0.9
1.4
1.0
1.8
1.7
1.1

3.3
3.2
2.5
3.4
5.0
4.4
7.4
7.3
4.8

Source: Authors’ calculations using data from the Office of the Controller and Accountant General and the
Statistics, Research and Information Department of the Ministry of Food and Agriculture.
Notes: Government expenditure is financed by internally generated funds and overseas development assistance
(loans and grants). COCOBOD = Ghana Cocoa Board. CSIR = Council for Scientific and Industrial Research.
a
Until 2005 the Ministry of Fisheries was part of the Ministry of Food and Agriculture.
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nario. We further assume that total public spending in the baseline scenario continues to grow at the 2000–07 average of 11.6 percent per year and that the share of
public agricultural spending of total spending is maintained at an average of 6.7
percent per year (see Table 6.10). We then analyze four investment scenarios to
simulate public agricultural spending required to achieve the agricultural growth
targeted in the agriculture-led growth scenario from the DCGE model. The scenarios vary according to the assumptions about the sources of agricultural growth
deriving from different types of public spending in agriculture and rural areas. The
first scenario (Scenario I) assumes that the agricultural growth-rate gap of 1.8 percentage points (6.0 percent in the agriculture-led growth scenario minus 4.2 percent
in the baseline) is driven by raising public agricultural spending only. That is, public
spending on the nonagricultural sector continues to grow as in the baseline scenario.
Also, other factors (for example, interaction effects among different types of spending, crowding effects of public spending on private spending, and growth in nonspending factors that affect agricultural productivity and its effects) remain
unchanged. The second scenario (Scenario II) analyzes the implications of raising
the profile of agricultural development spending, assuming an equal (50:50) split
with recurrent spending.
The third scenario (Scenario III) assumes that public spending on the nonagricultural sector grows by an additional 1.14 percentage points per year to close
the nonagricultural sector growth-rate gap of 0.4 percentage points (that is, the
target of 5.7 percent minus baseline of 5.3 percent).1 This scenario further assumes
that public spending on each of the nonagricultural sectors (education, health,
roads, and so on) grows at the same rate to maintain their current shares in total
nonagricultural spending. The fourth scenario (Scenario IV) is similar to the previous one except that it assumes that public spending on the different nonagricultural
sectors grows at different rates to take advantage of those with greater estimated
returns to spending. The motivation for this scenario is similar to that for Scenario
II: to analyze the implication of raising the profile of public spending on rural
infrastructure, which the evidence shows has a much larger positive and significant
impact on agricultural productivity than do other interventions (for example, see
Fan 2008). We adjust the shares to equal the marginal returns.
In each of the investment scenarios we simulate the public agricultural spending
requirement under three assumptions regarding the efficiency of public spending (low, medium, and high) based on estimated elasticities from the literature. First,
we constructed lower and upper limits of a 90 percent confidence interval around
the point estimates. The minimum value of the lower limits and maximum value
of the upper limits were chosen as the low and high efficiency elasticities, respectively. Then, the midpoint of the low and high efficiency elasticities was chosen as
the medium efficiency elasticity. For the elasticities with respect to nonagricultural

GHANA

153

public spending, we use a weighted average for education, health, and feeder roads,
where the weights are the expenditure shares. See Table 6A.3 in the appendix to this
chapter for details on the assumed values of key parameters used in the simulations.
We use 2007 as the starting point for the simulations, which are run for the 2007–
15 period. All simulated monetary values are in 2007 constant prices.
We have made simple assumptions to carry out the simulation exercise within
the framework described in Chapter 2. The limitations of the formula discussed
there also apply here. Against this cautionary background, we now present the simulation results: the spending requirements for the baseline and those for Scenarios
I–IV. The parameter values used in public investment simulations are summarized
in Table 6A.4 in the appendix to this chapter. The results from the investment analysis are shown in Table 6.10.
Investment Analysis Results: Baseline Scenario

In the baseline scenario (that is, maintaining the status quo), total government
agricultural spending from 2007 to 2015 would be 3,837 million Ghanaian cedi
(GHS), which represents about GHS426 million per year. Although the share of
government agricultural spending in total government spending is maintained at
6.7 percent per year by design, the agricultural spending as a share of agricultural
GDP will rise from 5.6 percent in 2007 to 9.4 percent in 2015. This is because
government agricultural spending grows faster (11.6 percent per year) than agricultural GDP (4.2 percent per year).
Investment Analysis Results: Scenario I

Scenario I simulates agriculture expenditure requirements assuming that the source
of additional agricultural GDP growth is derived from increasing public agricultural
spending only. Although it is unrealistic to expect public agricultural spending to
be the only source of additional growth, the requirements that follow can be interpreted as the total (public and private) maximum resources and investments needed
to generate the additional growth, assuming similar across-the-board spending
efficiencies. The simulation results show that this requires the annual growth rate
in agricultural spending to increase from the baseline value of 11.6 to 58.9, 40.7,
and 32.6 percent per year in the low, midpoint, and high efficiency spending scenarios, respectively. The total government budget in these respective spending
efficiency scenarios is estimated to grow at 22.3, 16.0, and 14.1 percent per year.
With agricultural spending thus growing more rapidly than total spending, the
share of agricultural spending in total expenditures will rise from the baseline value
of 6.7 percent per year to annual average values of 34.1, 20.0, and 15.0 percent in
the three spending efficiency scenarios, respectively. The share of agricultural spending in agricultural GDP will rise from the baseline value of 5.6 percent to 50.3, 23.6,

Baseline

Low
5.8
6.0
5.6
14.1
32.6
11.6

2.5
9.5
1.1

22.2
15.0

31.1
16.7

5.8
6.0
5.6
16.0
40.7
11.6

4.1
13.4
1.5

31.4
20.0

50.0
23.6

66.6
29.3

37.8
23.7

5.4
16.6
1.8

5.8
6.0
5.6
17.4
45.8
11.6

22.4
13.3

17.0
12.3

1.8
7.5
0.8

5.8
6.0
5.6
13.2
27.3
11.6

15.7
10.5

12.6
10.0

1.3
5.9
0.7

5.8
6.0
5.6
12.5
21.8
11.6

Midpoint High

Midpoint High

Low

Scenario II

Scenario I

58.4
26.5

18.1
13.8

4.7
15.1
1.7

7.6
6.0
8.2
26.6
43.5
24.6

Low

19.7
12.1

9.7
8.6

1.6
6.9
0.8

7.6
6.0
8.2
19.5
25.3
19.0

13.9
9.6

8.1
7.5

1.1
5.5
0.6

7.6
6.0
8.2
17.0
19.8
16.8

Midpoint High

Scenario III

55.5
25.5

17.4
13.4

4.5
14.5
1.6

7.6
6.0
8.2
26.5
42.5
24.6

Low

19.3
12.0

9.5
8.4

1.6
6.8
0.8

7.6
6.0
8.2
19.5
24.9
19.0

13.7
9.6

8.0
7.5

1.1
5.4
0.6

7.6
6.0
8.2
17.0
19.7
16.8

Midpoint High

Scenario IV

Source: Authors’ calculations based on the Ghanaian dynamic computable general equilibrium model results and assumptions about elasticities shown in Table 6A.3 in the appendix to this chapter.
Notes: In Scenario I only public spending on agriculture is increased. Scenario II is similar to Scenario I, but agricultural developmental expenditures grow more rapidly to reach an
equal share with recurrent expenditures. In Scenario III public spending on both agriculture and nonagriculture are increased, where different types of nonagricultural spending grow
at the same rate. Scenario IV is similar to Scenario III, but the different types of nonagricultural spending grow at different rates, such that their shares in total nonagricultural spending reflect their marginal returns. GDP = gross domestic product. Blank cells = not applicable.

Annual growth rate (percent)
Total GDP
5.2
5.8
Agricultural GDP
4.2
6.0
Nonagricultural GDP
5.6
5.6
Total government expenditures
11.6
22.3
Agricultural sector
11.6
58.9
Nonagricultural sector
11.6
11.6
Government agricultural expenditure (2007 GHS billion)
2007
0.3
2015
0.6
10.8
Total, 2007–15
3.8
28.6
Annual average, 2007–15
0.4
3.2
Government agricultural expenditures (percent)
Share of total expenditures
2007
6.7
2015
6.7
54.8
Annual average, 2007–15
6.7
34.7
Share of agricultural GDP
2007
5.6
2015
9.4
132.4
Annual average, 2007–15
7.5
50.3

Economic growth /
government expenditure

Table 6.10—Estimated government resources required to achieve accelerated agricultural growth in Ghana, 2007–15
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and 16.7 percent per year. These values translate into additional (that is, in addition
to the baseline values) spending on the agricultural sector by a total amount of about
GHS5,632 million–24,725 million during 2007–15, or GHS704 million–3,091
million per year. The low and high end values correspond to the high and low spending efficiency scenarios, respectively. These ranges are rather large, which is due to the
sensitivity of the elasticities and the wide range of the elasticities used—the high value
is nearly three times as large as the low value. Nevertheless, these results mean that
the political and institutional context of public spending programs in Ghana will be
critical in determining the resource requirements. Going by the assumed midpoint
value of the elasticity used, for example (0.086), the total agricultural budget from
2007 to 2015 required to achieve an agricultural GDP growth rate of 6 percent per
year would be about GHS9,550 million (or GHS1,194 million per year).
Investment Analysis Results: Scenario II

Continuing to assume that the source of additional growth is derived solely from
increasing agricultural expenditures, the cost requirements are much lower when
the share of development expenditure is raised to 50 percent (see Table 6.10 and
Figure 6.1). The shares of agricultural spending in total expenditures are now 23.2,
12.3, and 10.0 percent in the three spending efficiency scenarios, respectively. These
translate into additional spending (that is, in addition to the baseline values) on the
agricultural sector by a total amount of about GHS2,100–12,790 million during
2007–15 or GHS263–1,599 million per year, less than 50 percent of the cost
requirements in Scenario I.
Investment Analysis Results: Scenario III

In Scenario III public spending on the nonagricultural sector is also increased, but
the rate of increase is the same across all nonagricultural subsectors. Because spending on the nonagricultural sector has an effect on agricultural productivity growth
(with an assumed elasticity of 0.01–0.09), the simulated resource requirements for
the agricultural sector are lower than in Scenario II, although the overall budgetary
resources are higher.
The simulation results of Scenario III in Table 6.10 show that the average
annual growth rate in public agricultural expenditure would be 43.5, 25.3, and 19.8
percent in the low, midpoint, and high efficiency spending scenarios, respectively
(which is about 2–3 percentage points lower than the respective growth rates in
Scenario II). The total government budget in the respective spending efficiency
scenarios is now estimated to grow at 26.6, 19.5, and 17.0 percent per year. The
share of agriculture in total expenditure will be 13.8, 8.6, and 7.5 percent in the
three spending efficiency scenarios, respectively, while the share of agricultural
spending in agricultural GDP will be 26.5, 12.1, and 9.6 percent per year. These
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Figure 6.1—Agricultural spending requirements in scenarios with different
spending efficiencies and alternative sources of growth, 2007–15
Low spending efficiency
Percent of total government expenditure
45
Baseline
Scenario II
35
Scenario III
Scenario IV
25
15
5
2007

2008

2009

2010
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2013
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2013

2014

2015

Moderate spending efficiency
Percent of total government expenditure
25
Baseline
Scenario II
20
Scenario III
Scenario IV
15
10
5
2007

2008

2009

2010

2011

2012

High spending efficiency
Percent of total government expenditure
25
Baseline
Scenario II
20
Scenario III
Scenario IV
15
10
5
2007

2008

2009

2010

2011

2012

Source: Authors’ calculations based on the Ghanaian dynamic computable general equilibrium model
results and growth elasticities with respect to public spending.
Notes: Results for Scenario I are not plotted, as they are unrealistically high. GHS = Ghanaian cedi.
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numbers translate into additional (that is, over the baseline values) spending on the
agricultural sector by a total amount of about GHS1,627–1,216 million over
2007–15, or GHS203–1,402 million per year. Again, the low- and high-end values
correspond to the high and low spending efficiency scenarios, respectively.
Comparing the resource requirements in Scenarios II and III shows little difference,
reflecting the small effect of overall growth in public nonagricultural spending on
agricultural growth. The literature shows that the effect of public nonagricultural
spending on agricultural productivity is mainly from spending on rural infrastructure,
particularly on rural roads. However, the share of government spending on rural
infrastructure in general and rural roads in particular in Ghana is very small.
Therefore, increasing spending on different types of nonagricultural public goods
and services at equal rates is not likely to be prudent.
Investment Analysis Results: Scenario IV

The idea of shifting or increasing resources in favor of sectors, subsectors, or activities
that contribute most to a development objective is the motivation for Scenario IV.
In contrast to the previous scenario, Scenario IV has different rates of increase of
public nonagricultural spending for the different sectors, so that their share in total
nonagricultural spending reflects their marginal returns. The simulation results show
that the average annual growth rate in public agricultural spending would be 42.5,
24.9, and 19.7 percent in the low, midpoint, and high efficiency spending scenarios,
respectively (which is about 0.9, 0.4, and 0.1 percentage points lower than the respective growth rates in Scenario III). The total government budget in the respective
spending efficiency scenarios grows at a lower rate (about 0.5 percent lower than in
Scenario III) and now is estimated to grow at 26.5, 19.5, and 17.0 percent per year.
The share of agricultural spending in total expenditures will now be 13.4, 8.4,
and 7.5 percent in the three spending efficiency scenarios, respectively, and the share
of agricultural spending in agricultural GDP will be 25.5, 12.0, and 9.6 percent per
year. Using the midpoint values of the elasticities, the total spending on the agricultural sector from 2007 to 2015 required to achieve the accelerated agricultural
growth would be about GHS2,958 million (or GHS370 million per year), which
is about 4 percent lower than the estimated requirements in Scenario III. Therefore,
shifting or increasing public resources in favor of sectors, subsectors, or activities
that contribute most to raising agricultural productivity growth and overall growth
will be important.
Implications of Our Assumptions for Simulated
Expenditure Requirements

Given that agricultural production in Ghana is considered a private sector activity,
a key policy issue is how much the private sector should contribute toward the
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resource gap. Although providing actual numbers on private sector investments is
outside the scope of this research, here we discuss the implications of changing some
of the underlying assumptions made in simulating the expenditure requirements.
We focus on implications of policies and public spending decisions on the simulated
expenditure requirements vis-à-vis their effects on private sector investments. We
also discuss other effects, including improving use and efficiency of agricultural
inputs and interactions among different types of public expenditures.
Regarding the public–private spending interface (that is, the idea that public
plus private spending is arguably a zero-sum game in the sense that government
spending is financed by taxation of private investment), external sources of funding
(both loans and grants) make up about 35 percent of the Government of Ghana’s
total budget expenditure (Quartey 2005). Thus, the zero-sum game argument is
very important for Ghana, and how the crowding-out or crowding-in effects operate
in the future will be critical for determining the total resources required to achieve
the agricultural growth targets, as well as for the necessary contribution by the private sector. Thus, policies and public spending decisions that encourage private
investment in farm capital will be very important. Similarly, policies and public
spending that help improve use and efficiency of agricultural inputs will also be
critical for raising overall agricultural productivity, reducing total resource requirements and both public and private contributions.
Interactions (complementarity or substitution effects) among different types of
public spending also matter for the cost calculations. The interaction effects between
agricultural expenditures and each of the nonagricultural sectors (education, health,
and rural roads) were implicitly taken into account in the simulations and were
incorporated into the assumed elasticities. Ministries, departments, and agencies of
the different sectors may view others as competitors for national budget expenditures (another zero-sum game), which should not be the case to the extent that
spending on one sector affects the performance of other sectors. Thus, policies that
promote cross-sectoral programs leading to joint outcomes that are more than the
sum of individual outcomes will also be important for raising overall agricultural
productivity.
Conclusions

Impressive growth and poverty reduction over the past 20 years have made Ghana
an African success story. Agricultural growth has played an important role in this
effort. However, agricultural growth in Ghana has been mainly driven by area
expansion as opposed to a Green Revolution of the sort experienced by many Asian
countries, in which growth is driven by productivity. Potential for such productivityled growth exists in Ghana, exemplified by significant gaps between current and
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achievable yields for many crops. To understand the importance and impacts of a
change from the current growth pattern based on land expansion to productivity-led
growth, we applied the DCGE model described in Chapter 2 to Ghana. The model
disaggregates agricultural production to the agroecological zonal level, and a macroto microsimulation model includes all sample households of the most recent national
household survey to assess the potential growth and poverty impacts of accelerated
agricultural growth through productivity change.
By closing the existing yield gaps and achieving comparable productivity growth
in the livestock sector, Ghana will be able to reach 6 percent average annual agricultural growth, a growth rate consistent with the CAADP goal set by African policymakers. Agricultural productivity growth benefits the whole economy through
strong linkages between the agricultural sectors and the rest of the economy. In this
process, incomes of both rural and urban households increase, and the resulting
additional demand for agricultural products can be met by domestic supply without
significantly lowering their prices. Such growth is also pro-poor. At the national
level, the scenario shows that the national poverty rate will fall to 12.5 percent by
2015, lifting an additional 850,000 people out of poverty compared to the baseline
scenario. However, poverty levels in northern Ghana remain high, indicating the
need for additional measures beyond growth strategy.
Achieving productivity-led agricultural growth requires a significant increase in
public investments in agriculture, rural infrastructure, and marketing. If the funds
to support 6 percent agricultural growth come only from increasing agricultural
public investment, the agricultural expenditures would have to grow by about
32–59 percent annually in the next 5–8 years, which causes the share of agriculture
in total government expenditures to rise to 15–34 percent, doubling or trebling its
average share during 2000–07. This amount is unrealistically large, and it is unlikely
that the government would bear such costs alone. If the government is able to
achieve greater efficiency in its public spending programs—for example, by shifting
or increasing resources in favor of more productive sectors, subsectors, or activities
(such as agricultural or rural roads development), then the resources required to
achieve its development objective could be slashed by more than 50 percent. For
Ghana to achieve a middle-income status led by accelerated agricultural productivity
growth by 2015, it will be necessary to raise public agricultural expenditures as well
as public spending on rural infrastructure, particularly feeder roads. However, it
will be equally important to improve the political and institutional context of public
spending programs by, for example, reforming the way public investment programs
are implemented to crowd-in greater private investments and reduce crowding-out
effects. Improving the use and efficiency of agricultural inputs will also be critical,
as will be promoting cross-sectoral public investment programs that have large
complementary effects.
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Appendix

Table 6A.1—Household budget shares and income elasticities
Current budget share
(percent)
Category
Foods
Maize
Rice and wheat
Roots
Other foodcrops
Plantains
Chickens
Other livestock
Fish
Other foods
Nonfoods
Clothing
Other manufactures
Fuels
Durable equipment
Water and electricity
Services

Marginal budget
(percent)

Income elasticity

Urban

Rural

Urban

Rural

Urban

Rural

43.5
0.8
3.7
3.0
7.2
1.2
1.6
10.8
1.9
13.3
46.1
10.4
7.0
3.8
9.4
0.5
25.4

52.0
1.8
4.3
2.6
8.6
1.1
1.1
15.6
2.1
14.7
37.0
11.0
9.6
5.1
4.8
0.1
17.4

34.6
0.4
2.6
2.2
5.2
0.9
2.0
8.5
1.8
10.9
56.6
8.9
6.9
8.0
20.9
0.7
20.0

49.0
1.2
4.4
3.3
7.3
1.3
1.5
14.4
2.3
13.2
40.0
11.0
9.7
3.5
7.6
0.2
19.0

0.8
0.4
0.7
0.7
0.7
0.8
1.2
0.8
1.0
0.8
1.2
0.9
1.0
2.1
2.2
1.4
0.8

0.9
0.7
1.0
1.3
0.8
1.3
1.3
0.9
1.1
0.9
1.1
1.0
1.0
0.7
1.6
2.1
1.1

Source: Estimates by Bingxin Yu, International Food Policy Research Institute, using the 2005/06 Ghana Living
Standards Survey (GSS 2007).

Table 6A.2—Structure of the Ghanaian social accounting matrix
Agricultural sectors

Industrial sectors

Service sectors
Factors
Households
Regions

Maize; rice; sorghum and millet; other cereals; cassava; yams; cocoyams; cowpeas;
soybeans; groundnuts; fruits (domestic); vegetables (domestic); plantains; other
crops; palm oil; other nuts; fruits (export); vegetables (export); cocoa beans;
industrial crops; broiler chickens; eggs and layers; beef; sheep and goat meat; other
meats; forestry; fishery
Mining; formal food processing; informal food processing; cocoa processing; dairy
products; meat and fish processing; textiles; clothing; leather and footwear; wood
products; paper, publishing, and printing; crude and other oils; petroleum; diesel;
other fuels; fertilizer; chemicals; metal products; machinery and equipment;
construction; water; electricity
Trade services; export services; transport services; communication; banking and
business; real estate; community, other services; public administration; education;
health
Agricultural family labor; unskilled labor; skilled labor; agricultural land; physical capital
Disaggregated by rural/urban; four regions and Accra; and per capita expenditure
deciles
Coast; Forest; Northern Savannah; Southern Savannaha

Source: Authors.
Regions are for disaggregating agricultural sectors only.

a
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Table 6A.3—Growth elasticities with respect to public spending used in
simulations
Elasticity
Agricultural GDP with respect to agricultural spending (Scenario I)
Agricultural GDP with respect to agricultural spending (Scenarios II–IV)
Nonagricultural GDP with respect to nonagricultural spending (Scenarios II–IV)
Agricultural GDP with respect to nonagricultural spending (Scenario III)a,b
Agricultural GDP with respect to nonagricultural spending (Scenario IV)a,c
Education
Health
Feeder roads

Low Midpoint High
value
value
value
0.053
0.073
0.200
0.013
0.018
0.067
0.000
0.094

0.086
0.159
0.350
0.044
0.051
0.110
0.009
0.106

0.119
0.245
0.500
0.091
0.098
0.154
0.018
0.119

Source: Authors’ assumptions based on Fan, Zhang, and Rao (2004); Benin et al. (2008); Fan (2008).
Note: GDP = gross domestic product.
a
Weighted averages based on the elasticities associated with education, health, and feeder roads, where weights
are shares of spending on the three sectors in the total spending on them.
b
Shares of education, health, and feeder roads are 72, 23, and 5 percent, respectively.
c
Shares of education, health, and feeder roads are 53, 6, and 41 percent, respectively.

Table 6A.4—Values of parameters used in public investment simulations
Quantity and growth rate
Annual average agricultural GDP growth rate target, θ̂ag
GDP in base period (2007 GHS million)
Agriculture, Qag
Nonagriculture, Qnag
Annual average growth rate in GDP in base scenario (percent)
Agriculture, Q̇ag
Nonagriculture, Q̇nag
Amount expenditures in base year (constant prices 2007 GHS million)
Public agricultural expenditure, Eag
Public nonagricultural expenditure, Enag
Annual average growth rate in expenditures in base scenario (percent)
Agriculture, Ėag
Nonagriculture, Ėnag (Scenarios I–II)
Nonagriculture, Ėnag (Scenarios III–IV)

Baseline value
6.0
4,762.2
8,553.9
4.2
5.6
264.5
3,699.8
11.6
11.6
12.74
(continued)
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Table 6A.4—Continued
Elasticities
Agricultural GDP with respect to public agricultural expenditure, εQE
ag
(Scenario I)
Q
Agricultural GDP with respect to public agricultural expenditure, ε E
ag
(Scenarios II–IV)
Agricultural GDP with respect to public nonagricultural expenditure, εQE
nag
(Scenario III)a,b
Q
Agricultural GDP with respect to public nonagricultural expenditure, ε E
nag
(Scenario IV)a,c
Agricultural GDP with respect to the interaction of public agricultural and
nonagricultural expenditure, ΦQag,nag
Nonagricultural GDP with respect to public nonagricultural expenditure
(Scenarios II–IV)

Low
value

Midpoint
value

High
value

0.053

0.086

0.119

0.073

0.159

0.245

0.013

0.044

0.091

0.018

0.051

0.098

0.000

0.000

0.000

0.200

0.350

0.500

Source: The Ghanaian dynamic computable general equilibrium model.
Note: GDP = gross domestic product. Blank cells = not applicable.

Note
1. We assume that the elasticity of nonagricultural GDP to public nonagricultural spending is
0.35 and conduct a sensitivity analysis around this value (see Table 6A.3 in the appendix to this
chapter).
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Chapter 7

Rwanda
Xinshen Diao, Shenggen Fan,
Sam Kanyarukiga, and Bingxin Yu

D

espite a remarkable transition to peace and development over the past 10
years, Rwanda is still marked by the consequences of the 1994 genocide.
Gross domestic product (GDP) growth averaged 7.3 percent per year
between 1995 and 2006, and public investment has picked up and reached 9.4
percent of GDP in 2007. With security and political stability restored and the
business environment improved, private investment has risen from 6 percent in
2001 to an estimated 9 percent of GDP in recent years (Rwanda, MINECOFIN
2008). Progress has also been made in improving education and health indicators.
For examples, the number of primary school students rebounded to pre-genocide
long-term levels only five years after the conflict. Today Rwanda’s gross primary
school enrollment ratio is higher than in most other Sub-Saharan countries with
similar income levels, and the number of students in secondary school has almost
tripled since 1996 (Lopez and Wodon 2005). Moreover, in terms of health indicators, World Bank (2008a) estimates that, while infant mortality increased from 85
to 137 per thousand between 1988–92 and 1992–94, it has since receded to 97.5
per thousand in 2006.
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Despite impressive progress in Rwanda, severe challenges remain for longerterm development. The destruction of human and physical capital that ensued during the genocide greatly reduced productivity, household incomes, and government
revenues, leading to an increase in poverty. Moreover, the consequences of armed
conflicts for an economy can be long lasting, even if growth rates recover within a
short period after conflict. By 2006 per capita income in Rwanda, measured by real
GDP, was still lower than before the genocide. Challenges also arise from the country’s lack of natural resources and social and institutional constraints. Being landlocked and resource poor, Rwanda is often grouped with those African countries
facing the most serious binding constraints to development (Ndulu and O’Connell
2006). In addition, a history of social division and ethnic diversity increases the
country’s need for ethnically neutral institutional development (Bigsten and Isaksson
2008). Thus, with per capita income of US$260 per year and about 60 percent of
the population living on less than US$1 per day, Rwanda today remains poor and
underdeveloped. Economic growth must accelerate if Rwanda is to meet its development goals of halving its national poverty rate and thereby achieving the first
Millennium Development Goal (MDG), even by the country’s revised 2020
deadline.
To address these development challenges, the Government of Rwanda has
firmly committed itself to reducing poverty and stimulating higher and more sustainable economic growth, as articulated in its overarching strategy Vision 2020
(Rwanda, MINECOFIN 2000) and in its first Poverty Reduction Strategy Paper
(PRSP) (Rwanda, MINECOFIN 2002). Agriculture features prominently in both
strategy documents. According to Vision 2020, agricultural transformation is
expected to boost off-farm growth in both formal and informal sectors, with the
effect of reducing the proportion of the population dependent on agriculture from
the present 87 percent to 50 percent by 2020. In addition, because of low agricultural productivity, there is considerable scope for substantial income gains in the
short run by investing in higher productivity. In the most recent PRSP (Economic
Development and Poverty Reduction Strategy 2008–12 [EDPRS]), the focus on
agriculture, particularly on improving productivity and infrastructure, has been
further strengthened, and the distributional effect of growth is seen to matter more
over time (Rwanda, MINECOFIN 2008).
In light of these agricultural transformation objectives, this chapter evaluates
the effectiveness of different agricultural growth strategies in reducing national
poverty in Rwanda. More specifically, we seek to answer three policy-related questions: (1) Which agricultural growth sources are the most pro-poor? (2) How can
economic linkages between agriculture and nonagriculture be strengthened such
that nonfarm activities become a more important income source for poor households? (3) What are the most cost-effective public investment choices for stimulat-
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ing shared growth and poverty reduction? To address these questions, we apply the
recursive dynamic computable general equilibrium (DCGE) model described in
Chapter 2 to the Rwandan economy. The third question is addressed by using a
combination of cross-country analysis and detailed country-specific investment
costing and analysis. The latter is unique to the Rwandan case study and provides
an alternative approach to either the top-down or full integration approaches used
in the other country studies in this volume.
The chapter is structured as follows. We first describe the structure and past
performance of the agricultural sector in Rwanda and review the country’s main
agricultural and development strategies. We then describe the data sources used to
calibrate the Rwandan DCGE model and describe some “stylized facts” about
Rwanda’s agricultural sector that emerge from this new economywide database. The
model results are then presented for the baseline growth scenario, the accelerated
agricultural growth scenarios, and the detailed investment analysis. The final section
draws together our findings from the Rwandan case study and identifies policy
options for realizing agricultural growth and poverty reduction.
Agriculture in Rwanda
Agriculture’s Economic Performance

Agriculture features prominently in the Rwandan economy and accounts for about
two-fifths of total GDP. Agricultural commodities, mainly tea and coffee, generate
70–90 percent of total export revenues. The modest production gains achieved in
coffee and tea in recent years have allowed Rwanda to broaden its revenue base, but
the per capita value of commodity exports remains far lower than the average for
Sub-Saharan Africa. In addition to its importance for food security, agriculture is
also the largest source of employment in Rwanda and is the country’s main comparative advantage. Experiences in other countries have also shown that agricultural
productivity growth is the primary driver of poverty reduction, both through its
direct effects on farmers’ incomes and through its indirect effect on the reduction
of food prices (Thirtle, Lin, and Piesse 2003; Byerlee, Diao, and Jackson 2005;
Bezemer and Headey 2008).
Despite agriculture’s important role in Rwanda, the sector faces huge challenges. The recent performance of Rwanda’s agricultural sector has been disappointing. Productivity in many staple crops and the livestock sector has remained flat,
while the average farm size has declined. With many rural households surviving on
subsistence farming, and few growing commercial crops, income growth is stagnant
for many farmers. Furthermore, Rwanda is the most densely populated country in
Sub-Saharan Africa, with 574 inhabitants per square kilometer of arable land even
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in the late 1980s (Clay 1996). Virtually all arable land in the country is used for
agricultural purposes. The country has one of the highest population growth rates
in the world, its population having doubled from the 1970s to the 1990s. About
800,000 people (more than 10 percent of the population) died in the genocide of
1994 (Verwimp 2003), causing the population to decline by 23 percent during
1990–95. However, by 2006 the country’s population was already 34 percent more
than its highest pre-genocide level. Given that Rwanda is so densely populated, the
country’s emphasis on traditional subsistence farming and its high population
growth have left many farmers’ incomes even lower than they were during the pregenocide period.
Lack of new land for agriculture is also due to the geographic and ecological
constraints of the country. The country is dotted with steep hills, where altitudes
and slopes can change dramatically within “shouting distance” (Blarel et al. 1992).
Land scarcity has compelled farmers to cultivate fragile, steep-sloping holdings,
which has contributed to declining agricultural productivity and has huge environmental costs. The household-level analysis of Clay et al. (1995) shows that on highly
eroded farms, an additional hectare produces 20–36 percent less than on farms with
little erosion. According to the Rwandan Environment Management Authority
(REMA), without applying such conservation measures as terracing, the cultivation of land on steep slopes has caused substantial soil erosion that has resulted in
1.4 million metric tons of soil lost each year. This erosion reduces the country’s
capacity to feed 40,000 people annually and is equivalent to 1.9 percent of the
country’s total GDP (REMA 2009). It is thus particularly urgent for Rwanda to
emphasize an agricultural strategy that promotes environmentally sustainable land
management, investments in soil conservation and fertility, and improvement in
land productivity through various channels.
Structure of the Agricultural Sector

The new economywide database constructed for the DCGE model (described later
in this chapter) permits a detailed analysis of the structure of agriculture in Rwanda
in 2006. Based on these data, several stylized facts emerge. The first is that Rwandan
agriculture is characterized as a sector with few export opportunities besides the two
traditional export crops, tea and coffee. This restriction is to be expected for a landlocked country with poorly developed roads and other infrastructure. Approximately
1.4 million rural households depend mainly on agriculture for their livelihoods, and
almost two-thirds of their products are destined for their own home consumption.
According to the economywide database, very few crops other than tea and coffee
are exported. Moreover, the value of these exported crops is a tiny percentage of total
production. One of the most important export crops other than tea and coffee is
pyrethrum. Because pyrethrum is still a very small sector, we refer to it and other
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small export crops as simply “other export crops.” Other nontraditional exports
include vegetables and fruits, but the share of exports in total production is small:
0.62 percent for vegetables and 0.15 percent for fruits.
According to Fowler et al. (2007), some staple crops have comparative advantage in regional trade. Regional export-oriented crops include potatoes, rice, wheat,
maize, and soybeans. Without information on informal cross-border trade, the
economywide database captures only a very small portion of such trade in potatoes,
accounting for 0.40 percent of potato production. Banana production is dominated
by cooking bananas, but it also includes beer and fruit bananas. They are also
exported (mainly fruit bananas), but the share of exports in total banana production
is only 0.01 percent. Rwanda does export some livestock products, but the share of
such exports in total livestock production is very small (3.2 percent). Lack of market
access for exports will become a constraint when growth in agriculture accelerates.
This concern will be further analyzed in the model simulation analysis.
Although about 90 percent of the economically active population has been
engaged in agricultural activities, some food products depend on imports to meet
domestic demand in Rwanda. Currently, imports of wheat, maize, and rice account
for 20–36 percent of domestic consumption. During urbanization, population
growth, and per capita income growth, imports of these grain products, which are
often income elastic in the early stage of development, are expected to further increase
if domestic production cannot keep up with the growth in demand for them.
The second stylized fact is the extremely small holding size for farmers. With
the highest population density in Africa, the average rural households’ landholding
is 0.75 hectares (ha) and per capita landholding is 0.15 ha. With such a small average
size, smallholder farmers are expected to dominate the agricultural economy. The
second Household Living Conditions Survey (EICV2) (NISR 2006) shows that 77
percent of rural households have less than 1 ha per household, the average household holding size for this group of households being 0.37 ha. Limited access to land
is a key indicator explaining income inequality and poverty in the country, where
the dominant source of income in the rural area is from the agricultural sector. A
simple regression shows that there is a strong correlation between the size of landholding and household income. Table 7.1 summarizes the population distribution
by landholding size. It indicates the importance of productivity-led smallholder
agricultural growth in poverty reduction.
The third stylized fact is the dominance of foods in household expenditure.
With a low income level for most households, an average Rwandan rural household
spent 77 percent of its income on food consumption in early 2000s (the first
Household Living Conditions Survey [EICV1] took place in 1999–2001) (Rwanda,
MINECOFIN 2003) and 68 percent in more recent years (EICV2 took place in
2005–06). Food accounted for 47 percent and 43 percent, respectively, of total
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Table 7.1—Population distribution (percent)
Rural

Source / indicator
EICV1 (1999–2001)
Population share
Poor population share
Poverty rate
EICV2 (2005–06)
Population share
Poor population share
Poverty rate

Households
with less than
1 ha of cropland

Households
with more than
1 ha of cropland

Rural
total

Urban
total

National
total

65.0
76.6
71.1

24.6
20.9
51.4

89.5
97.5
65.7

10.5
2.5
14.3

100.0
100.0
60.3

61.1
73.3
68.2

22.3
18.3
46.7

83.4
91.6
62.5

16.6
8.4
28.7

100.0
100.0
56.9

Source: Authors’ calculations based on EICV1 (1999–2001) and EICV2 (2005–06) (Rwanda, MINECOFIN 2003
and 2007).
Notes: The poverty rate is the proportion of the population with per capita consumption below the poverty line.
ha = hectare. EICV1 and EICV2 = first and second Household Living Conditions Surveys.

consumption spending for an average urban household in these two time periods.
Aggregation of rural and urban households into 10 groups by level of per capita
income shows, not surprisingly, that food consumption accounts for a much higher
share of total spending among poor households. For example, the poorest 20 percent
of rural households must spend 86 percent of their income on food; for the poorest
20 percent of urban households, the share of total spending on food is 65 percent.
Income elasticities were estimated following the approach of King and Byerlee
(1978). The results show that the marginal budget share for food consumption
declines only slightly, from the current share (average budget share) of 59.3 percent
(in EICV2) to 56.7 percent for the country as whole. That is to say, for each increase
in income of 100 Rwandan francs (RWF100), an average Rwandan would spend
additional RWF56.7 on food and the rest on other kinds of consumption. This
observation further indicates the importance of promoting agricultural growth for
improving food security in the country.
The fourth stylized fact is the diverse diet and agricultural production structure
in the country. For example, root and tuber crops are the most important staples in
the country. In South Province, West Province, and North Province these crops
account for more than 40 percent of agricultural production (in value terms), and
they account for 25 percent in East Province. Most cereals are produced in the east,
and they account for a higher share of the region’s overall agricultural production
than in the other regions. In terms of high-value crops, coffee and tea are produced
outside East Province, predominantly in the western part of the country. However,
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the share of vegetable and fruit production is the highest in the East Province,
although the current export opportunities for these crops are small.
The economywide database developed for this study disaggregates the agricultural sector to the district level, including the 28 districts that report agricultural
production. Production diversification is more obvious at the district level. There
are 18 districts that are the most important producers of the country for at least
one crop. For example, 38–100 percent of production of export crops (such as tea,
coffee, and other cash crops) is concentrated in just three districts. Rice and wheat
production is also relatively concentrated, with the three most important districts
producing 48.4 percent (rice) and 58.7 percent (wheat) of national production of
these crops. The next two most concentrated staples are maize (31.6 percent) and
potatoes (33.3 percent). For the remaining crops, the top three producing districts
account for less than one-third to one-fifth of national production. The concentration of production of export and high-value staple crops in a few districts indicates
that the gains from promoting growth in such crops are unlikely to be distributed
evenly among districts and rural households. Whether such uneven distribution in
high-value production affects income distribution and poverty reduction is clearly
a policy issue.
Agricultural Policies and Development Strategies

This section briefly reviews Rwanda’s recent agricultural strategies. The first comprehensive strategic document—Vision 2020—was published in 2000 as a result of
a broad national consultative process that took place in 1998–99 (Rwanda,
MINECOFIN 2000). The major aspiration of Vision 2020 is to transform Rwanda’s
economy into a middle-income country with per capita income of US$900 per year
by 2020 (from less than US$300). Transformation of agriculture from its current
traditional and subsistence system into a productive, high-value, market-oriented
sector with forward linkages to other sectors was emphasized in the document.
Vision 2020 rightly points out that the most important binding constraint of
Rwandan agriculture is its low productivity associated with a traditional subsistence
farming system, not the average size of landholdings. Agricultural policy will focus
on promoting intensification to increase production. Vision 2020 has provided
direction for the country’s agricultural development strategy (in the form of eight
key policy areas that need urgent attention to bring about the transformation).
However, because it is a rather short document (25 pages), there is no detailed plan
in Vision 2020 for any of these policy areas.
In 2002 Rwanda published its first PRSP covering the period up to 2005
(Rwanda, MINECOFIN 2002). In the PRSP, the importance of rural development
and agricultural transformation was emphasized and moved to the top of a list of
six priority areas (it was the second priority in Vision 2020, after reconstructing the
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nation and its social capital on the basis of good governance and a capable state).
Moreover, unlike in Vision 2020, agriculture has been integrated into a broad concept of rural economic transformation in PRSP 2002. In addition, raising agricultural productivity and rural income, including generating opportunities to earn
income outside agriculture, have become general goals for this transformation
(Rwanda, MINECOFIN 2002, 9).
Agriculture has therefore been chosen as the primary engine of economic
growth, and it will be driven by increased fertilizer use (targeted to contribute 75
percent of agricultural growth), along with improvement of wetland management
and crop intensification. The PRSP notes that at the current level of technology,
smallholder agriculture is the most productive, and the transformation can be
achieved by smallholder households who will be supported by energetic public
action. The PRSP also emphasizes the increase and diversification of exports, including agroprocessing exports, to find new engines of growth. The most important
development in the PRSP is an explicit discussion on the linkages between agriculture and environmental sustainability. The decline in soil fertility in the country “is
compounded by soil erosion and the reduction of the water table in some areas and
hence agricultural intensification must be accompanied by environmental actions
to manage water flows, control soil erosion and improve the soil structure” (Rwanda,
MINECOFIN 2002, 36).
As a part of the action plans discussed in PRSP 2002, an agricultural sector
strategy was developed in 2004 through the National Agricultural Policy (Rwanda,
MINAGRI 2004a) and the Strategic Plan for Agricultural Transformation in
Rwanda (PSTA) (Rwanda, MINAGRI 2004b). The first part of PSTA provides an
overview of typology and characteristics of agricultural farms, sector institutions,
rural poverty, food and nutrition, land and labor productivity, and the role of
women in agriculture. It also contains an analysis that covers broad aspects of agriculture, including natural resource management and water and soil conservation;
crop and animal production and commodity chains; farmers organizations; agribusiness; infrastructure; legal and regulatory framework; and financing, coordination, monitoring, and evaluation of the agricultural sector. The second part of PSTA
details the strategic plan, priority programs, expected outputs, and the contribution
of other sectors to support agricultural development. The third part of PSTA provides an action plan and estimates financial requirements. Although 10 strategic
aspects of agricultural and rural development are highlighted in the second part of
PSTA, the document correctly emphasizes that this strategy has to be progressive,
flexible, and dynamic.
PSTA comprises four principal priority programs with 17 subprograms. Their
expected results appear in the quantified objectives of the third part of PSTA as the
Plan of Action. PSTA also emphasizes the interrelations between the four principal
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priority programs: (1) intensification and development of sustainable production
systems, (2) support to the professionalization of producers, (3) promotion of commodity chains and development of agribusiness, and (4) institutional development.
Each principal priority program further comprises subprograms, and for each subprogram the document provides a brief synthesis of the diagnosis of the current situation, the strategy, specific objectives or targets, and specific actions. For example,
in the first principal priority program (intensification and development of a sustainable production system), there are five subprograms: (1) sustainable management
of natural resources and conservation of water and soils; (2) development of integrated agricultural and livestock systems and promotion of specialized intensive
animal husbandry; (3) development of marshland and irrigation; (4) supply and use
of agricultural inputs; and (5) establishment of food security, implementation of
risk management, and evaluation of vulnerability.
The PSTA also includes a table providing indicative and allocated fund estimates for each program and subprogram. However, there exists a significant gap
between the demands (indicative funds) and supply (allocated funds) in the estimates. Although this gap is explicitly presented in the table, the document does not
discuss how to fill this gap. This raises the question of how to actually prioritize
resource allocation to different programs facing a budget constraint that was already
clear when the plan was developed, and hence, how to implement these programs
when faced with such financial constraints.
There is no doubt that Rwanda’s agricultural strategic plan is a comprehensive
document supported by strong evidence developed through a broad consultation
process. However, given the constraint of limited financial resources facing the
government, how to sequence and prioritize the programs remains a challenge.
Moreover, although agriculture is known to be an engine of growth that is generally
pro-poor, it still requires empirical evidence to explicitly measure the linkages of
growth at the subsector level and overall economic growth and poverty reduction.
The analysis in this chapter provides some answers for these highly policy-relevant
questions. We first simulate a scenario of modest growth in both agricultural and
nonagricultural sectors up to 2015, based on the country’s historical data.
The Rwandan DCGE Model

Most existing studies on Rwandan agriculture and agricultural policies are at the
microlevel and focus on natural resource management. For example, in a study on
farm fragmentation Blarel et al. (1992) used farm-level data for 1987–88 for
Rwanda’s three prefectures and found both drawbacks to and possible benefits from
farm fragmentation for farmers. Clay et al. (1995), in collaboration with the Division
of Agricultural Statistics (DSA) of the Rwandan Ministry of Agriculture, measured
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both the cost of erosion to land productivity and the returns to soil conversation
investments using national farm household survey data between 1983 and 1994.
Using data from a similar survey for 1991, Clay (1996) analyzed farmers’ ability and
willingness to invest in conservation and soil fertility technologies. The study done
by Roose and Ndayizigiye (1997) analyzed water and soil fertility management to
fight erosion in tropical mountains of Rwanda using plot-level data. A study done
by Kelly et al. (2001a), using data from an agricultural survey of 2000’s first season,
further emphasized the importance of anti-erosion investment and use of fertilizers
to agricultural productivity, rural income, and food security. Beyond agricultural
production, Verpoorten and Berlage (2004) conducted a comparison of rural household strategies used to improve income and reduce poverty. The study of von Braun,
de Haen, and Blanken (1991) is much more comprehensive; it measures the effects
of commercialization in Rwanda on production, income, employment, consumption, and nutrition using household survey data.
Although these studies provide detailed knowledge about and policy options
for the country’s agricultural and rural economy, a knowledge gap exists in the literature, because no study explicitly focuses on the linkages between the agriculture/
rural sector and the rest of economy. Nor do these studies evaluate the contribution
of rapid agricultural growth to poverty reduction, and the public investment required
to support such growth. The methods used in the previous studies are unsuitable
for analyzing these growth linkage issues. We therefore developed a new DCGE
model for Rwanda.
A SAM is the underlying database for a DCGE model. The one developed for
this analysis is an extended version of the unpublished 2006 SAM of Rwanda constructed by Arnault (2007). This original SAM was constructed for the national
economy and included 51 agricultural and nonagricultural sectors and two primary
factors—labor and capital. For the purpose of this study, this SAM has been further
disaggregated (see Table 7A.1 in the appendix to this chapter). The key adjustment
was to disaggregate agricultural production, households, and primary factors. In our
SAM, we first disaggregate all agricultural activities into 30 districts and within each
district into two types of farm groups (small farms and medium–large farms) to
better capture heterogeneity in production structure across districts. We also disaggregate labor into unskilled agricultural labor, unskilled nonagricultural labor, and
skilled labor, and we disaggregate capital into capital and agricultural land. We then
further disaggregate capital into sector-specific capital, economywide agricultural
capital, and economywide nonagricultural capital. We assume that land cannot be
mobile across districts or among farm groups, which implies that there are 56 categories of land.
In addition to disaggregated primary factors and agricultural production,
households and their incomes are further disaggregated. Most Rwandan farmers are
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involved in staple crop and livestock production, but the opportunities to participate in high-value crop production are not equally distributed among them. For
example, tea, one of the country’s most important export crops, is only produced
in 10 of the 30 districts, mainly in West Province. Moreover, tea is produced by
farmers with large landholdings, though small farmers can participate as laborers.
In the case of coffee (the other important export crop of the country), 19 districts
produce coffee, but the main production area is concentrated in South Province and
West Province. With such uneven distribution in export crop production opportunities, if public support concentrates on promoting tea and coffee production and
exports, the benefits of such a policy would not be likely to reach those farmers
outside areas growing tea and coffee. Without a disaggregated SAM, and hence a
disaggregated DCGE model, such uneven distribution in the income gains from
tea and coffee promotion policies would be ignored, as well as the impact on poverty
reduction of such policies.
The disaggregation of the SAM is based on the information drawn from the
EICV2 (NISR 2006) and the Rwanda Agricultural Survey 2006 (Rwanda,
MINECOFIN 2007). After disaggregation on the production side, there are 960
production activities for 16 crop sectors (16 sectors × 30 districts × 2 types of farms =
960), 270 production activities for 9 livestock sectors (9 sectors × 30 districts = 270),
and 28 nonagricultural sectors defined at the national level. Sixty-two primary factors
are distinguished (3 for labor, 3 for capital, and 56 for land). On the demand side,
62 representative household groups: 60 (30 districts × 2 types of farm households =
60) in the rural area and 2 in the urban area. On the demand side, we also consider
the difference between consumption met by farmers’ own production and consumption met through the market. The first type of consumption reflects a subsistence
pattern of agricultural production, which exists alongside smallholder agriculture; such
consumption is determined by the production that occurred in each district and farm
group. Consumption met by the market is more sensitive to change in prices in the
market and income received from both agricultural and nonagricultural activities,
which are modeled explicitly in the simulations discussed later.
Baseline Growth Scenario

Because of sharp production declines in 1994 in Rwanda, the year of the genocide,
the post-1994 growth rate was comparatively high and has only recently slowed
down. According to World Bank (2008a), during the post-genocide period of
1995–2006, growth rates for total GDP and agricultural GDP (AgGDP) were 7.3
and 6.9 percent annually, respectively, whereas growth has slowed in both total
GDP and AgGDP in recent years. During 2002–06 the annual growth rate for
total GDP was 4.03 percent, and that for AgGDP was 0.53 percent. This poor

176

XINSHEN DIAO ET AL.

growth performance of AgGDP in the recent period is the reflection of the severe
drought in 2003 after the above-normal harvest of 2002, followed by another bad
year in 2004. Even considering a longer period (for example, 2000–06), the annual
AgGDP growth is still low (4.1 percent) compared to total GDP growth (5.4 percent). Data from Rwanda, MINAGRI (2007) show that total crop production grew
at 4.7 percent per year during 2001–07. During this period 30–40 percent of crop
production growth was due to area expansion, and the remaining 60–70 percent
was due to yield increases (the majority of these increases represented a recovery
from the declines of 1994). Clearly, such rapid growth is unsustainable, particularly
given the land constraint. Consequently, much more modest land-based expansion
is assumed in the model, including the promotion of double cropping and intercropping farming practices. Total crop area is assumed to increase by 0.5 percent
per year, implying a cumulative increase of about 80,000 ha of cultivated area from
1.69 million ha in 2006 to less than 1.77 million ha by 2015. The growth rates for
individual crop yields are chosen to approximate their national average growth rates
during 2001–06, with certain adjustments for some crops with particularly high
yields during this period (for example, rice grew at 8 percent per year, and vegetables
and fruits grew at more than 15 percent).
The base year 2006 was chosen for the model, and the model’s business-as-usual
(or baseline) simulation indicates that, with modest growth of 3.8 percent in agricultural production together with 5.1 and 5.7 percent annual growth in industry
and services, respectively, national GDP grows at 4.8 percent annually, and per
capita GDP grows at about 2.9 percent. Crop- or sector-level baseline simulation
results are reported in Tables 7.2a and 7.2b (for crop and noncrop sectors, respectively). The model result for the growth rate of national GDP is higher than that
for 2002–06 (4.0 percent annually) and slightly lower than that for 2001–06 (5.1
percent annually).
The model results also show a modest reduction in national poverty and an
improvement in food security. The poverty rate falls to 46.7 percent by 2015, compared with 60.3 percent in 2001 (EICV1 data) and 57.0 percent in 2006 (EICV2
data), although the rate was higher in rural areas (63.4 percent) than in urban areas
(28.8 percent). Such a reduction in the poverty rate together with population
growth results in a decline in the number of the poor of only 220,000 from its current level of 5.45 million (that is, to 5.23 million by 2015). The poverty reduction
in the model as a result of GDP growth is slightly more optimistic than what was
experienced in 1999–2005 between the two rounds of household surveys (EICV1
and EICV2). During this period, per capita GDP grew at 2.3 percent annually,
while the national poverty rate fell from 60 percent to 57 percent, which indicates
that for every percent annual growth in per capita GDP, the national poverty rate
fell by 0.42 percent (not percentage point). In the baseline simulation model, 1

1,692
23
115
14
170
140
139
119
25
388
51
366
34
59
29
13
8

1,775
25
126
18
162
149
136
123
29
410
51
393
32
61
34
16
9

2015
(thousands
of ha)
0.5
1.1
1.0
3.0
–0.6
0.7
–0.2
0.4
1.7
0.6
0.1
0.8
–0.6
0.4
2.0
2.0
1.2

Growth
rate
(percent)
0.9
0.8
4.5
1.1
9.2
5.6
6.3
5.0
0.8
5.4
7.2
9.9
0.6
0.7
1.2
19.9

2006
(metric
tons/ha)
1.2
1.0
4.9
1.5
11.9
6.9
8.0
6.0
1.0
7.3
10.0
14.3
0.8
1.1
1.7
26.5

2015
(metric
tons/ha)

Yield

3.8
2.8
0.9
3.7
2.9
2.4
2.8
2.2
2.7
3.5
3.6
4.1
3.2
4.1
4.1
3.2

Growth
rate
(percent)
20
92
63
187
1,286
777
743
125
298
271
2,652
339
36
21
16
162

2006
(thousands
of metric tons)
30
129
89
246
1,769
940
988
177
402
374
3,927
463
50
36
27
240

2015
(thousands
of metric tons)

Output

Sources: Authors’ calculations using Rwanda, MINAGRI (2008) for 2006 and the Rwandan dynamic computable general equilibrium model results for 2015.
Note: ha = hectare. Blank cells = not applicable.

All crops
Wheat
Maize
Rice
Sorghum
Potatoes
Sweet potatoes
Cassava
Other roots
Pulses
Vegetables
Bananas
Other fruits
Oilcrops
Coffee
Tea
Other exports

Sector

2006
(thousands
of ha)

Area

Table 7.2a—Simulated baseline national crop production trends

5.0
3.9
4.0
3.1
3.6
2.1
3.2
3.9
3.4
3.6
4.5
3.5
3.6
6.2
6.2
4.5

Growth
rate
(percent)

RWANDA
177

13
2
1
1
8
1
1
39
6
11
5
5
8
9
1
17
9
3
5

19
3
2
2
15
3
3
54
9
16
8
9
17
16
2
25
15
5
11

Output,
2015
(RWF million)
4.2
4.5
3.8
4.6
7.3
7.5
7.0
3.8
4.8
3.7
5.6
6.7
8.3
6.7
3.9
4.6
5.7
3.9
10.3

Annual
growth
(percent)
Wood, paper, and printing
Chemicals
Nonmetallic minerals
Other manufacturing products
Electricity, gas, and water
Construction
Wholesale and retail trade
Hotels and restaurants
Transport
Communications
Finance and insurance
Real estate
Business services
Repair
Public administration
Education
Health
Other personal services

Sector
4
7
9
12
9
97
135
12
52
33
74
90
26
10
93
62
20
14

Output,
2006
(RWF million)
5
11
13
16
14
147
199
19
95
66
135
166
49
18
133
91
30
21

Output,
2015
(RWF million)

Sources: Authors’ calculations using the social accounting matrix for 2006 and the Rwandan dynamic computable general equilibrium model results for 2015.
Note: RWF = Rwandan francs.

Bovine cattle
Sheep and goats
Swine
Poultry
Raw milk
Eggs
Other livestock
Forestry
Fishing
Mining
Meat, fish, and dairy products
Processed cereals
Processed coffee
Processed tea
Bakery and processed sugar
Traditional beverages
Modern beverages
Tobacco
Textiles and clothing

Sector

Output,
2006
(RWF million)

Table 7.2b—Simulated baseline national noncrop production trends

4.1
5.5
3.8
3.7
4.5
4.8
4.4
5.3
7.0
8.0
6.9
7.1
7.2
7.4
4.0
4.3
4.4
4.4

Annual
growth
(percent)
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percent of per capita GDP growth results in a 0.71 percent decline in the national
poverty rate. The model results also show that the current gap between supply and
demand in the food sector would continue to increase. Imports of maize will double,
and rice imports will rise by 70 percent by 2015 from their current levels, making
Rwanda increasingly dependent on imports or food aid to meet its basic needs for
many staple foods.
Accelerated Growth Scenarios

Quantitative assessment of how the growth in each agricultural subsector will contribute to overall economic growth and poverty reduction is crucial for understanding the role of agriculture in broader development. Recent policy debates on
agricultural development in Africa have been about such issues as the role of smallholders and that of food staples versus export crops. Despite numerous Asian case
studies that have proved the important role of agriculture in development, there is
doubt about whether agriculture can successfully generate enough growth in Africa
today (see, for example, Collier 2003; Maxwell and Slater 2003; Ellis 2005). With
rapid expansion in international agricultural trade, many see high-value commodities, such as fruits, flowers, and vegetables, as the best opportunities for African
farmers. Many African countries are being encouraged to expand into high-value,
nontraditional exports and to improve the quality of their traditional tree-crop
exports. In Rwanda these sectors, such as coffee and tea, have also attracted more
attention and support from the government.
In this section we describe a series of subsector agricultural growth scenarios to
specifically address these issues. Based on the actual growth targets at the agricultural
subsector level, we quantitatively assess the following important policy issues:
1. What is the contribution of each agricultural subsector to broad growth and
poverty reduction goals?
2. Why is staple growth so important for overall economic growth and poverty
reduction?
3. How can staples-led growth help the country to meet the Comprehensive Africa
Agriculture Development Programme (CAADP) goal of 6 percent growth and
achieve the first MDG to halve poverty?
4. What is the role of the export agricultural sector?
5. What is the role of nonagricultural growth in this development process?
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Although we can simulate growth targets for each crop and subsector, such
isolated growth is almost impossible in reality. Thus, we also describe a scenario (the
“CAADP scenario”) in which growth occurs simultaneously in all subsectors to meet
the targets set by the government. We first discuss the results from this scenario
before focusing on individual subsectors.
Agricultural and Total GDP Growth Results

With detailed production targets at the agricultural subsector level developed by the
Government of Rwanda, such questions as whether these growth targets can support
the broad goal of 6 percent agricultural growth and how such growth contributes
to halving poverty by 2015 (that is, the first MDG) remain to be answered. The
model simulation shows that if the desired targets at the agricultural subsector level
can be achieved, then agricultural GDP would grow by 6.3 percent during 2007–
15, thus almost doubling the baseline growth rate. This represents total GDP
growth of 6 percent, compared with the 4.8 percent baseline level. If additional
yearly growth of 2.8 and 2.4 percent is assumed to occur in the industrial and service
sectors, respectively, then linkages between nonagriculture and agriculture boost
agricultural growth to 6.5 percent per year, while total GDP growth rises to 7.4
percent per year. At this rate, per capita GDP grows at 5.5 percent annually, thus
doubling the baseline rate. With such high growth rates, national poverty falls to
35.5 percent by 2015, which is 24.5 percentage points lower than the rate in 1999
and 11.2 percentage points lower than the 2015 baseline. If such growth trends
continue until 2020, the country would be able to achieve its first MDG by halving
the 1999–2001 poverty rate of 60 percent, albeit only by extending the deadline for
achieving that goal to 2020.
Household Income and Poverty Effects

Growth may not benefit rural households equally. Empirical studies in other
countries often show that rapid economic growth does not always result in shared
growth (Akita and Kawamura 2002). Differences in poverty reduction and income
growth across regions have also been observed in China (Chen and Ravallion 2000; Kanbur and Zhang 2004). Thus, it is essential to further assess the
income and poverty effects of agricultural growth at the household level.
In the case of Rwanda, the simulation results indicate that rapid agricultural growth benefits the majority of rural households and that the distribution of benefits is relatively equal. Nevertheless, the household group with the
small landholdings appears to benefit less than the household group with medium–
large landholdings. In the scenario in which both agriculture and nonagriculture
grow, annual income growth for the small-farm group at the national level is
8.5 percent, whereas it is 9.0 percent for the household group with larger landholdings (Table 7.3). Rural poverty falls across provinces and household groups,

7.86
8.44
8.82
8.37
8.09
8.47
7.60
8.97
9.77
9.35
8.43
9.03

5.27
5.91
6.09
5.78
5.43
5.83

5.05
6.98
7.47
7.06
5.77
6.65

2.56
1.99
2.31
2.29
2.66
2.38

2.59
2.53
2.73
2.58
2.65
2.63
50.4
70.2
63.2
58.8
48.7
58.4

50.4
72.7
65.6
66.8
54.0
64.9

Base-year,
2006
(percent)

32.9
42.5
39.9
33.5
24.1
33.1

30.8
47.4
40.2
39.6
31.0
39.9

In combined
scenario, 2015
(percent)

Change
(percentage
point)

Combined
scenario
(percent)

Source: Rwandan dynamic computable general equilibrium model results.
Note: The poverty rate is the proportion of the population with per capita consumption below the poverty line.

Rural small-farm households
Kigali
Southern
Western
Northern
Eastern
National
Rural medium- to large-farm households
Kigali
Southern
Western
Northern
Eastern
National

Region

Baseline
(percent)

Poverty rate

Income growth rate

–17.5
–27.7
–23.3
–25.3
–24.6
–25.2

–19.6
–25.3
–25.4
–27.2
–23.0
–25.0

Change
(percentage
point)

Table 7.3—Rural income growth and poverty reduction for two of the farm household groups under the combined agricultural
and nonagricultural growth scenarios (percent)
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but at the national level poverty falls more among the group with larger landholdings than among the small-farm group. As the initial poverty rate is already
higher among small farmers, the difference in the poverty rate between these
two types of rural households is further widened by 2015. At the provincial
level, the poverty rate is highest in the South Province for both household groups.
Although the initial poverty rate of the southern small-farm group is 2.5 percentage points higher than that of the southern large-farm group, the poverty
gap between these two groups increases to 4.9 percentage points by 2015.
Subsector Growth and Poverty-Reduction Impacts

The different poverty-reduction effects of growth at the province level and among
different types of farm households relate to the different income sources of farmers
and the local agricultural production structure they face. Thus, as differing growth–
poverty linkages can occur in the agricultural subsector, it is important to understand such linkages when designing pro-poor growth strategies. For this purpose,
the poverty–growth elasticity was calculated to enable direct comparison of the various poverty-reduction outcomes. This elasticity was calculated for the two broad
agricultural products—staple food and export crops—as well as for each individual
crop or livestock product for which targeted growth was individually simulated.
Although agricultural growth is generally pro-poor, a gap in the poverty–
growth elasticities between staple crops, such as grains and roots, and agricultural
exports indicates the importance of staples for poorer rural households. If economywide growth is led by growth in grain crops, each 1 percent additional growth in
per capita GDP leads to an additional 1.74 percent decline in the national poverty
rate. The growth–poverty-reduction effect is particularly large in the case of maize,
which has an elasticity of –2.39 (Table 7.4). In contrast, if economywide growth is
led by growth in export crops, including both traditional export crops (such as coffee
and tea) and nontraditional ones (such as vegetables and fruits), a 1 percent additional growth in per capita GDP reduces the national poverty rate by 1.68 percent.
The model results indicate that putting staples at the top of the agenda can
promote broader economic progress and poverty reduction in Rwanda. This is true
in general in many African countries, as smallholders comprise more than 70 percent of the continent’s farmers (Johnson, Hazell, and Gulati 2003). A wide range
of research has also demonstrated the importance of food staples in driving growth
and contributing to a dynamic structural transformation of rural economies (Byerlee,
Diao, and Jackson 2005; Bezemer and Headey 2008; World Bank, 2008b; Diao,
Hazell, and Thurlow 2010). Acceleration in staples production has also been found
to produce secondary and tertiary effects on the broader economy by reducing food
prices for urban consumers, curbing overall inflation, and releasing scarce foreign
exchange for the importation of goods that are typically unsuited to production in
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Table 7.4—Poverty-reduction–growth elasticities
Sector driving additional growth
in gross domestic product
Maize
Rice
Wheat
Cassava
Potatoes
Sweet potatoes
Pulses
Bananas
Oilseeds
Coffee
Tea
Other export crops
Poultry
Other livestock
Fishing
Grains
Root crops
Livestock
Export crops
Agriculture
Agriculture with transport
Nonagriculture
All sectors

Elasticity
–2.39
–1.86
–1.60
–1.60
–1.40
–1.65
–2.59
–2.05
–2.17
–1.81
–1.63
–2.27
–0.45
–1.38
–2.11
–1.74
–1.54
–1.35
–1.68
–1.53
–1.37
–0.49
–0.97

Source: The Rwandan dynamic computable general equilibrium model results.
Note: Elasticity is the percentage reduction in the national poverty rate following a
1 percent increase in per capita total gross domestic product. The poverty rate is the
proportion of the population with per capita consumption below the poverty line.

Africa (Diao et al. 2007). And in the longer run the productivity growth in staples
agriculture will facilitate a more fundamental transformation in the broader economy through new opportunities for industry (for example, agroprocessing), growth
opportunities for rural nonfarm activities (Haggbalde, Hazell, and Reardon 2007),
increased regional and international trade, and new employment options through
expanded migration.
Agricultural Prices and Market Constraints

Growth may not always benefit producers, especially when it is unbalanced and
occurs in only a few agricultural subsectors. When growth targets are set too high
for some agricultural production, there is not enough demand from domestic markets, or it is difficult to export to balance increased supply, prices can fall significantly. This drop may hurt some farmers if they cannot adopt more productive
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technology in their production process. For this reason, it is necessary to look at the
price effect of growth, particularly for those agricultural products broadly grown by
smallholder farmers.
As shown in Figure 7.1, prices for most staple crops will either not decline or
decline only modestly if agricultural and nonagricultural sectors grow together. This
result is consistent with the information drawn from the two rounds of household
living conditions surveys (EICV1 and EICV2) discussed above. Given the current
extremely low level of income (and hence consumption) in Rwanda, the demand
for staple crops increases with income growth if broad growth can bring more
income to the majority of rural and urban households, particular poor households.
The domestic market will have to become the dominant destination to absorb the
increased supply for most staple crops. In fact, imports of maize actually grow quite
rapidly, driven by increased food and feed demand, indicating additional room for
further growth in maize production. Similarly, the domestic price for rice is expected
to fall modestly, causing import substitution. Although domestic demand for rice
doubles over nine years in the simulation, the ratio of imports to the domestic
consumption falls from 40 percent in 2006 to less than 30 percent by 2015. This is
also important for the country to help reduce dependence on the import of staple
foods, and hence, improve food security at the national level.
Figure 7.2 displays the changes in prices for selected livestock products. As the
growth targets are very high for these commodities, it is not surprising to see that,
although the income elasticity is also high for these commodities, prices for them fall
dramatically; for example, poultry and milk prices fall by 35–40 percent over the nine
Figure 7.1—Prices of selected staples in the combined growth scenario
Relative price
1.15

Bananas
Potatoes
Rice
Maize

1.13
1.11
1.09
1.07
1.05
1.03
1.01
0.99
0.97
0.95
2006

2007

2008

2009

2010

2011

2012

2013

Source: The Rwandan dynamic computable general equilibrium model results.
Note: Prices are normalized to 1.0.

2014

2015

RWANDA

185

Figure 7.2—Prices of selected livestock products in the combined growth
scenario
Relative price
1.00
0.95
0.90
0.85
0.80
0.75
0.70

Beef
Poultry
Milk

0.65
0.60
2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

Source: The Rwandan dynamic computable general equilibrium model results.
Note: Prices are normalized to 1.0.

years. Starting from a very small base, poultry and milk production and consumption
will have double-digit growth rates during this period. Declining poultry and milk
prices benefit consumers, but these low prices may push some small farmers out of
production, unless they significantly improve their productivity.
As discussed above, Rwanda depends heavily on agriculture for export revenues.
Agricultural exports account for 90 percent of total exports. This situation will be
further enhanced with rapid growth in export sectors, resulting in the growth of total
agricultural exports by 13 percent each year. In contrast, agricultural imports grow
much more slowly, at less than 7 percent, because of import substitution in many
agricultural food commodities. Although nonagricultural exports grow more rapidly
than the nonagricultural imports, the total value of nonagricultural exports is much
smaller than that of imports. This imbalance results in an increased deficit in nonagricultural trade. Thus, the agricultural trade surplus becomes increasingly important to finance nonagricultural imports. When both agricultural and nonagricultural
sectors grow in tandem, the ratio of agricultural trade surplus to nonagricultural trade
deficit rises from its current value of about 0.08 to 0.29 by 2015.
Agricultural Investment Analysis

Achieving the growth required for Rwanda’s agricultural sector to meet both CAADP
growth and MDG poverty-reduction targets is a challenging task. In addition to an
improved policy environment, public investment is instrumental not only in
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improving public services and provision (such as research and extension, rural infrastructure, and education) but also in attracting private investment and inputs. The
following discussion focuses on public sector spending on agriculture required to
achieve these goals and the potential returns to investments in different subsectors
of agriculture.
The previous analysis indicates that agricultural GDP could grow at more than
6 percent annually over nine years in the simulation if agricultural commodity or
subsector growth can reach national targets identified by the Government of
Rwanda. These growth targets are consistent with CAADP goals and will significantly reduce poverty. The model results show that with more than 6 percent growth
in agriculture together with rapid growth in the nonagricultural sector, Rwanda will
be able to achieve the first MDG of halving poverty by 2020.
To promote more rapid agricultural growth and greater poverty reduction, the
Government of Rwanda has already committed to increasing its investment in
agriculture, and many agricultural development programs are being implemented.
Moreover, the government has also increased investment in rural infrastructure,
markets, and supply chains to improve the external environment for agricultural
growth and rural development. Such large-scale public investment is not only necessary for agricultural growth and rural development but is also a precondition for the
private sector, including farmers, to increase their investments. All these interventions and investments will build a solid foundation for enhanced agricultural
growth, but the short implementation period makes ex post assessment of the
impacts of these endeavors on future growth difficult. For this reason, an ex ante
approach is developed for this chapter. We first focus on the amount of public
investment in agriculture required for achieving the growth targets discussed in the
previous section. We then introduce the newly developed ex ante approach and
apply it to assess the potential returns of agricultural investment and the relationship
between targeted growth and increased agricultural investment at the subsector
level.
Estimating Total Spending Required for Agricultural Growth

Official national agricultural spending data are only available for 2001–06; additional data (1995–2000) were drawn from IMF (2004). The estimated elasticity of
agricultural growth with respect to agricultural spending during 1995–2005 is 0.17.
This elasticity is much lower than the African average of 0.366, which is based
on cross-country estimations using a much longer data time series (Fan, Yu, and
Saurkar 2008). Because of Rwanda’s recent history and the large amount of spending required to recover basic agricultural production in genocide-affected areas, the
estimated elasticity for agricultural spending–agricultural growth may not represent
the true relationship in the future. Moreover, many productive investment projects
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were initiated only recently, and their potential effects on agricultural growth cannot
be captured in an econometric analysis. For these two reasons, the elasticity based
on the cross-country study is also used in calculating the required levels of public
spending (Table 7.5).
Two sets of values are reported, corresponding to the two different agricultural
growth scenarios: the CAADP scenario and a scenario corresponding to the first
MDG scenario in Table 7.5. As discussed above, 6.5 percent of annual growth in
AgGDP combined with a similar growth rate in the nonagricultural sector results
in total GDP growth of 7.4 percent annually in the MDG scenario. Required agricultural spending in this scenario is reported in columns 4 and 5 of Table 7.5;
required spending corresponding to the CAADP scenario is reported in columns 2
and 3. Agricultural growth is 6.2 percent in this scenario. A 6.2 percent increase in
AgGDP per year from 2007 to 2015 requires associated growth in agricultural
investment (represented by the agricultural development funds) at 35.9 percent
annually using the low elasticity and 18.4 percent using the high elasticity. Assuming
Table 7.5—Estimated resource allocation to the agricultural sector (percent)
To reach
CAADP target

Category
Total GDP growth rate
AgGDP
Non-AgGDP
Total spending growth rate
Agricultural spending
Agricultural developmental spending
Nonagricultural spending
Agricultural spending/total spending
2010
2015
Agricultural spending/AgGDP
2010
2015
Nonagricultural spending/Non-AgGDP
2015
Total spending/GDP
2015

To reach
first MDG

Baseline,
2005–15
(1)

Low
elasticity
(2)

High
elasticity
(3)

Low
elasticity
(4)

High
elasticity
(5)

4.6
4.2
4.8
10.8
–6.5
–5.8
11.8
4.92

6.2
6.2
6.2
8.2
30.3
35.9
6.3

6.2
6.2
6.2
6.7
15.2
18.4
6.3

8.0
8.8
7.2
12.2
45.6
52.3
7.4

8.0
8.8
7.2
8.3
22.6
26.8
7.4

6.6
17.6

4.4
9.5

9.2
34.5

5.2
12.0

4.7
14.1

3.0
4.6

6.3
30.7

3.5
6.5

24.9

44.1

44.1

44.1

44.1

26.1

32.1

28.3

38.3

27.9

3.2

Source: Authors’ calculations using the Rwandan dynamic computable general equilibrium model and investment
analysis results.
Notes: AgGDP = agricultural gross domestic product. CAADP = Comprehensive Africa Agriculture Development
Programme. GDP = gross domestic product. MDG = Millennium Development Goal. Blank cells = not applicable.
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that the government’s allocation to nonagricultural sectors is proportional to nonagricultural GDP and that nondevelopmental spending on agriculture is proportional to AgGDP, the total government budget is estimated to grow at 6.7 percent
using the high elasticity and at 8.2 percent using the low elasticity.
The spending growth estimate is consistent with the average growth in the total
government budget observed in recent years, but the agricultural spending requires
much faster growth than in the past. Because of more rapid growth in agricultural
spending than in the total spending growth, the agricultural spending share will rise
to 4.4 or 6.6 percent in 2010 and 9.5 or 17.6 percent in 2015, where the lower
number is for the high elasticity and the higher one is for the low elasticity (Table
7.5, columns 2 and 3). Whether the government needs to meet requirements of the
Maputo Declaration of allocating at least 10 percent of its total budget to agriculture
depends on whether agricultural spending can stimulate agricultural growth efficiently. With lower efficiency (that is, low elasticity pertains), the government needs
to allocate 18 percent of its total budget to agriculture by 2015, but if spending is
more efficient (that is, high elasticity is appropriate), about 10 percent of the total
government budget would be needed to support 6 percent annual agricultural
growth.
Six percent annual agricultural growth for nine years is insufficient for the
country to meet the goal of halving national poverty by 2020. Instead, a growth rate
of 6.5 percent per year during 2007–20 is needed. Estimates of the required spending to achieve this level of growth are provided in Table 7.5 (columns 4 and 5),
indicating that agricultural spending needs to grow at the extremely high rate of
45.6 percent annually (2007–15) if investment has a low elasticity, or 22.6 percent
if the investment is more efficient. Assuming that growth in nonagricultural spending is proportional to nonagricultural GDP and that nondevelopmental spending
on agriculture is proportional to AgGDP, then the total government budget would
grow at 8.3 or 12.2 percent annually, depending on whether the elasticity was high
or low, respectively. The share of agricultural spending would rise to 5.2–9.2 percent
in 2010 and 12.0–34.5 percent in 2015, again based on which elasticity is
realized.
Although the required rate of growth in public resources allocated to the agricultural sector seems unrealistically high, the resulting shares of agricultural spending are not uncommonly high based on the experiences of many Asian countries in
their early stages of development. The analysis here indicates one of the important
challenges facing the Rwandan government in prioritizing public fund allocation,
as it has shown an inconsistency between the current budget allocation and the role
of agriculture as the engine of overall growth and the most important contributor
to poverty reduction proposed in government strategic documents (Rwanda,
MINECOFIN, 2000, 2002, 2008). On a positive note, the government has already
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recognized such inconsistency and has started to increase the allocation to the agricultural sector and rural development in the second EDPRS for 2008–12. However,
there is still a significant gap between required increases and planned increases in
agricultural spending. This analysis also raises an important issue of improving the
efficiency of public spending. When the spending efficiency can be improved to a
level representative of the African average, growth in required agricultural spending
as well as share of agricultural spending in total budget can be cut by more than half.
Increasing the efficiency of public investment requires more studies on institutional
and governance capacity and policy implementation process, which is important
but goes beyond the scope of this chapter.
Assessing Investment Priorities by Estimating Potential
Returns to Investment

Estimating the public resources needed to reach the overall agricultural growth
target is important, but prioritizing investments is equally important. To prioritize
the allocation of public investment, it is necessary to measure the returns to investment. Public investment will generate externalities and directly and indirectly affect
broad economic performance. Hence, it may underestimate the impact of public
agricultural investment if the gains are narrowly measured for individual sectors that
directly benefit from the interventions. Moreover, as we have shown in the previous
section, agriculture-led growth is pro-poor, and the relationship between public
investment in agriculture and poverty reduction needs to be taken into account
when the impact of agricultural investment is assessed. In this section we combine
the public investment analysis with the DCGE model to assess the potential returns
to agricultural investment from an economywide perspective.
As previously mentioned, constrained by the short period of existing investment data in Rwanda stemming from historical reasons, it is not possible to conduct
an ex post econometric analysis for evaluating the returns to public investment in
agriculture. A different approach has to be applied so that the available data can be
used to the greatest extent possible. With help from MINAGRI we have obtained
a spending plan with detailed target and costing information, prepared for the
second EDPRS. Based on the information received and other data drawn from the
literature, we have developed an ex ante approach to organize this information as
inputs into the DCGE model. We then use the DCGE model to conduct a series
of simulation analyses to assess the returns to public investment in the agricultural
sector.
Table 7.6 summarizes the total amount of public investment in agriculture
planned for 2007–15, drawn from Rwanda, MINECOFIN (2008). The original
assessment of national needs to achieve the EPDRS targets is for a five-year period
(2008–12). To be consistent with the first MDG time frame, we decided to consider

Total for
2007–15

6,434
7.4
84,000
4.1

158,000
11.5

16,230

190,502
45,278
1,899
48,994
26,963
13,662
31,576
5,900

Recurrent
investment

13,517
1.4

11,263

90,660
16,940
21,965

484,787
182,956
6,742
154,259

Fixed
investment
186,842
186,842

Fertilizer
and seed
subsidies

1.4
69,143
1.09
1.39

48,400

19,951
3.9

95,792
46,120
960
22,584
2,996
1,518
13,582
2,538
2,441
1,803
1,252

Annual
total average

Source: Authors’ calculations.
Notes: CAADP = Comprehensive Africa Agriculture Development Programme. EDPRS = Economic Development and Poverty Reduction Strategy. RWF = Rwandan francs. Blank
cells = not applicable.

Agricultural spending used in the model (RWF million)
862,132
Crops (directly related only)
415,077
Forestry
8,641
Livestock
203,253
Research and development, extension
26,963
Rural finance
13,662
Other investment, horticulture
122,236
Other investment, traditional export
22,840
Rural road
21,965
Agricultural institution
16,230
Other investment
11,265
Annual total agricultural spending, 2007
Value (RWF million)
Share in total government budget (percent)
Proposed agricultural spending in EDPRS, 2008–12
Value (RWF million)
242,000
Share in total government budget (percent)
7.0
Increase from the current annual level (multiple factor)
Amount of agricultural spending to meet CAADP 10 percent total budget target (annual, RWF)
Compared with the number used in model, without fertilizer subsidy (model/10 percent budget)
Compared with the number used in model, with fertilizer subsidy (model/10 percent budget)

Agricultural spending

Table 7.6—Total accumulated investment, 2007–15
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a nine-year period (2007–15) for the analysis. Moreover, the initial assessment of
the public investment required by the EDPRS targets had to be scaled down because
of budget constraints set by the Rwandan Ministry of Finance. The final agreed-on
total spending for agriculture is about 30 percent of what had been originally
planned (see second part of Table 7.6). However, for this analysis we decided to use
the original budget allocation for the following three reasons. First, the purpose of
this analysis is to provide an assessment of actual requirements in agricultural investment for achieving both the CAADP growth target and the first MDG goal of
halving poverty by 2020. After assessing the growth requirement in the previous
chapter of the report, it is necessary to understand the cost of such growth with a
complete picture without taking into account the budget constraints. Second, our
analysis considers the nine years between 2007 and 2015. Without scaling down
the total cost planned by MINAGRI, we can slightly reduce the annual cost by
allocating the same amount of total spending over the nine years instead of over five
years (annual spending is still about 50 percent higher in our analysis than that
included in the EDPRS; see the annual average column of Table 7.6 for comparison). Third, we also consider the CAADP targets, one of which requires African
countries to allocate at least 10 percent of government spending to agriculture. The
amount of agricultural spending, if it is based on the originally planned numbers of
MINAGRI, will allow the agricultural sector to reach 10 percent of total government budget.1
The key information about budget allocation and targets to be achieved through
such public investment (such as how many hectares of irrigated land or how many
metric tons of improved seeds will be developed) is available in the dataset received
from MINAGRI. Subsidies for fertilizer and improved seeds are not considered in
the government budget allocation but are added as a part of public spending in the
above budget allocation. As in many other African countries, the past poor performance of the agricultural sector in Rwanda is partly a consequence of the very
limited use of improved seeds and fertilizers. According to Kelly et al. (2001b),
average consumption of fertilizer per hectare of cultivated land is less than 4 kilograms (kg) in Rwanda. This value contrasts sharply with Sub-Saharan Africa as a
whole (ranging from 9 to 11 kg/ha). The average level of use of improved seed is
also low, only about 1.3 percent of total seed applied, a level also below the average
for Sub-Saharan Africa (Fowler et al. 2007). With increased world oil prices, fertilizer prices have become unaffordable for the majority of small farmers in Africa.
Thus, a partial subsidy on imports of fertilizer is seen as a necessary step to increase
the use of fertilizer in crop production.
The above budget allocation information is important for any analysis to assess
the economic outcome of public investment allocation; however, such information
alone is not enough. To assess the impact of public investment on the growth and
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poverty reduction ex ante, it is necessary to link the investment and its targets to the
economic activities of the agricultural sector. In our analysis the agricultural sector
is composed of 16 crop subsectors, 7 livestock subsectors, and fishery and forestry.
It is a big challenge to further allocate the investment into the agricultural subsectors, especially for the crop sectors, so that investment can be directly linked to
the economic outcome in the ex ante analysis. To get such detailed information at
the agricultural subsector and crop level is beyond the current planning capacity of
MINAGRI, and so we have to use other information to do it. Through a broad
literature review, information about the current level of crop yields in the country,
unit production revenue per hectare of different crops, achievable level of crop
yields, and recommended levels of fertilizer and improved seeds to achieve it, and
other helpful and available information, are used in the analysis. Based on such
information, we further allocate each type of investment into agricultural subsectors.
Investment or spending that cannot be allocated to a specific sector (such as spending on agricultural research and development, extension, rural finance, and agricultural institutions) is allocated according to the ratio of total nonspecific spending to
total specific spending (such as spending on terracing, irrigation, marshland development, and fertilizer and improved seed subsidies).
Growth in agricultural production at the crop or subsector level is unlikely to
result from a single intervention—many interventions have to jointly create the
maximum impact. For example, without application of fertilizer and improved
seeds, returns to irrigation investment are low. To capture the joint impact of different types of investments, we need to further combine different types of public
investment at the agricultural subsector level. To do this, we first assume that if
modern inputs are applied, then the level of their application will be consistent
with the recommended level to achieve the maximum returns from such interventions. The recommended level of fertilizer is drawn from Fleskens (2007). We
further assume that if cropland is irrigated, farmers will first use fertilizer and
improved seeds to maximize returns from such combinations. Using these assumptions, we can identify which intervention is a binding constraint for the combination of modern technology (inputs). Tables 7.7a and 7.7b report the share of land
allocation corresponding to the types of investment and their current status.2
Yields are expected to rise with use of modern inputs. Table 7.8 reports the
expected yields assuming different combinations of modern inputs resulting from
public investment or spending. A broad literature search for such information was
conducted to define the appropriate yield for different types of modern inputs and
their combinations. Moreover, the land allocated to different types of investments
and their combinations reported in Table 7.7b is consistent with the yields reported
in Table 7.8. Such levels of yield are often the results of applying modern inputs at
their optimal levels. For example, Table 7.8 shows that the yields obtained by using
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0.2
15.0
0.1
1.0
0.1
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0.1
0.1
8.4
0.3
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6.0
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0.0
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0.0
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Terracing
and seed

0.1
0.4

Terracing,
fertilizer,
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Source: Authors’ calculations based on Rwanda, MINAGRI (2008).
Note: Seed = improved seed application. Blank cells = not applicable.

Wheat
Maize
Rice
Sorghum
Potatoes
Sweet potatoes
Cassava
Other roots
Pulses
Vegetables
Bananas
Other fruits
Oilseeds
Coffee
Green tea
Other export crops
Total

Sector

Modern
practices
(irrigation,
fertilizer,
and seed)

1.2

0.1

0.3

0.1
6.5
1.7
3.3
1.7
0.7

0.2
0.2

Terracing
only

1.4
0.0

4.0

Marshland
development,
fertilizer,
and seed

18.8
0.3

22.7

Marshland
development
and seed

38.5
0.3

18.4

Marshland
development
only

Table 7.7a—Current land allocation within sectors by type of investments or spending (percent)
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96.5
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96.5
70.4
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33.3
93.7

Traditional
practices
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15.0
0.5
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0.7
0.8
0.3
0.2
20.2
0.6
12.4
1.5
59.3
70.6
9.6
4.4

8.5
11.2
12.6
3.8
4.6
4.3
5.1
1.3
7.3
6.0

5.1

0.8
3.5
0.5
1.4
0.5
0.6

2.5

3.1
40.7
29.4

3.0

Terracing
and seed

2.5
3.0

Terracing,
fertilizer,
and seed

Source: Authors’ calculations based on Rwanda, MINAGRI (2008).
Note: Seed = improved seed application. Blank cells = not applicable.

Wheat
Maize
Rice
Sorghum
Potatoes
Sweet potatoes
Cassava
Other roots
Pulses
Vegetables
Bananas
Other fruits
Oilseeds
Coffee
Green tea
Other export crops
Total

Sector

Modern
practices
(irrigation,
fertilizer,
and seed)

9.5

12.0

23.6

3.3
13.6
6.4
9.1
6.0
4.4

7.0
4.9

Terracing
only

18.6
0.5

23.0

Marshland
development,
fertilizer,
and seed

40.0
0.7

30.0

Marshland
development
and seed

Table 7.7b—Share of targeted land allocation by type of investments or spending, 2015 (percent)
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only

2.6
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82.8
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84.5
88.2
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87.6
77.4

Traditional
practices
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3.0
3.5
6.4
3.4
27.2
15.0
27.3
24.5
2.7
29.5
17.9
28.6
2.7
1.0
1.7
45.8

2.8
3.1
5.8
2.7
24.9
16.8
24.7
17.3
2.4
19.6
15.7
19.1
1.8
0.8
1.4
38.2

Terracing,
fertilizer,
and seed
1.4
1.5
5.5
1.7
15.5
11.2
11.2
9.6
1.2
14.0
10.5
13.6
1.1
0.7
1.2
27.3

Terracing
and seed
2.3
2.5
5.8
2.4
20.2
11.5
18.8
12.3
2.1
19.6
14.9
19.1
1.4
0.8
1.4
38.2
32.7

32.7

Marshland
development
only

6.1

23.8

Marshland
development
and seed

6.1

Marshland
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Terracing
fertilizer,
only
and seed
1.2
1.2
5.5
1.5
12.6
7.7
8.6
6.8
1.1
14.0
9.9
13.6
0.8
0.7
1.2
27.3

Traditional
practices

0.8
0.8
3.7
1.1
9.1
5.5
6.2
4.9
0.8
9.4
7.2
9.7
0.6
0.7
1.1
17.6

Current
average

Source: Authors’ calculations based on various literature.
Notes: Yields are weighted by areas with different combinations of inputs and investments. Seed = improved seed application. Blank cells = not applicable.

Wheat
Maize
Rice
Sorghum
Potatoes
Sweet potatoes
Cassava
Other roots
Pulses
Vegetables
Bananas
Other fruits
Oilseeds
Coffee
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Table 7.8—Yields for different types of investments or spending (metric tons per hectare)

1.2
1.0
4.9
1.5
11.9
6.9
8.0
6.0
1.0
7.3
10.0
14.3
0.8
1.1
1.7
26.5

Average
yield in
baseline,
2015

1.6
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14.7
7.8
10.5
6.8
1.0
9.4
12.9
17.1
1.1
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Targeted
average
yield,
2015
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modern technology will be quite high; for example, maize can reach 3.5 metric tons
per hectare (mt/ha) and potatoes 27 mt/ha. Although such yields seem to be at the
maximum possible, when they are weighted by the corresponding land allocation
reported in Table 7.7b, the effect on the national average yield is quite small, as only
about 4.7 percent of total cropland (see the final row of Table 7.7b) is expected to
achieve such high levels of yield with the application of modern technology and inputs. Moreover, more than 70 percent of cropland will still be without access to modern
inputs by 2015, and yields achieved with traditional technology will still play a dominant role in determining the national average yields for most crops at that time.
As shown in the last column of Table 7.8, yields from most crops will continue
to be low in 2015, even after significantly increased public investment in agriculture.
For example, the average maize yield at the country level is expected to be only
around 1.5 mt/ha by 2015, although it is possible to have a yield of 3.5 mt/ha with
a combination of irrigation, fertilizer, and improved seeds (see the first column of
Table 7.8). Although it is a significant increase from the current level of maize yield
of 0.8 mt/ha, this value is still lower than the maize yields already achieved by many
Sub-Saharan African countries. To compare the current level of yield and possible
yields by 2015 under the business-as-usual assumption, we report in the last three
columns of Table 7.8 three different levels of national average yields. The yield level
reported in the “Current average” column of Table 7.8 is consistent with the baseyear yields applied in the model. Those numbers in the Table 7.8 column for the
average yield in baseline, 2015, are consistent with those in the Table 7.2a column
for yield in 2015. The numbers reported in the last column of Table 7.8 can be
understood as the targeted average yield by 2015: the expected results with all
planned public investment implemented.
Targeted crop average yields and the outcome of public investment in livestock
and roads are applied in the DCGE model as exogenous shocks to land productivity
(in the case of crop production) or total factor productivity (in the case of livestock
production, trade, transportation, and communication sectors). Ideally, the DCGE
model should consider all these different types of technologies to endogenously
capture the productivity growth at the national level as a result of technology shifting
from low to high yields. However, constrained by a lack of such information at the
district level and between different types of farm groups (the production functions
are defined at the district level for small and medium–large farms in the model), we
are unable to capture the endogenous productivity growth in the analysis. Instead,
we have to apply the exogenous productivity shocks calculated from the potential
growth in the yields as results of public investments and use of modern inputs. With
such exogenous shocks, the DCGE model generates a series of results that are in
general consistent with the planned public investment and its targets. Because of this
consistency, we do not need to report the model results of crop yield again.
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We focus on the calculation of dollar-to-dollar returns to public investment in
agriculture for this discussion. We measure such returns by increased GDP and
AgGDP in real terms (that is, in terms of the base-year prices). To do this, we also
consider future returns after 2015 from additional investment occurring in the next
nine years. To calculate such future returns, we apply a 10 percent social discount
rate and choose a long time period, such that for a given amount of public investment combined with recurrent spending, the returns are eventually discounted to
close to zero over the period chosen (for example, 20–30 years). We include spending related to fertilizer and seed subsidies in the recurrent spending, which is also
discounted with the same 10 percent social discount rate over the same period. As
mentioned earlier, returns to public funds invested in a specific sector should not
be measured narrowly by the benefits accrued to this sector. Because they are public
goods, public investments often generate strong and positive externalities in the
economy, such as technological spillovers in agriculture and growth linkages between
agricultural and nonagricultural activities. Thus, increases in GDP over time (discounted to the current value) are used to measure the returns to agricultural investment in Table 7.9, allowing us to fully capture the economywide gains of public
investment in agriculture.
It is also important to measure the economywide returns as results of public
funds invested in a specific agricultural subsector to understand which sectors yield
more efficient returns to investment. For this purpose, we designed a series of model
scenarios, each of which focused on the investment going to a specific sector. For
example, the first row of Table 7.9 is the result of public funds invested in maize
production. In this scenario we assume that productivity growth in maize production
is the only direct outcome of increased investment, holding productivity growth
in all other sectors at their baseline levels. Similarly, the second row of Table 7.9
assumes that only productivity growth in rice production comes directly from public
investment. We also consider the productivity growth for groups of commodities,
such as grains or root crops, as the results of public investment. For the “Grains”
row, the result is from a scenario in which public investment directly results in the
increase of yield in grain production, including maize, rice, wheat, and sorghum,
while productivity growth in the other sectors is the same as in the baseline. The last
two rows of Table 7.9 display results from the two scenarios considering broad
investment in all agricultural subsectors. The second row from the bottom of this
table shows that productivity growth in staple crops and livestock is the result of
public investment while holding productivity growth in export crops at the baseline
level; the last row of the table displays agricultural investments in all subsectors.
The first column of Table 7.9 calculates returns to GDP for each unit of
increased public funding invested in the agricultural sector or its subsectors. These
returns are equivalent to benefit–cost ratios. The second column of Table 7.9 reports

198

XINSHEN DIAO ET AL.

Table 7.9—Returns to public investment by agricultural subsector: Model
results in the investment scenario, 2006–15
Grains
Maize
Rice
Wheat
Roots and tubers
Cassava
Potatoes
Sweet potatoes
Other staple crops
Pulses
Bananas
Oilseeds
Export crops
Coffee
Green tea
Other cash and export crops
Livestock and fishing
Poultry
Other livestock
Fishing
Grains
Root crops
Cash and export crops
Livestock
Staple crops and livestock
Agriculture total

GDP/investment

AgGDP/investment

7.02
1.41
5.34

6.59
1.22
5.15

5.46
5.88
2.53

4.61
5.66
2.22

9.09
5.35
5.89

8.21
4.94
4.73

1.01
1.95
1.08

1.74
2.52
1.07

10.54
1.81
12.50
2.75
5.03
1.02
2.02
3.84
3.19

10.09
1.74
12.35
2.73
4.65
1.24
1.90
3.63
3.11

Sources: Authors’ calculations using Rwanda dynamic computable general equilibrium (DCGE) model results
combined with the public investment data from Rwanda, MINAGRI (2007).
Note: AgGDP = agricultural gross domestic product. GDP = gross domestic product.

the ratio of increased AgGDP to investment. As shown in the last two rows of this
table, economywide returns to public investment in overall agriculture are about
3.1:1.0 and are 3.6:1.0 from investing in staple production (including both staple
crops and livestock). The returns to the investment measured as increased GDP are
higher than those measured as increased AgGDP for the same amount of public
spending in agriculture. These results further indicate the importance of fully measuring the economywide returns of agricultural investment, because such spending
also indirectly benefits nonagricultural sectors through production linkages (such as
using agricultural materials as inputs to agroprocessing or increased demand for
trade and transports after more agricultural products are sent to markets) and con-
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sumption linkages (because of farmers’ increased demands for nonagricultural goods
stemming from their increased incomes).
At the aggregated subsector group level (see the second part of Table 7.9),
returns to investment in root crops are highest, measured either as increased GDP
or AgGDP. Returns to investment in grain production rank second, and returns to
investment in export crops are the lowest but are still greater than one. The first part
of Table 7.9 reports economywide returns to investments in each agricultural sector’s
production. For all agricultural sectors, returns to investment, measured by increased
GDP, are greater than the cost of the investment, as all the numbers are greater than
one and many are greater than two or three. However, in the case of coffee, returns
to investment are the lowest, at 1.00 to 1.01. In contrast, coffee investment is quite
profitable when measured directly by increased AgGDP, as RWF1 of investment
results in RWF1.74 increase in AgGDP over time. That the increased GDP is significantly less than the increased AgGDP indicates the weak linkage of the coffee
sector with the rest of economy. Coffee is grown mainly for export, and coffee processing is dominated by a simple process. Without increasing the value addition of
coffee production, the sector is unlikely to create strong linkages and multiplier
effects in the economy. Moreover, export-led growth can have certain macroeconomic effects on the real exchange rate. For example, if growth in exports of
primary products, including primary processed agricultural products (such as coffee
and tea) is too high, it may cause the real exchange rate in the country to rise. An
appreciated exchange rate could in turn raise the cost for other exportable sectors
and make them more difficult to export. An appreciated exchange rate causes
imports to become cheaper and thus import-competitive sectors become unable to
compete. This is the other important factor explaining why returns to investment
in coffee, measured by increases in GDP, are so low.
Conclusions

Understanding alternative agricultural growth options and their linkages with poverty reduction and prioritizing agricultural investments are the two key components
of any agricultural development strategy. However, the relationships between growth
and poverty reduction and between targeted growth and required public investment
are not straightforward. Solid research is needed to support evidence-based policymaking and strategy formulation. This chapter provides such a study using Rwanda
as the case country. The economywide DCGE model discussed in Chapter 2 was
applied to the most recent economic data and public investment information to
analyze the agricultural growth and investment options for poverty reduction in
Rwanda. The analysis focuses on the linkages and trade-offs between growth and
poverty reduction goals at the macro-, meso-, and microeconomic levels. It addresses
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three policy-related questions: (1) What are the most effective pro-poor agricultural
growth options? (2) How can the important linkages between agriculture and
nonagriculture be strengthened so that nonfarm activities will become an important
source of income for both growth and poverty reduction? (3) What are the most
cost-effective public investment choices for stimulating shared growth and poverty
reduction? The following key messages can be drawn from its analysis.
Accelerated Agricultural Growth Is Both Necessary and Achievable

Low agricultural productivity and its interaction with environmental sustainability
as the most severe challenge to Rwandan agriculture and rural development has been
widely recognized both by researchers and the government. Productivity-led growth
in agriculture is a key component of the country’s development strategy to deal with
such challenges, and a series of targets has also been included in the strategy. The
DCGE model simulations of this study indicate that the country’s targeted agricultural subsector growth, if achieved, would allow Rwanda to meet the CAADP target
of 6 percent AgGDP growth from 2008 to 2015. With comparable growth in the
nonagricultural sector, the agricultural growth would increase to 6.5 percent and
total GDP growth to 7.4 percent, as a result of economywide linkages. The model
also analyzes the linkages of this growth with the poverty reduction target of the
strategy. Such growth would decrease the national poverty rate to 35.5 percent by
2015, a reduction of 24.8 percentage points over the 1999 rate. If this level of
growth were to continue to 2020, Rwanda would be able to achieve the first MDG
of halving its national poverty rate by 2020, a target included in the country’s Vision
2020 (MINECOFIN 2000) and EDPRS (MINECOFIN 2008).
The Pattern of Subsector Growth Matters

Agriculture comprises different activities, and export subsectors have often attracted
more attention than other subsectors in many African countries’ agricultural strategic plans. Stemming from the belief that export-oriented subsectors can contribute
more to the agricultural transformation, these subsectors have also disproportionally
attracted more public resources and favorable policies. A similar policy bias also
exists in Rwanda. Thus, it is necessary to understand the role of different types of
agricultural subsectors in both growth and poverty reduction to help prioritize public
investment and agricultural policy. The DCGE model discussed in this chapter
includes detailed agricultural activities as individual subsectors as well as a broad range
of many nonagricultural activities. Through linkages between agriculture and nonagriculture and among agriculture both in production and consumption processes,
the DCGE model simulations show that most rural households would benefit from
rapid but broad-based agricultural growth and the distribution of such benefits
is comparatively equal. However, the most vulnerable households—those with
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extremely small landholdings and few opportunities to participate in the production
of cash crops—appear to benefit less.
Analyzing the linkages between subsector-level growth and poverty reduction
is one of the important contributions of this study, and such an analysis is carried
out by endogenously measuring the poverty-reduction response to the economywide growth led by different sectors. This chapter first compares the povertyreduction effect of growth led by the agricultural sector versus that led by the nonagricultural sector, and the model results show that each 1 percent of growth in per
capita GDP, driven by agriculture, has a much greater effect on poverty reduction
than does the same level of growth driven by the nonagricultural sector. The chapter
further compares the subsectors’ roles in poverty reduction by simulating economywide growth led by different agricultural subsectors. The simulation results indicate that overall growth driven mainly by increased productivity in staple crops
has the greatest effect on poverty reduction. Agricultural households with greater
opportunities to produce high-value export products are better positioned to benefit from export agriculture. But these households are usually not as poor as other,
more remote, households, so export-led growth may have less impact on reducing
poverty.
The roles of different agricultural subsectors in economic development are also
analyzed from other aspects. Cereals, especially rice and maize, are among the high
priorities in the government’s strategy document; accordingly, they have high growth
targets. If these growth targets are reached, cereals would become the most important source of income growth for many rural households, especially for those with
relatively small landholdings. Results of the report also show that food security does
not equal food self-sufficiency. Although growth in cereals would help the country
reduce its dependence on imports, both maize and rice will continue to depend on
imports, but the ratio of imports to domestic consumption will significantly fall
by 2015. In contrast, export agriculture is important because of its contribution
to macroeconomic balance in trade. High growth in both traditional and nontraditional agricultural exports is targeted in the government’s strategy, and the
model shows that such growth would significantly increase agricultural trade surpluses. The projected agricultural trade surplus would be about 29 percent of the
nonagricultural trade deficit, more than three times the current ratio.
This chapter also warns of possible price declines in some commodities with
very high growth targets. Unbalanced growth does not always benefit producers if
it is concentrated in a few subsectors. As the targeted growth rates for some livestock
products (such as poultry and raw milk) are very high, a negative price effect could
result if production growth is out of balance with income growth. Simulations
indicate that with an annual growth in poultry production of more than 9 percent
and in raw milk more than 15 percent during 2007–15, prices for these two com-
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modities will decline 35–40 percent, even though their demand is highly income
elastic.
More Agricultural Expenditure and Higher Spending Efficiency
Are Needed

Required public investment in agriculture is calculated in this chapter according to
the growth needed to meet the CAADP agricultural growth goal of 6 percent or the
first MDG by 2020. The efficiency of spending, which is captured by the elasticity
of agricultural growth to spending, affects the amount and growth of agricultural
spending. This chapter shows that meeting the CAADP growth target will require
allocation of public resources to the agricultural sector to rise to 10.0–17.6 percent
of total spending by 2015, where the lower value reflects a higher growth–spending
elasticity (that is, more efficiency in spending) and the higher value reflects a lower
elasticity. These levels of allocation translate, in real terms, to 15 and 30 percent
annual growth in agricultural spending. Given that agriculture needs to grow at 6.5
percent to meet the goal of halving the national poverty rate by 2020, more rapid
growth in agricultural spending between 2008 and 2015 is required. Our result in
terms of required agricultural spending, using the high elasticity that represents an
average standard for the Sub-Saharan Africa as whole, is consistent with the CAADP
target, which requires a minimum of 10 percent of the government budget to be
allocated to agricultural spending. This result is also consistent with the original cost
estimation prepared by MINAGRI without scaling down because of the constraints
set by the Rwandan Ministry of Finance. Such a spending pattern seems to be necessary both for achieving more than 6 percent agricultural annual growth and for
helping the country meet the target set in Vision 2020 for halving poverty by 2020.
Of course, efficiency of public spending must also improve.
Economywide Returns to Public Investment in Agriculture Are High

For an agricultural strategy that can be practically implemented, it is necessary to
understand what can be done in addition to what should be done. To help understand the first part of this issue, returns to public investment in agriculture need to
be analyzed. Most cost–benefit analyses are at the micro or project level, which may
significantly underestimate the returns to public investment, because such investments generally have impacts going beyond the targeted sector or project. One of
the important contributions of this chapter is to measure such returns from an
economywide perspective. Although the approach used in the measure is ex ante
because of a lack of past investment data for a sound econometric estimation, the
measurement results are informative for prioritizing public investment. Our analysis
finds that, measured as increased GDP over time, the economywide return to agricultural investment (the benefit–cost ratio) is 3.2:1.0. Part of such gains comes from
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growth in the nonagricultural sector as a result of multiplier and linkage effects
between agriculture and nonagriculture. Comparing increased GDP with increased
AgGDP as the outcomes of RWF1 of additional public investment in agricultural
staples, we see that increased GDP is RWF0.21 more than that of AgGDP, indicating that returns to agricultural investment stimulates growth in the nonagricultural
sector.
The Highest Economywide Returns from Investment Are from
Staple Crops

Using an approach similar to that discussed above, our study also measures returns
to agricultural investments in different agricultural subsectors. The results show that
economywide returns to public investment in staple crop production are the highest
of all sectors. Spending on root crops is particularly efficient. Given that both current
yields and the use of modern inputs are extremely low for most grain and root crops
(except for rice) in Rwanda, even compared to other Sub-Saharan African countries,
the country needs to give a much higher priority to these crops than is usual. The
high returns are also the result of a linkage effect, particularly for root crops, as productivity growth in such crops lowers pressure on land expansion, which is an
extremely important factor that must be taken into consideration in any agricultural
strategy for Rwanda. Staple crops are broadly consumed by poor consumers in both
rural and urban areas, and reduced food prices from productivity-led growth benefit
the poor consumers and create more growth opportunities in other agricultural and
nonagricultural sectors. However, the amount of investment specified in EDPRS
(Rwanda, MINECOFIN 2008) will not be enough to significantly improve the low
yields of many crops nationwide. The average yield for maize will be as low as 1.5
mt/ha even in 2015, a level many African countries have already reached.
Trade-Offs Exist between Exports and Overall Growth When
Investing in Export Crops

Although investment in export crops has the highest impact on growth in these
subsectors, the economywide returns are quite low. The growth rate of coffee and
tea can reach double digits with targeted investment to the export sector, measured
by increased GDP over time; however, such investment has the lowest returns of all
sectors, particularly in the case of coffee. The reason for these low returns is mainly
due to the weak linkages with other economic activities both on the production and
consumption sides. It is possible to strengthen such linkage effects in the export
sector by promoting agroprocessing with high-value addition (because of weak
income–consumption linkages), but the same amount of public investment in the
export sector is not likely to become a dominant driver for both overall economic
growth and poverty reduction.
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In many African countries the export sector has often attracted more government attention than have other sectors. With favorable policies and investment
support, government spending to promote the export sector represents a much
higher share of total agricultural spending, compared to the size of the export sector
in the total agricultural economy. The findings of this chapter show relatively low
economywide returns to public spending in the export sector and relatively less
poverty reduction from growth led by promoting exports, further indicating the
importance of broad-based agricultural growth. Agricultural development strategy,
including an effective public investment strategy, should focus more on growth in
which a majority of farmers can participate. Only such a strategy can be expected
to be efficient and effective in growth and poverty reduction, as well as in the economic development of the country in general.
How Relevant Is the Rwandan Case to Other African Countries?

Although Rwanda is one of the smallest countries and has the highest population
density in Africa, similarities do exist between Rwanda and many other African
countries. First, it is true that at the country level, fewer African countries have such
high population pressure in economic development as in Rwanda. Constrained by
the lack of additional arable land to support high population growth, to develop an
efficient agricultural system whose growth is productivity driven and sustainable
environmentally is more urgent in Rwanda than in other African countries.
However, because of recent rapid increases in population throughout the continent,
many countries have started to feel similar pressure from population growth on
agricultural development either at the country or subnational level. Such countries
as Ethiopia, Kenya, and Malawi face similar constraints in their high-population
areas, and such areas are often the food baskets of their respective countries.
Environment degradation (such as soil erosion and deforestation stemming from
extensive farming systems) is commonly observed in certain areas of almost all African
countries, even in the countries with relatively abundant land, such as Ghana and
Nigeria. Thus, challenges facing Rwanda’s agriculture today are becoming challenges
facing agricultural development in many other African countries today or in the
near future. From this point of view, the analysis discussed in this chapter is highly
relevant to many African countries in terms of their agricultural development
strategies.
Second, agriculture is once again becoming a top priority on the agenda in
economic development strategy for all African countries. As a result, an understanding of the linkages in growth across agricultural subsectors and between agriculture
and nonagriculture and the linkages between growth and poverty reduction is commonly required for designing an agricultural strategy. Although such understanding
has to be country specific, the methodology developed in this chapter, which takes
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an economywide perspective, is useful for many countries. The general principles
that this chapter emphasizes—such as to link agricultural subsectors’ targets to
overall growth and poverty reduction, to understand the different roles of different
subsectors in growth and poverty reduction at the macro- and microlevels, and to
pay attention to certain trade-offs and negative effects (such as price effects) of rapid
and unbalanced growth—are all relevant to other countries when designing their
development strategies.
Third, almost all African countries are facing constraints on their public
resources for supporting agricultural growth. The financial gap between what should
be done and what can been done is commonly seen in many country’s development
strategy documents. By calculating the public spending required for achieving the
targets set by the strategy documents, this chapter explicitly measures such gaps and
points out that their acknowledgment has to be a part of any development strategy.
The chapter emphasizes the relationship between the efficiency in spending and the
amount of spending required to support agriculture, which is a common challenge
facing many African countries. As in Rwanda, a commonly observed constraint in
many African countries is that, because of a lack of sufficient data and information
for a reasonable econometric analysis, the returns to public investment are unlikely
to be measured at the sector level to better prioritize public investment. This chapter
describes a new approach (though it is ex ante) that is able to fully use the information available in a country’s PRSP preparation process. This approach can be adopted
in other countries’ strategic studies.
Finally, research on development strategy at the country level in Africa is a
new field in today’s political environment. As more and more countries define their
agricultural development strategies and almost all these strategies are dynamic
documents to be improved and updated over time, the needs for evidence-based
development-strategy research are high and demand is rising. However, researchers
in this field are facing challenges stemming from a lack of solid data and feel the
urgency to provide research outcomes in a relative short period of time to meet
policy demand. Although the analysis presented in this chapter is far from perfect,
it is an encouraging attempt to make development research more relevant to
developing countries’ policies and strategies.
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Appendix

Table 7A.1—Structure of the Rwandan social accounting matrix
Agricultural sectors

Industrial sectors

Service sectors

Factors
Households
Regions

Wheat; maize; rice; sorghum; potatoes; sweet potatoes; cassava; other roots; pulses;
vegetables; bananas; other fruits; oilseeds; export crops; coffee; tea; other export
crops; cattle; sheep and goats; swine; poultry; raw milk; eggs; other livestock
products; forestry; fishing
Mining; meat, fish, and dairy products; processed cereals; processed coffee; processed
tea; bakery and processed sugar; traditional beverages; modern beverages;
tobacco; textiles and clothing; wood, paper, and printing; chemicals; nonmetallic
minerals; furniture and other manufactured products; electricity, gas, and water;
construction
Wholesale and retail trade; hotels and restaurants; transport; communications; finance
and insurance; real estate; business services; repair; public administration;
education; health; other personal services
Unskilled agricultural labor; unskilled nonagricultural labor; skilled labor; agricultural
land (by regions); agricultural capital; nonagricultural capital
Farm households by region (60 in total); nonfarm households (2 in total)
Administrative districts for agriculture only (30 districts in total further disaggregated
into small farms and medium–large farms)

Source: Authors.

Notes
1. Seven percent of total planned public spending between 2008 and 2012 will be allocated to
agriculture in EDPRS.
2. According to Kelly et al. (2001b), 5 percent of farmers used inorganic fertilizers or lime (or
both) on 3 percent of cultivated land during the 2000 season. However, as we assume that fertilizer
is used at the recommended level, the number reported in Tables 7.7a and 7.7b for fertilized land as
a share of cultivated land is smaller than what was reported by Kelly et al.
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Chapter 8

Nigeria
Xinshen Diao, Manson Nwafor, Vida Alpuerto,
Kamiljon T. Akramov, Valerie Rhoe, and Sheu Salau

N

igeria, whose export earnings are heavily oil dependent, has experienced
rapid economic growth in recent years. In 1990–99 the economy grew at
2.6–3.0 percent annually, whereas the annual gross domestic product (GDP)
growth rate rose to 7.3 percent during 2000–07 (Nigeria, NBS 2007a). Notably, the
agricultural sector has been the key driver of the economy, growing at 6.3 percent
and contributing 42 percent to the country’s total GDP in 2008. Hence, despite
the high dependence of government revenues and national export earnings on the
oil sector, the agricultural sector remains the country’s mainstay (Sanyal and Babu
2010). Furthermore, because agriculture is the largest employer among all sectors
(70 percent of the labor force) (Nigeria, NBS 2006) and labor is the main (and
sometimes only) asset for the poor (Agenor Izquierdo, and Fofack 2003), the agricultural sector has the greatest potential for reducing poverty.
Nigeria has undergone a painful process before it recently recognized the
importance of the agricultural sector in its development process. Although the agricultural sector received some policy attention immediately after the country’s independence, the oil boom in the early 1970s eventually pushed the country toward
a development crisis, with many years of civil conflict and economic stagnation (and
even recession). During this period, agriculture and rural development were largely
ignored, poverty rose, food insecurity and malnutrition worsened, and the country
turned from being a net agricultural exporter to a food importer by the end of the
1970s (World Bank 2010). By 1996, two-thirds of the country’s population lived
in poverty, and the poverty rate almost tripled in the 15 years between 1980 and
1996 (World Bank 2010).
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Drawing lessons from its troubled economic history, the Government of Nigeria
has since recognized the importance of the agricultural sector. Its promotion is an
essential ingredient of the country’s development strategy, given the country’s rich,
favorable agroecological conditions and the fact that most of the population lives in
rural areas. A series of strategies has recently been designed that aim to accelerate
agricultural growth, strengthen food security, and reduce poverty. These strategies
include the National Economic Empowerment and Development Strategies (NEEDS)
(Nigeria, NPC 2004, 2007) and the National Food Security Program (NFSP)
(Nigeria, FMARD 2008). Such programs as the presidential initiatives on cassava,
rice, and other crops have also been implemented. Moreover, the country is a signatory to the Comprehensive Africa Agriculture Development Programme (CAADP),
which commits the government to targeting 6 percent agricultural GDP growth
rate and allocating at least 10 percent of public resources to the agricultural sector.
Despite these commitments, further efforts are needed to lift more people out of
poverty and to meet the first Millennium Development Goal (MDG) of halving
the proportion of the people living on less than US$1 a day.
In this chapter we analyze the agricultural growth and public investment
options for Nigeria. This study provides evidence-based analysis to support the
formation of a more comprehensive rural development component under the
NEEDS that is also in alignment with the objectives collectively defined by African
countries as part of the CAADP agenda. As with other chapters in this volume, the
analysis makes use of a spatially disaggregated recursive dynamic computable general
equilibrium (DCGE) model (described in Chapter 2). We also estimate the overall
cost to the government of the investments needed to accelerate agricultural growth.
The chapter is structured as follows. We first describe the structure of the
Nigerian DCGE model and the data sources used to calibrate it. The model results
are then presented for the baseline growth scenario and the accelerated agricultural
growth scenarios. This is followed by the results from the investment analysis. The
final section draws together our findings and summarizes their implications for
future national and agricultural development strategies in Nigeria.
The Nigerian DCGE Model

The Nigerian DCGE model includes 62 production subsectors that cover the entire
agricultural and nonagricultural components of the country (see Table 8A.1 in the
appendix to this chapter). More than half of the subsectors are in agriculture, which
falls into six broad groups: cereal crops, root crops, other foodcrops, higher value
export-oriented crops, livestock sectors, and other agricultural activities (that is,
forestry and fisheries). The model also captures regional heterogeneity in agriculture
by disaggregating agricultural production into six zones, wherein representative farmers produce different crops and livestock across zones. In terms of nonagricultural
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activities, there are 10 agroprocessing activities, including 8 concerning food processing. On the demand side, the Nigerian DCGE model includes 12 household
groups defined for the six zones and by rural and urban location. Each of the 12
household groups is aggregated from the Nigeria Living Standards Survey (NLSS)
2003/04 (Nigeria, NBS 2003) such that all sample households in NLSS are linked
directly to their corresponding representative households in the DCGE model via
the microsimulation module described in Chapter 2.
The data used to represent the base year of the model are drawn from a variety
of data sources. The core dataset underlying the DCGE model is a 2006 social
accounting matrix (SAM) constructed using national accounts and trade data, both
of which were published by Nigeria’s National Bureau of Statistics (2008b), and
balance-of-payment information, which was published by the Central Bank of
Nigeria (CBN 2009). National and state agricultural production and yield data and
market price data are obtained from the Federal Ministry of Agriculture and Rural
Develoment (2009). When production data are unavailable for certain sectors (for
example, horticulture), information is taken from FAO (2010). Agricultural production was disaggregated across zones by mapping individual states to the six
zones. The DCGE model is therefore consistent with official agricultural production levels and yields at the zonal level. Nonagricultural production, employment,
and other value-added components of sectoral GDP at the national level were compiled from national accounts. On the demand side, information on industrial
technologies (for example, intermediate and factor demand) is taken from an earlier
SAM for Nigeria developed by Iyaniwura et al. (1992) for a UNDP project, while
the income and expenditure patterns for the various household groups are taken
from NLSS 2003/04. The DCGE model is therefore based on the most recent data
available for Nigeria and represents the country’s economy in 2006.
Baseline Growth Scenario

The DCGE model is first used to simulate a baseline scenario that captures current
trends in growth and poverty reduction. History shows that the Nigerian economy
is vulnerable to oil price shocks through impacts on the country’s effective exchange
rate, government expenditure, money supply, trade, and inflation (Akpan 2009).
Given that the global financial crisis and declines in world crude oil prices are
expected to last for some time, a modest targeted economic growth of 6.5 percent
per year for total GDP was assumed for the baseline during 2008–17. Although this
targeted baseline growth rate is lower than Nigeria’s recent growth performance (for
example, it was 7.6 percent annually during 2002–07), it is comparable with growth
over a longer period (for example, the average annual GDP growth rate was 5.5
percent during 1995–2007). Similarly, a relatively modest growth rate of 5.7 percent
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for the agricultural sector was assumed for the baseline, which is comparable to the
historical growth rate during 2000–07.
Factors Determining Growth in the Model

To model a realistic baseline, it is important to pay attention to the sources of growth
across sectors and for different input factors. In the model, economic growth results
from increases in labor supply, land expansion, capital accumulation, and productivity changes. We assume that growth in total labor supply is consistent with projected
growth in the population (that is, 3.0 percent annually). By taking into account
more rapid growth in the nonagricultural sector’s labor demand, growth in the
economywide labor categories (unskilled and skilled labor) is assumed to be 3.3
percent and 3.4 percent, respectively. A much slower growth rate of 2.0 percent
annually is assumed for rural family labor supply. Total agricultural land expansion
was also exogenously imposed on the model, based on recent trends reported by the
National Planning Commission (2007) (that is, 5.2 percent per year). Land expansion is assumed to eventually fall to 4.2 percent after 2011, and thus the average
annual growth rate of land expansion is 4.8 percent (Table 8.1). Because of a lack
of information on the potential for land expansion at the zonal level, we assumed a
uniform growth rate across the six zones.
Capital accumulation is an endogenous outcome of savings and investments,
which are modeled recursively in our model (see Chapter 2). Investment is financed
through private savings determined by (1) a fixed proportion of the total income
(an endogenous variable) received by each of the 12 representative households and
(2) government savings, which is a residue term between government income (an
endogenous variable) and total noninvestment spending (an exogenous variable).
Both private and public savings rates are calibrated to the 2006 SAM. Investment
is also affected by the foreign capital flows. Because Nigeria has run a trade surplus
in recent years, net foreign capital inflows are negative in the model (which indicates
capital outflows). In the DCGE model, such outflow is an exogenous variable, and
growth of the outflows is assumed to decline from the expected slow growth in oil
exports. Using this assumption, more oil revenues are expected to be used in financing domestic investment instead of purchasing foreign bonds or investing in foreign
capital markets in the current situation. In the baseline, capital accumulates at 4.6
percent each year in real terms after 5.0 percent depreciation (see Table 8.1).
Although total factor supply grows either exogenously (labor and land) or
endogenously (capital), demand at the sector level is endogenous. Factor demand is
determined by the competiveness in factor markets and the profitability of each
individual sector. The third part of Table 8.1 reports the growth rate in aggregate
labor and capital demand by agriculture and nonagriculture. The model results show
that total agricultural labor demand grows at 2.2 percent annually, but it is 3.7
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Table 8.1—Growth decomposition in model scenarios (percent)
Total GDP
Indicator/sector
Annual output growth
Share of total/sector GDP
Land
Labor
Capital
Contribution to growth
Land
Labor
Capital
TFP
Annual input/TFP growth
Land
Labor
Agriculture
Nonagriculture
Capital
Agriculture
Nonagriculture
TFP
Agriculture
Nonagriculture

Baseline
scenario

Agricultural GDP

Agriculture
scenario

6.5
100.0
11.0
45.7
43.3
100
9.5
20.2
31.6
38.7

8.0

100
9.8
16.2
25.9
48.1

4.8
3.0
2.2
3.7
4.6
6.7
4.5
2.5
2.3
2.5

5.7
3.0
2.1
3.7
4.7
7.1
4.6
3.8
5.6
3.0

Nonagricultural GDP

Baseline
scenario

Agriculture
scenario

Baseline
scenario

5.7
100.0
37.0
59.4
3.6
100
33.3
21.2
5.0
40.6

9.5

6.8
100.0

100
24.7
12.4
3.3
59.6

39.9
60.1
100
21.7
41.2
37.1

Agriculture
scenario
7.4

100
20.1
38.6
41.2

Source: The Nigerian dynamic computable general equilibrium model results.
Note: GDP = gross domestic product. TFP = total factor productivity. Blank cells = not applicable.

percent for the nonagricultural sector. The growth rate of total agricultural capital
demand is higher than that of total nonagricultural capital demand (6.7 percent
versus 4.5 percent). However, because agricultural capital accounts for a tiny portion
of total capital input, even with such rapid growth, the share of capital in agricultural
GDP is still very small, accounting for less than 5.0 percent of agricultural GDP
(whereas capital accounts for more than 60 percent of nonagricultural GDP; see the
top part of Table 8.1).
It is impossible to have sustainable growth without productivity improvements.
The model assumes that total factor productivity (TFP) grows exogenously at the
sector level across the six zones. The TFP growth rate is based on the yield growth
(in the case of crop sectors) and value-added growth (in the case of the noncrop
sectors) drawn from historical data (Nigeria, NBS 2007a; Nigeria, FMARD 2009).
Although productivity growth is a driving force of growth at the sector level, growth
is also affected by product demand. If the supply of a specific commodity is not met
with sufficient demand (either in domestic or foreign markets), then the price of
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this commodity in the domestic market will fall, resulting in reduced factor demand
by producers of this commodity (and hence a lower GDP growth rate).
We calculate the contribution of factors and productivity to the overall economic growth in Table 8.1. Factor contributions to GDP growth depend on the
growth rate of each factor and the share of these factors in value-added. For the
economy as a whole, land accounts for 11.0 percent of GDP, whereas labor and
capital account for 45.7 percent and 43.3 percent, respectively. In terms of growth
in GDP in the baseline scenario, 61.3 percent of growth is due to factor accumulation, whereas 38.7 percent comes from TFP growth (see the second part of Table
8.1). Growth contributions for agricultural and nonagricultural GDP are also
reported in the table. In the baseline, almost 60 percent of agricultural growth is
due to land expansion, increased labor supply, and capital accumulation, whereas
productivity only explains 40 percent of growth. Within crop sectors, productivity
gains come both from improvement in yields and a more efficient allocation of land
to crops with higher returns.
Growth at the Subsector Level

Overall growth in the baseline total and agricultural GDP is targeted at 6.5 percent
and 5.7 percent, respectively, annually between 2009 and 2017, the growth rate is
very different across individual subsectors. This is because the input allocation across
sectors differs over time as a result of different sectoral productivity growth and
changes in relative prices. For example, although agricultural GDP grows at 5.7
percent annually, growth in total cereal value-added is 5.4 percent (Table 8.2). It is
5.1 percent and 7.3 percent for rice and maize production, respectively, whereas
growth in Irish potatoes is 8.8 percent annually. The table also presents baseline
GDP growth by subsector, as well as for some sector groupings. All growth rates are
endogenous results of the model. The first column of the table reports the size of
each sector as a share of total GDP in 2006.
Poverty-Reduction Outcome in the Baseline Simulation

The poverty-reducing impact of economic growth is analyzed using a microsimulation module. Before the simulation exercise was started, the impact of growth
on poverty reduction using historical poverty data available for 1980, 1985, 1992,
1996, and 2004 at the national level was assessed. However, because the poverty rate
of 65.6 percent in 1996 is much higher than that in 1992 (42.7 percent), it makes
the trend analysis difficult over a long period. For this reason, we focus on the poverty rate between 1996 (during which the poverty rate was 65.6 percent) and 2004
(54.4 percent) and compare the rates with actual per capita GDP growth over the
same period. Although the annual growth rate of GDP per capita is 2.5 percent
(calculated from an annual growth in GDP of 5.5 percent and population annual
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Table 8.2—GDP growth rates in model scenarios (percent)
Annual growth
Sector
Total GDP
Agriculture
Cereals
Root crops
Other foodcrops
High-value crops
Livestock
Forestry
Fisheries
Mining
Manufacturing
Beef
Goat and sheep meat
Poultry meat
Eggs
Milk
Other meat
Beverages
Other food
Textiles
Wood processing
Electronics
Other
Oil refining
Other industries
Services

GDP share

Baseline scenario

100
29.7
7.7
9.4
7.6
1.5
1.9
0.5
1.0
34.6
6.9
0.6
2.2
0.2
0.03
0.01
0.02
0.3
0.4
0.5
0.3
0.9
1.1
0.3
4.3
24.5

6.5
5.7
5.4
6.0
5.7
5.6
5.4
4.2
6.5
3.7
6.7
6.2
6.0
8.2
7.3
7.5
5.7
7.3
8.1
7.8
7.9
6.4
6.5
6.2
8.5
9.6

Agricultural scenario
8.0
9.5
9.5
8.9
8.1
17.6
6.9
5.7
12.9
3.7
7.4
7.6
7.2
13.3
10.7
9.9
5.9
7.7
8.6
8.3
8.8
5.4
6.0
6.2
8.8
10.7

Source: The Nigerian dynamic computable general equilibrium model results.
Note: GDP = gross domestic product.

growth of 3.0 percent), the total decline in the poverty rate was only 11.2 percentage
points over these seven years (or 2.3 percentage points per year). By comparing the
total decline in the national poverty rate (that is, 2004’s poverty rate is 17 percent
[not percentage points] lower than that in 1996) with the total growth in per capital
GDP (22 percent) in the same seven years, we derive a poverty-reduction–growth
elasticity equal to –0.78. This value indicates that 1.00 percent growth in per capita
GDP between 1996 and 2004 caused poverty to fall by 0.78 percent. Although the
elasticity is affected by the initial level of the poverty rate (which was high in 1996)
and the pattern of income distribution around the poverty line, the elasticity is
comparable with that obtained for other African countries.
The poverty–growth elasticity was also calculated using the results of the model
simulation for the baseline using the same formula. A similar elasticity of –0.85 was
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obtained. Given this elasticity value, the poverty analysis shows that, with 6.5 percent of annual growth in total GDP and 5.7 percent of agricultural GDP growth
during 2008–17 (together with 3.0 percent of population annual growth in the
same period), Nigeria’s national poverty rate would fall from 51.6 percent in 2008
to 39.4 percent by 2017 (Figure 8.1). Although this final poverty rate is already
lower than the rate in 1992, in which the national poverty rate is 42.7 percent, given
the 3.0 percent population growth per year, the number of the poor would still
increase over time. The baseline scenario shows that by 2017, there will be 287,000
more poor people than there were in 2008.
Rural and urban poverty rates are also calculated for the baseline (Figure 8.1).
Poverty rates from NLSS data provide starting points in the model and are used to
determine the poverty rates in 2008 and subsequent years in the simulation. As
shown in the figure, with 6.5 percent annual growth in total GDP and 5.7 percent
of growth in agricultural GDP, the rural poverty rate falls to 47.9 percent and the
urban poverty rate to 29.4 percent by 2017. Because the percentage point decline
in rural areas is slightly higher than in urban areas (12 versus 11 percentage points
between 2008 and 2017), the difference in poverty rates between rural and urban
areas becomes smaller (20.1 in 2008 versus 18.5 percentage points in 2017).
The spatial pattern of poverty distribution in Nigeria shows a north–south
disparity, as the three southern regions have poverty rates ranging from 27–43 percent, whereas the range is 67–72 percent for the three northern regions in 2004.
This regional divergence in poverty will continue over the next 10 years. The baseFigure 8.1—Poverty rate in the baseline scenario
Rate (percent)
National
Rural
Urban

64
60
56
52
48
44
40
36
32
28
2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

Source: The Nigerian dynamic computable general equilibrium model results.
Note: The poverty rate is the proportion of the population with per capita consumption below the poverty line.
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2016

2017

Figure 8.2—Regional poverty rate in the baseline scenario
Rate (percent)
73
63
53
43
33
23
13
2008

2009

2010

2011

Northeast
Southwest

2012

2013

Northwest
South-central

2014

2015

North-central
Southeast

Source: The Nigerian dynamic computable general equilibrium model results.
Note: The poverty rate is the proportion of the population with per capita consumption below the poverty line.

line shows that the poverty rate of the southern regions will fall to 13.4–30.0 percent
by 2017, but it will remain high at 51.5–55.6 percent in the northern regions
(Figure 8.2).
Accelerated Growth Scenarios: Going Beyond the 6 Percent
Agricultural Growth Target

By committing to the CAADP agenda, the Government of Nigeria has set itself the
target of achieving 6 percent annual agricultural growth. Considering that recent
agricultural growth in Nigeria is close to this target, the government has set an even
higher growth target of 10 percent. To meet this higher agricultural growth, a set of
sector-specific growth targets has been identified in the NFSP for major crops and
livestock sectors (Nigeria, FMARD 2008). Given the large gaps between current
and potential yields for most crops, the potential for faster agricultural growth in
Nigeria is high. However, considering the short period planned for achieving the
NFSP targets, the required growth seems to be unrealistic for most food crops,
especially if such growth is primarily achieved via improvements in productivity.
For example, in the NFSP, cassava yield and production are both targeted to double
within a four-year period (2008–11), which implies an annual growth rate of 19.5
percent. Although we design an “Agriculture” scenario based on the targets set in
NFSP, we apply its growth targets to the longer period 2009–17.
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For the 29 crops in the model, there are only 10 crops for which production
targets are available in NFSP. There are also targets for five livestock products and
the fishery sector. To model accelerated growth, additional land expansion is assumed
for some crops (rice, wheat, cocoa, sugar, and oil palm). For the other crops, livestock, and fishery, additional growth is assumed to come via productivity improvements only (yield increases in the case of crops). Although production targets are
not available for many other crops included in the model, and given that many of
them are large agricultural subsectors (for example, maize, sorghum, yams, pulses,
and oilseeds), additional productivity growth is also assumed for these crops in the
Agriculture scenario. However, changes in land and labor supply are not targeted at
the subsector level, because they are endogenous to the model. Table 8.3 describes
the current and targeted productivity growth rates for different subsectors in the
DCGE model.
Results from the Agriculture scenario show that if the targets for individual
crops and agricultural subsectors are achieved over the next nine years, then agricultural GDP will grow at 9.5 percent annually. This rate is more than four percentage
points higher than the baseline (see Table 8.2). Through economywide linkages,
additional growth also occurs in the nonagricultural sectors that have close linkages with the agricultural sector. As shown in Table 8.1, accelerated agricultural
growth is mainly driven by productivity. TFP in the agricultural sector grows at 5.6
percent annually in this scenario instead of 2.3 percent in the baseline. The contribution of TFP to agricultural GDP growth also rises, which attracts more capital
into the agricultural sector (capital demand in the agricultural sector grows at 7.1
percent annually in this scenario compared to 6.7 percent in the baseline). However,
less labor is employed in agriculture (the growth rate falls from 2.2 to 2.1 percent).
Productivity-led agricultural growth also benefits the nonagricultural sectors. TFP
growth in the nonagricultural sector rises to 3.0 percent per year, from 2.5 percent
in the baseline. Capital accumulation rates also rise, which allows capital employment in the nonagricultural sector to grow more rapidly than in the baseline.
Sector-level growth is further shown in Table 8.2. Overall, the Agriculture
scenario results in an increase in total GDP’s annual growth rate from 6.5 to 8.0
percent. More than 75 percent of additional GDP growth is a direct outcome of
accelerated agricultural growth; the other 25 percent comes from an increase in
nonagricultural growth via linkages effects.
Subsector Contributions to Agricultural Growth

Table 8.4 reports the contribution of each agricultural subsector in reaching the 10
percent agricultural GDP growth goal (see the last column in the table). The table
shows that accelerated growth in cereal crop production, particularly in rice, contributes the most to the overall agricultural growth in the Agriculture scenario.

Initial,
2008

1.5
1.1
1.4
1.4
1.5
13.0
8.3
0.6
8.9
3.4
6.9

Sector

Rice
Wheat
Maize
Sorghum
Millet
Cassava
Yams
Cocoyams
Potatoes
Sweet potatoes
Plantains

2.4
1.3
1.8
1.7
1.9
18.2
11.2
0.8
18.8
4.3
9.7

Target,
2017

Yields (mt/ha)

1.1
0.1
0.3
0.6
0.3
1.1
1.2
2.5
5.7
0.7
2.0

Baseline
scenario,
2008–17
5.1
1.8
2.9
2.8
2.6
3.8
3.4
3.4
8.7
2.7
3.7

Agricultural
scenario,
2008–17

Growth rate (percent)

Crop yields

8.6
0.1
12.4
12.4
7.8
4.7
5.8
7.0
0.3
1.6
0.6

Initial,
2008
4.5
5.5
6.8
3.7
4.0
4.9
5.5
4.2
2.6
4.4
2.5

Baseline
scenario,
2017
5.0
20.9
8.2
2.9
3.0
4.9
5.8
4.7
2.7
4.3
1.6

Agricultural
scenario,
2017

Share of total (percent)

Harvested area

Table 8.3—National crop yields, harvested area, and production levels in model scenarios

9,436
80
12,540
12,208
8,584
44,630
34,726
3,047
2,003
3,832
3,055

Initial,
2008

Quantity
(1,000
mt/ha)

5.6
5.6
7.1
4.3
4.2
6.1
6.7
6.8
8.5
5.2
4.5

Baseline
scenario,
2008–17

(continued)

10.3
23.1
11.3
5.8
5.7
8.9
9.4
8.2
11.6
7.2
5.4

Agricultural
scenario,
2008–17

Growth rate (percent)

Production quantity
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0.5
1.2
0.7
1.8
7.6
5.2
0.3
0.5
0.8
1.4
19.2
8.7
0.8
4.2
0.6
0.5

Sector

Beans
Groundnuts
Soybeans
Other oilseeds
Vegetables
Fruits
Cocoa
Coffee
Cotton
Oil palm
Sugar
Tobacco
Nuts
Cashew nuts
Rubber
Other crops

0.7
1.6
0.9
2.2
10.0
6.8
0.5
0.6
0.9
2.0
30.0
11.8
1.0
5.5
0.6
0.7

Target,
2017

1.5
1.3
1.2
0.9
1.2
1.6
5.3
1.7
0.4
2.5
1.4
1.9
1.3
2.0
–0.1
1.8

Baseline
scenario,
2008–17
3.4
3.6
3.4
2.1
3.0
3.2
6.5
3.2
1.5
4.1
5.1
3.4
2.7
3.1
0.4
3.3

Agricultural
scenario,
2008–17

Growth rate (percent)

Crop yields

14.2
5.1
3.8
0.1
1.1
2.1
1.5
0.8
1.4
7.2
0.2
0.0
0.2
0.0
0.7
0.3

Initial,
2008
4.0
4.3
4.5
4.3
4.6
4.5
3.0
4.6
5.8
1.8
6.0
5.1
5.0
5.2
6.9
6.9

Baseline
scenario,
2017
4.0
4.0
4.9
4.7
4.9
5.0
3.6
5.4
10.0
2.2
25.1
6.4
5.5
5.5
6.6
9.3

Agricultural
scenario,
2017

Share of total (percent)

Harvested area

Sources: Federal Republic of Nigeria (2009) and the Nigerian dynamic computable general equilibrium model results.
Note: mt/ha = metric tons per hectare.

Initial,
2008

Yields (mt/ha)

Table 8.3—Continued

5,328
4,258
1,834
141
5,873
7,634
277
267
778
7,194
2,893
33
107
25
305
134

Initial,
2008

Quantity
(1,000
mt/ha)

5.6
5.7
5.7
5.3
5.9
6.2
8.4
6.3
6.2
4.4
7.5
7.0
6.4
7.4
6.8
8.8

Baseline
scenario,
2008–17

7.5
7.7
8.5
6.9
8.0
8.3
10.3
8.8
11.7
6.4
31.5
10.1
8.4
8.8
6.9
12.9

Agricultural
scenario,
2008–17

Growth rate (percent)

Production quantity
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Table 8.4—Sector contributions to agricultural growth in model scenarios

Sector
Cereals
Rice
Wheat
Maize
Sorghum
Millet
Root crops
Cassava
Yams
Cocoyams
Potatoes
Sweet potatoes
Other foodcrops
Plantains
Beans
Groundnuts
Soybeans
Other oilseeds
Vegetables
Fruits
High-value crops
Cocoa
Coffee
Cotton
Oil palm
Sugar
Tobacco
Nuts
Cashew nuts
Rubber
Other export crops
Livestock
Cattle
Goats and sheep
Poultry
Other livestock
Other agriculture
Forestry
Fisheries

Share of
agricultural
GDP, 2008
(percent)

Baseline growth
rate (percent)

25.9
8.9
0.1
7.3
5.4
4.2
31.6
14.7
13.2
0.7
1.0
1.9
25.7
2.1
3.4
3.6
3.8
0.4
6.2
5.5
4.9
0.3
0.5
0.3
1.5
1.02
0.49
0.1
0.01
0.5
0.1
6.5
2.1
3.1
1.2
0.2
5.3
1.8
3.5

5.4
5.1
5.0
7.3
4.0
4.2
6.0
5.6
6.4
4.7
8.8
4.7
5.7
3.8
5.3
5.5
5.7
4.5
6.1
6.4
5.6
3.9
6.1
5.2
3.8
7.3
6.8
5.7
5.7
6.1
8.5
5.4
5.5
5.1
5.9
6.1
5.8
4.2
6.5

Additional growth in
Agriculture scenario
(percentage points)a
4.1
5.2
20.9
4.7
1.7
1.5
2.9
3.1
2.9
1.3
3.6
2.2
2.4
1.2
2.3
2.2
2.9
1.8
2.5
2.4
12.0
0.9
2.7
6.0
1.9
25.8
3.2
2.2
1.9
0.0
4.4
1.4
0.6
1.4
2.8
0.9
5.1
1.5
6.4

Contribution to
agricultural GDP
(percentage points)b
30.9
14.5
0.8
10.8
2.8
2.0
29.1
14.1
12.2
0.3
1.1
1.4
18.4
0.8
2.5
2.5
3.4
0.2
4.9
4.1
10.9
0.1
0.5
0.5
0.9
8.3
0.5
0.1
0.0
0.0
0.1
2.8
0.4
1.3
1.1
0.0
7.9
0.9
7.0

Source: The Nigerian dynamic computable general equilibrium model results.
Note: GDP = gross domestic product.
aThis column is the difference between the growth rates in the baseline scenario and those in the Comprehensive Africa
Agriculture Development Programme’s Agriculture scenario.
bThe sectoral contribution to agricultural GDP growth is roughly equal to the multiplication of columns 1 and 3 normalized by
the additional growth of overall agricultural GDP.
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Cereal crop production as a whole contributes 30.9 percent to accelerated agricultural growth, and rice contributes 14.5 percent. These large contributions are to be
expected, because cereal crops constitute the second largest agricultural subsector
after root crops (accounting for 25.9 percent of initial agricultural GDP in 2006).
They also have the highest growth targets in NFSP. For example, targeted rice production by 2017 requires almost 10 percent annual growth during 2009–17.
Among the five cereal crops, wheat has the highest growth rate in the Agriculture
scenario because of the self-sufficiency target in NFSP. To meet such an ambitious
target, wheat must grow at 26 percent per year over the next nine years. However,
because this sector is only a small share of total agriculture, even such extremely
rapid growth contributes little to overall agricultural growth (0.8 percent in total).
After cereals, root crops are the second most important group contributing to
agricultural growth, even though this group is the largest agricultural subsector,
currently composing 31.6 percent of agricultural GDP. Among the five root crops,
it is only cassava for which a national target has been set in NFSP. We assume modest
additional growth in the other four roots and tubers. However, because their growth
is lower than for most cereal crops, root crops as a whole only account for 2.9 percent of additional growth in the Agriculture scenario and 29.1 percent of agricultural growth. Given its large share of agricultural GDP, cassava is still the second
most important contributor to growth, accounting for 14.1 percent of accelerated
agricultural growth. Yams rank third with a contribution of 12.2 percent.
The diversity of diets and food production in Nigeria means that there are
many foodcrops that are important for food security and poverty reduction. We
group these into “other foodcrops,” which in total accounts for 25.7 percent of
agricultural GDP—the third largest subsector after roots and cereals. Consistent
with its large size, this group of crops is the third most important contributor to
growth, generating 18.4 percent of additional agricultural growth.
There are 10 high-value crops in the model, namely, cashew nuts, cocoa, coffee,
cotton, nuts, oil palm, rubber, sugar, tobacco, and other export crops. Most of these
are export-oriented and are either currently important export crops or were in the
past. The 10 crops together account for 4.9 percent of agricultural GDP and constitute the smallest agricultural subsector in the economy. High growth is assumed
for these crops, driven by the extremely high growth in sugar to meet the target set
in NFSP. As a group, the additional annual growth rate in the Agriculture scenario
is 12 percent, rising from the baseline of 5.6 percent to 17.6 percent. However, their
small share of the agricultural economy means that these crops’ contribution to
accelerated agricultural growth is less important than foodcrops’ contribution. What
contribution there is due primarily to sugar production.
Primary livestock production currently accounts for 6.5 percent of agricultural
GDP. Targets for most livestock products are available in NFSP. Consistent with
these targets, a rapid growth is assumed in the Agriculture scenario for poultry
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production, rising from 5.9 percent per year in the baseline to 8.7 percent. However,
the targets for cattle and goat and sheep products are quite modest, which implies
annual growth rates of 6.1 and 6.5 percent, respectively. Because of this, livestock
in total only contributes 2.8 percent to additional agricultural growth. In contrast,
NFSP assigns fisheries a high target. The Agriculture scenario models rapid growth
in fisheries at 12.9 percent each year. With such growth, fisheries, which account
for 3.5 percent of agricultural GDP, contribute 7 percent of accelerated agricultural
growth. Finally, forestry is the smallest agricultural subsector. With modest growth,
it contributes less than 1 percent to total additional agricultural growth.
Accelerated Agricultural Growth and Poverty Reduction

The joint effect of 9.5 percent per year agricultural growth in the Agriculture scenario and its spillover effects into nonagriculture cause poverty to decline by 20.8
percentage points by 2017. This level is 8.9 percentage points lower than the baseline’s 2017 poverty rate. As shown in Figure 8.3, the proportion of the population
living below the poverty line falls to 30.8 percent in this scenario, compared with
the baseline scenario’s 39.7 percent. More poverty reduction occurs in rural areas as
the rural poverty rate declines to a level that is more than 10.6 percentage points
lower than that obtained in the baseline. If the 1996 national poverty rate of 65
percent is chosen as the target for the first MDG, the results show that the national
poverty rate will indeed be halved by 2017, that is, reduced to 30.8 percent by 2017
(and to 35.5 percent in 2015).1 Although the speed of poverty reduction in rural

Figure 8.3—National poverty rate in the agricultural growth scenarios
Rate (percent)
52
50
48
46
44
42
40
38
36
34

Baseline
Agricultural growth scenario

32
30

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

Source: The Nigerian dynamic computable general equilibrium model results.
Note: The poverty rate is the proportion of the population with per capita consumption below the poverty line.
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areas is faster than in urban ones, the poverty rate in the Agriculture scenario will
remain high at 37.3 percent and will not achieve the first MDG in rural areas. In
contrast, the urban poverty rate will fall to 22.6 percent by 2017 (and 26.2 percent
in 2015), thus declining more than 50 percent from its 1996 value. Although faster
agricultural growth reduces the divide between rural and urban areas, the country
still faces the challenge of how to accelerate poverty reduction in rural areas.
Achieving the targets in the Agriculture scenario will lift an additional 16.5
million people above the poverty line by 2017, thereby reversing the current rising
trend in the number poor people. Even with 3.0 percent of annual population
growth, the absolute number of the poor will still fall to 59.7 million by 2017 (from
the current 77 million, and 78.7 million in the baseline’s 2017). Food security
would also improve, with an additional 140 kilograms of cereals and 300 kilograms
of root products available per capita by 2017 compared to current per capita availability. Furthermore, although Nigeria will continue to import some cereal products, such as wheat and rice, the ratio of imports in domestic consumption will be
substantially lower than that in the baseline scenario.
Faster agricultural growth benefits a majority of households. However, not all
households will benefit equally from achieving the crop and livestock growth targets
in the Agriculture scenario. For this reason, we also investigate the poverty impact
at the zonal level for the six regions. Results are reported in Table 8.5. The first two
columns of the table report poverty rates in 1996 and 2004. The third and fourth
columns report the poverty rates for 2017 from the baseline and Agriculture scenarios. To make the comparison across regions easy to read, we also report the reduction in poverty rates as both percentage points and percent changes, both relative
to 1996 and the baseline scenario’s 2017. These numbers are found in the final four
columns of the table. Finally, the national poverty rates are included for the country
as a whole and for the rural and urban areas separately in the first part of the table
(rows 1–3).
As seen in Table 8.5, there exists significant spatial disparity in Nigeria’s poverty
distribution. NLSS 2003/04 indicates that the three northern regions have higher
poverty rates than do the southern regions, although this disparity was less significant in 1996 (see the second and third columns in the table). The regional differences in poverty do not change in the baseline and Agriculture scenarios. For example,
the highest regional poverty rate in 2004 was in the Northeast (72.2 percent). This
situation will continue until 2017 in both scenarios. The spatial poverty gap, measured by the difference between the highest regional poverty rate in the Northeast
and the lowest poverty rate that is in the Southeast, was 45.5 percentage points in
2004 (the most recent year for which the poverty information is available). By 2017,
this gap is smaller in both scenarios but will still be 43.8–35.2 percentage points.
Measured by the percentage change from the level of poverty in 1996, it is reason-

65.6
69.8
58.2
58.2
53.5
60.9
64.7
70.1
77.2

National
Rural
Urban
South-central
Southeast
Southwest
North-central
Northeast
Northwest

54.4
63.3
43.2
35.1
26.7
43.0
67.0
72.2
71.2

2004
39.7
47.9
29.4
21.5
13.4
30.0
51.5
55.6
55.4

Baseline
30.8
37.3
22.6
14.0
8.5
24.7
41.9
42.2
43.7

–34.8
–32.5
–35.6
–44.2
–45.0
–36.2
–22.8
–27.9
–33.5

From
1996
–8.9
–10.6
–6.8
–7.4
–4.9
–5.3
–9.6
–13.4
–11.7

From baseline
scenario,
2017

Change (percentage points)

Source: The Nigerian dynamic computable general equilibrium model results.
Note: The poverty rate is the proportion of the population with per capita consumption below the poverty line.

1996

Region

Agriculture
scenario

Poverty rate, 2017 (percent)

Table 8.5—Regional poverty reduction in model scenarios

–53.0
–46.6
–61.1
–75.9
–84.1
–59.4
–35.2
–39.8
–43.4

From
1996

–22.4
–22.1
–23.1
–34.6
–36.5
–17.6
–18.7
–24.1
–21.1

From baseline
scenario,
2017

Change (percent)
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able to expect that accelerated high agricultural growth will allow the southern
regions to achieve the first MDG of halving the 1996 poverty rate by 2015. However,
this will not be the case for the three northern regions.
Because there are no growth targets at the state or regional level, we have assumed
a uniform target for each crop or livestock subsector across the six regions. Initial
conditions and growth potentials are very different between the north and south.
Analysis of NLSS 2003/04 and Core Welfare Indicator Survey (Nigeria, NBS
2007b) data shows that initial production conditions, such as access to fertilizer, are
far worse in the north than in the south. Without special attention paid to the
northern regions in terms of public investment, modern input access, and other
input and output market development, the growth opportunities may be further
biased toward the south. Unless this issue is given priority by the government, poverty reduction goals will be more difficult to achieve in the north.
Growth Multipliers and Subsector Contributions to Poverty Reduction

We now design a series of scenarios in which growth in some major crops or group
of crops or livestock products are individually simulated, while assuming that productivity in other crops and subsectors remains at baseline levels. Although productivity growth in a subsector can be assumed exogenously, it does not imply that there
is no growth impact on any other subsectors. Other sectors’ growth is affected
through linkage effects captured in the DCGE model. These effects include competition (and reallocation) over factors and inputs across subsectors, changes in relative prices, and changes in domestic demand and international trade. Because of
these complex linkages, growth in subsectors other than the targeted subsector can
be affected positively or negatively. For example, if increased maize supply can easily
find demand (domestically or internationally) and the maize price does not fall
significantly, then maize production will compete with other crops for additional
resources (land or labor) and intermediate inputs (for example, fertilizer). Thus,
growth in some crops, such as sorghum or millet, could be negatively affected. In
contrast, if there are demand constraints stemming from low income elasticity of
demand or a lack of export/import substitution opportunities, then domestic maize
prices will fall. In this case, even if maize yield rises, maize output could increase by
less than the growth in yields. Resources will then be released from maize production, and production of other crops could increase. These linkage effects imply that
the realization of growth targets is jointly determined by supply and demand in the
market. Therefore, policies affecting demand (including market development and
access) are equally important for accelerating agricultural growth.
Understanding the magnitude of poverty reduction led by a specific sector’s
growth is important when designing pro-poor growth strategies. We analyze these
linkages by calculating poverty–growth elasticities and growth multipliers. The latter
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allows us to compare spillover effects from growth in different subsectors. The
poverty–growth elasticity measures the responsiveness of the poverty rate to changes
in per capita GDP growth. Table 8.6 shows the calculated poverty–growth elasticities in the subsector scenarios. The value of the poverty-reduction elasticities from
growth led by different subsectors are all greater in magnitude than the baseline
elasticity of –0.851, the only exception being growth led by export crops. Thus,
growth in agriculture, particularly in staples, is indeed pro-poor. The table also
shows that growth driven by cereals is more effective at reducing poverty than
growth in other crops and livestock subsectors.
More important is that the model results show that the poverty–growth elasticity significantly increases in the Agriculture scenario (rising to –1.144), indicating
the strong synergy effects in poverty reduction across growth from different agricultural subsectors. For comparison, we report the poverty–growth elasticity for overall
growth led by nonagriculture (see the final row of the table). It shows that the elasticity in this case is much lower (–0.73). These results indicate that for the same level
of economic growth measured by total GDP, the poverty-reduction effect can be 57
percent higher if growth is led by the agricultural sector rather than by the nonTable 8.6—Poverty–growth elasticity and growth multipliers
Sector driving growth
Baseline scenario
Rice
Wheat
Maize
Millet and sorghum
Cereals
Cassava
Roots
Pulses
Exports
Livestock
Fish
Forestry
CAADP
Nonagriculture

Poverty–growth
elasticity
–0.851
–0.928
–0.853
–0.914
–0.915
–1.024
–0.893
–0.923
–0.892
–0.814
–0.858
–0.896
–0.861
–1.144
–0.730

Growth multipliers
Total GDP

Agricultural GDP

1.033
1.013
1.282
3.642
1.305
1.286
1.246
1.857
0.700

1.036
1.037
1.146
2.786
1.184
1.120
1.088
1.518
0.974

1.084

1.027

1.012

Source: The Nigerian dynamic computable general equilibrium model results.
Notes: Poverty–growth elasticity is the change in poverty rate (the proportion of the population with
per capita consumption below the poverty line) divided by the change in per capita GDP. A growth
multiplier is the increase in total or agricultural GDPs divided by the increase in GDP in the sector
leading overall GDP growth. CAADP = Comprehensive Africa Agriculture Development Programme.
GDP = gross domestic product. Blank cells = not applicable.
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agricultural sector. These results have strong implication for Nigeria’s development
strategy and for the allocation of public funds. This issue is discussed later in this
chapter.
Growth multipliers are another important indicator for measuring the differential contribution of agricultural growth at the subsector level to economywide
growth. We omit the multiplier results for the cases in which growth is led by livestock and forestry, because we also exogenously assume additional productivity
growth in their relevant processing sectors in these scenarios. For example, in the
livestock-led growth scenario, additional productivity growth in meat and milk
processing is considered; in the forestry-led growth scenario the wood-processing
growth is considered. Because additional productivity growth from these nonagricultural subsectors is assumed in these scenarios, it makes them difficult to compare with growth led by the crop subsectors and fisheries.
Among the three groups of crops, the highest growth multiplier is for pulses.
This is true for the multipliers measured against both total and agricultural GDP.
The results indicate that a unit increase in pulses production (real value-added)
causes a 1.857-unit increase in total GDP or a 1.518-unit increase in agricultural
GDP (in real terms). This high multiplier indicates strong linkages between pulse
production and other economic activities. Similarly, cassava has a high growth multiplier among root crops.
At the individual crop level, millet and sorghum have the strongest multiplier
effects. Economic linkages on the supply side come from (1) increased demand in
intermediate inputs (that is, backward linkages); (2) provision of more low-cost
inputs to other agricultural or food processing production (that is, forward linkages); and (3) release of resources (land and labor) to be used by other crops (that
is, factor mobility linkages). Demand-side linkages are also strong and arise through
increased demand for other agricultural and nonagricultural commodities as the
result of increased farmer incomes from the additional growth of production in
some agricultural subsectors. However, in the case of millet and sorghum, for which
the highest growth multiplier is obtained in the simulation, the main reason is the
effects of factor mobility linkages. Millet and sorghum are income-inelastic commodities: at higher income levels, households spend less income to consume additional millet and sorghum and prefer to allocate more income into consumption of
other foods, such as rice, wheat, or livestock products. Growth in millet and sorghum supply from increased productivity is not necessarily the same as growth in
the two crops’ yields, which implies less land and labor are needed to produce these
two crops when their yields increase. When fewer resources are used to produce
millet and sorghum without lowering the supply level of these two crops (that is,
when part of the land and labor initially used for millet and sorghum production
can be released and reallocated into production of other crops, such as rice, maize,
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and wheat), the strong growth multiplier occurs. Thus, in the case of millet and
sorghum, the model result seems to indicate that resources (primarily land) allocated
to the production of these two crops are excessive when these two crops’ productivity
is low. Thus, when millet and sorghum become more productive, many other agricultural subsectors and the economy as a whole benefit through the multiplier effect
of the two crops with the rest of economy.
However, the value of the growth multiplier measured by gains in GDP in the
case of growth led by export crop is smaller than one (see Table 8.6). When the
growth multiplier is less than one, it indicates that, at the given level of resources,
growth in some other sectors is negatively affected by the growth in the targeted
subsectors (export crops in this case). The main reason is that domestic prices for
export-oriented commodities are mainly determined by the international markets.
With such price advantages, export-oriented sectors will compete with other sectors
for resources (land, labor, capital, and other inputs). At the given resource level,
competition affects the factor prices, which in turn makes it difficult for many other
sectors to increase production. Of course, with fewer resources allocated, production
in the other sectors falls. This result has important policy implication. Although
developing export-oriented agricultural production is often high on the agenda of
the government, growth in such production will have weak linkages with the domestic economy if there are no additional resources (land and labor) available in the
country, or if export-oriented production cannot create domestic demand for such
products (either through development of agroprocessing or through consumer
demand). Focusing on export-oriented crops may also have negative effects on growth
outside export-oriented production, which results in smaller economywide gains
from such a strategy.
Price Effects from Accelerated Agricultural Growth

Even if productivity-led agricultural growth benefits a majority of households in
both rural and urban areas, negative price effect from such growth can hurt some
farmers. For those farmers who are unable to adopt the high-yield technology and
still use traditional farming technology, lowered output prices caused by increased
production from other, more productive, farmers implies that their revenues from
producing the same amount of products fall. In contrast, for those farmers who have
adopted the high-yield technology but are facing increased input prices (for example, higher fertilizer price), lowered output prices together with increased input
prices might make them less profitable despite using modern technology. Thus, it
is necessary to assess the possible price effect from accelerated agricultural growth
in the Agriculture scenario.
Figure 8.4 shows the price trends for selected agricultural products in the
Agriculture scenario. In Figure 8.4 prices for individual agricultural commodities
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Figure 8.4—Agriculture price changes in the Agriculture scenario
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Source: The Nigerian dynamic computable general equilibrium model results.
Note: Price changes are relative to baseline prices.

are normalized by the consumer price index (CPI), giving the change in a commodity’s price relative to CPI, which represents the overall price level. It can be seen
that in most cases, change in the prices is closely related to the magnitude of the
growth in production of these products. Maize, sugar, poultry, and fish have annual
growth rates between 9 and 32 percent, and prices for these products fall the most.
The figure also shows that the price for rice, an import-substitutable crop with
annual growth rate of 10.3 percent in the simulations, actually rises over time relative to CPI. As for export crops (cocoa and cotton) with annual growth rates higher
than 10 percent in the simulation, their prices (relative to the CPI) also rise over
time.
The price trends are also affected by the market demand for different commodities. If a commodity has higher income elasticity, can be substituted by imports, or
can be exported in increased amounts, its price will be less affected by the increased
supply. The high income elasticity implies that with increased income generated
from growth (both in agricultural and nonagricultural activities), consumers prefer
to allocate more of their incomes to consume such commodities. The income elasticity for primary agricultural goods is relatively high only in countries with an
average per capita income just barely able to meet the basic needs. However, in the
case of Nigeria, whose average per capita annual income is close to US$1,000, it is
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unlikely that most primary agricultural products will have high income elasticities.
Although the income elasticities for the foods consumed by the poor in rural and
urban areas are higher than that for the country as whole, they are unlikely to
become the driving force in determining market demand, given the current income
distribution in the country.
However, besides import substitution (such as in the case of rice and wheat),
there are market opportunities for agriculture by developing agroprocessing industries in the country and by expanding the export market. Nigeria has the largest
agroprocessing industry in West Africa. Promising export opportunities for many
staple commodities do exist in both regional and global markets. An example is
cassava, which accounts for the largest land allocation and highest agricultural valueadded of any sector in the country. Cassava chips and flours are excellent inputs for
both the feed and agroprocessing sectors and are in high demand in international
markets as well. For instance, Thailand, which accounts for 10 percent of the world
cassava production, exports 80 percent of its cassava products. Currently with
around 22 million metric tons of cassava traded mostly as chips and flour, this
country controls 70–80 percent of the world cassava market. In contrast, cassava in
Nigeria is mainly for domestic food consumption. It is therefore reasonable to think
that with the adoption of high-yield varieties, cost-effective processing technologies,
and improved market access conditions, Nigeria could successfully export cassava
to the rest of the world. In such a scenario, Nigeria could become one of the dominant cassava exporters in the world, and both the growth multiplier and povertyreduction–growth elasticity of cassava-led growth would further increase.
Another example is the poultry sector. The results of our model show that
poultry prices fall significantly when a high growth in poultry is targeted. However,
current domestic poultry prices are not competitive, and without border protection
in imports, domestic poultry prices would not be as high as they currently are. The
model result actually shows that only through improving the poultry sector’s productivity can the country eventually get rid of its import restriction, so that poultry
could become an export commodity to the neighborhood countries in West Africa.
Development of a modern poultry industry would provide the country not only
with great export opportunities in poultry products but also would create more
domestic demand for maize and other crops as poultry feed, which would further
enhance the linkage and multiplier effects in the entire economy. The successful
experience of Thailand becoming a large poultry exporter since the late 1980s illustrates such possibilities. The rapid growth in poultry exports has created a big
market for maize in the country. Before that, feed demand in Thailand accounted
for only a small portion of maize production (3–7 percent), similar to the situation
in Nigeria today. With the development of the poultry industry, feed demand in
Thailand now accounts for 70–80 percent of maize production (a tenfold increase
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over two decades). It is therefore reasonable to believe that development of the
poultry sector in Nigeria offers an opportunity for maize production to grow, making it not only an important staple commodity for human consumption but also
an important cash crop for many smallholder farmers. Table 8.7 summarizes the
findings of our analysis in this section.
Agricultural Investment Analysis

Based on the DCGE model results, we estimate the required public investments in
agriculture for 2009–17 in this section. In Nigeria supporting the agricultural sector
is a joint responsibility of the three tiers of governments, federal, state, and local, as
mandated by the 1999 constitution. To quantitatively estimate the required agricultural spending, the availability of time series data for the three tiers of government
expenditure is critical. Unfortunately, we are unable to obtain spending data by
different items (for example, spending on research and extension or on fertilizer
subsidies) for any tier of government, and local government total spending data are
also limited to a few recent years. Thus, we only consider federal and state total
spending in the analysis. The methodology introduced in Chapter 2 is used here. It
is based on an estimated elasticity relating agricultural TFP to public agricultural
spending (a growth–spending elasticity). An agricultural TFP time series was
obtained from Nin Pratt and Yu (2008).
The results of our investment analysis show that the growth–spending elasticity
for Nigeria is 0.24. Although this elasticity is used in the analysis, to further analyze
the sensitivity of required spending with respect to the choice of elasticity (which
partially reflects the efficiency of spending), we also consider a case in which the
elasticity increases to 0.41, which is close to the one obtained for cross-country
estimations treating Sub-Saharan Africa as a whole. Agricultural growth is also
affected by nonagricultural investment, and hence, the latter is also needed to estimate the agricultural growth response to nonagricultural spending. The estimated
result is 0.46, rather high compared with the elasticity with respect to the agricultural spending. Given that most public good provision, including investment in
infrastructure and spending on education and health, is counted as part of nonagricultural spending, the estimation result is not surprising, because such spending
definitely benefits the entire economy, including the rural economy and the agricultural sector. However, measured as returns to the amount of spending, nonagricultural spending is not necessarily more effective than agricultural spending
in terms of promoting agricultural growth. The size of nonagricultural spending is
20–25 times that of agricultural spending in Nigeria, which implies that a 1 percent
increase in nonagricultural spending is equivalent to a 20–25 percent increase in
agricultural spending. Thus, the dollar-to-dollar comparison still indicates that
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agricultural spending is more effective than nonagricultural spending for agricultural productivity growth.
But we are skeptical of using this nonagricultural spending elasticity in the
analysis for the following reasons. First, constrained by the data availability, we have
to define nonagricultural spending as the difference between total spending and
agricultural spending. Thus, part of spending that is classified as nonagricultural
may directly target agricultural and rural development (for example, rural road and
rural electrification). Second, the quality of data for agricultural spending is relatively poor compared with the total spending data, and agricultural spending is a
small portion of total spending (less than 4 percent in most years). As a result, the
data are likely to produce a biased estimate by not fully distinguishing between the
direct and indirect effects of nonagricultural spending. Furthermore, the estimated
nonagricultural elasticity is inconsistent with growth in both agricultural and nonagricultural spending if we use it to calibrate the historical data. For these reasons,
a calibration method is applied in this study for the nonagricultural elasticity using
the historical data for agricultural and nonagricultural spending and growth in
agricultural TFP, together with the estimated elasticity for the agricultural spending.
The calibrated nonagricultural spending elasticity is 0.14.
We consider four scenarios in assessing the growth in agricultural spending
required to support the 5.62 percent agricultural TFP growth rate obtained from
the Agriculture scenario of the DCGE model. In the first scenario, the elasticity of
agricultural TFP with respect to agriculture spending as our estimation result (0.24)
is applied. We assume that the growth rate of nonagricultural spending is the same
as that of the current trend (which is the same as in the baseline). Combining this
value with an elasticity of 0.14 with respect to the nonagricultural spending, our
analysis shows that 23.8 percent of annual growth in agricultural spending is
required in 2009–17 to support the target of 9.45 percent agricultural growth (and
5.62 percent agricultural TFP growth). This result is consistent with the estimation
of Fan, Yu, and Saurkar (2008), in which 25.1 percent of annual growth is required
for agricultural spending to achieve the first MDG in Nigeria. However, when the
agricultural spending is assumed to be more efficient in the second scenario of our
analysis (that is, the value of elasticity is increased from 0.24 to 0.41), required
agricultural spending only needs to grow at 13.6 percent per year (Table 8.8).
Using the additional growth in agricultural spending and given the growth in
the nonagricultural spending, the share of agricultural spending in government
total expenditure rises gradually. Currently, agriculture accounts for 4.2 percent
of total government expenditure; this share will eventually rise to 14.6 percent by
2015 and 18.6 percent by 2017 using the low elasticity in the first scenario. In the
second scenario with a high elasticity (that is, assuming improved spending efficiency), the share of agricultural expenditure in total spending will be 7.3 percent
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Table 8.8—Estimated government resource allocation under investment
analysis (percent)
Agricultural TFP
growth due to
PAE growth only
Indicator/sector
Real annual growth rates
Total GDP
Agriculture
Nonagriculture
National TFP
Agriculture
Nonagriculture
Total public spending
Agriculture
Nonagriculture
Government expenditure shares
PAE/total expenditure
2008
2015
2017
PAE/agricultural GDP
2008
2015
2017
Total expenditure/total GDP
2008
2015
2017

Agricultural TFP
growth including effects
of faster PNE growth

Baseline
scenario

Low
elasticity

High
elasticity

Low
elasticity

High
elasticity

6.5
5.7
6.5
2.5
2.3
2.5
7.0
4.7
7.1

8.0
9.5
8.0
3.8
5.6
3.0
8.6
23.8
7.1

8.0
9.5
8.0
3.8
5.6
3.0
7.4
13.6
7.1

8.0
9.5
8.0
3.8
5.6
3.0
9.1
17.5
8.5

8.0
9.5
8.0
3.8
5.6
3.0
8.5
8.5
8.5

4.2
3.6
3.5

5.8
14.6
18.6

4.9
7.3
8.1

5.1
8.6
9.9

4.4
4.4
4.4

2.9
2.7
2.7

3.8
9.1
11.7

3.2
4.2
4.5

3.5
5.7
6.5

2.9
2.8
2.7

21.3
22.1
22.3

21.0
21.6
22.2

20.8
19.9
19.7

21.5
22.8
23.3

21.3
21.8
22.0

Source: The Nigerian investment analysis results.
Notes: GDP = gross domestic product. PAE = public agricultural expenditure. PNE = public nonagricultural expenditure. TFP = total factor productivity.

in 2015 and 8.1 percent in 2017 (see Table 8.8). It is necessary in practice to emphasize how to improve the spending efficiency to better support agricultural growth
with limited resources. This issue is also important when the CAADP target of
allocating 10 percent of the government’s budget to the agricultural sector is considered. If the government can significantly improve its efficiency in agricultural
investment, much less spending is required to support the same amount of agricultural and economic growth, and hence the share of agriculture in total spending
does not necessarily need to be 10 percent.
In the first two scenarios, we assume the growth in nonagricultural spending is
at its baseline level, and required agricultural spending is the only driver to support
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accelerated agricultural growth. In other words, we ignore the indirect effect of
additional growth in nonagricultural spending on agricultural growth. In the third
and fourth scenarios, we consider this factor and re-estimate the required agricultural spending using the low and high elasticities, respectively. Increased nonagricultural spending is assumed to be proportional to the nonagricultural sector’s
TFP growth, which increases to 2.98 percent per year from 2.47 percent in the
baseline. Such growth in the DCGE model is primarily a result of growth linkages between agriculture and nonagriculture, that is, improvement in the agricultural economy benefits the nonagricultural sector. Consistent with increased
nonagricultural TFP growth, annual growth in nonagricultural spending needs to
rise from 7.06 percent in the baseline scenario to 8.52 percent in the accelerated
agricultural growth scenario. Additional nonagricultural spending indirectly affects
growth in agriculture. Using an elasticity of 0.14 with respect to nonagricultural
spending, part of agricultural growth can be indirectly supported by additional
government spending on the economy as whole. This lowers required annual
growth in the agricultural spending from 23.8 percent to 17.5 percent (in scenario
3) using the low elasticity of agricultural spending (0.24), and from 13.6 percent to
8.5 percent using the high elasticity (0.41, in scenario 4).
Translated into monetary terms, the analysis shows that without taking into
account the change in government nonagricultural spending and in the low elasticity scenario (scenario 1), the government will need to increase its investments in
agriculture from 185 billion Nigerian nairas (NGN185 billion) currently (2008) to
NGN1,265 and NGN1,940 billion (in 2006 prices) by 2015 and 2017, respectively. In contrast, in the baseline scenario, which follows the current growth trend
in government spending, additional agricultural spending will be much lower—
only NGN278 and NGN305 billion in 2015 and 2017 (Figure 8.5). When a more
optimistic spending efficiency is assumed in the second scenario (that is, the high
elasticity is used), agricultural spending will be NGN583 billion by 2015 and will
reach NGN753 billion by 2017, implying that the improvement in investment
efficiency allows the government to save more than NGN4,300 billion in total
between 2009 and 2017 or more than NGN400 billion per year on average.
Improvement in agricultural spending efficiency also reduces the required total
government spending. In scenario 1 with the low elasticity, the annual growth in
total government expenditure will rise to 8.6 percent (see Table 8.8) and will reach
NGN10,452 billion by 2017 (Figure 8.6), in contrast with 7.0 percent annual
growth in the baseline and NGN8,817 billion in the baseline’s 2017 prediction.
Using the high elasticity in scenario 2, the annual growth in total government
spending will be 7.4 percent. As a result, total government expenditure by 2017
stands at NGN9,265 billion, which is only NGN448 billion more than the baseline’s 2017 estimation (see Figure 8.6).
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Figure 8.5—Additional agricultural spending required in the Agriculture
scenario
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Figure 8.6—Total spending required in the Agriculture scenario
Expenditure (2008 Naira billion)
11,300
10,300
9,300

Low elasticity without nonagriculture
High elasticity with nonagriculture
Low elasticity with nonagriculture
High elasticity without nonagriculture
Baseline

8,300
7,300
6,300
5,300
4,300
2008

2009

2010

2011

2012

Source: The Nigerian investment analysis results.

2013

2014

2015

2016

2017

240

XINSHEN DIAO ET AL.

In the third and fourth scenarios when additional growth in nonagricultural
spending and its indirect effect on agricultural growth are taken into consideration,
a relatively slow growth in the required agricultural spending implies a reduced level
of such spending over time. Using the low elasticity (scenario 3), the value of agricultural spending will reach NGN788 billion and NGN1,087 billion by 2015 and
2017, respectively, whereas the high elasticity in scenario 4, it will be NGN356
billion and NGN455 billion by 2015 and 2017, respectively. However, as additional
spending on the nonagricultural sector is taken into account, total government
spending will not decline from that in the previous two scenarios. In fact, with either
low or high efficiency in agricultural spending, the total government spending rises
over time (see Figure 8.6). That is to say, because nonagriculture accounts for a
much larger share of total spending than does agriculture, even with very rapid
growth in agricultural spending, the driving force of growth in the government total
spending will still be the nonagricultural economy.
Conclusions

Several key messages emerge from our analysis. First, the size of an agricultural subsector is important for determining the importance of this subsector in stimulating
overall growth. Although a high growth goal for a small subsector can be set, the
economywide impact of this subsector is often small. Growth in a relatively large
subsector generally creates more growth for the economy as a whole. The analysis
in this chapter shows that even with double-digit growth in a small subsector (for
example, wheat or sugar), its growth contribution to the agricultural sector as a
whole could be insignificant. In contrast, a large agricultural subsector, such as rice
or cassava, can create more growth in the whole economy, so that the sector can
become the leading force in the growth process.
Second, priority setting needs to consider the linkage effect of a subsector to
the rest of economy (for example, measured as a growth multiplier). A subsector
with strong linkages to the rest of the economy can generate more gains as a whole
than can a subsector with weak linkages. A subsector that can stimulate domestic
demand either through agroprocessing or through generating income for a majority
of farmers (for example, cassava or poultry) often has stronger multiplier effects for
overall growth than does a subsector that is only exported as primary unprocessed
products.
Third, the market opportunities of a subsector must be considered when setting
priorities. Negative price effect is often an indicator of weak market opportunities
or other types of market-access constraints. Growth is not only determined by productivity in the production process of a targeted agricultural subsector. It is also
constrained by the market opportunities and conditions for accessing markets.
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Often, both domestic and export (or import-substitution) market opportunities are
interrelated with the development of the agroprocessing industry, trade policies in
both domestic and international markets, and market-access conditions faced by
producers. Thus, agricultural growth needs to be supported by pro-agriculture
investments and interventions outside agriculture. This support is key for successful
implementation of an agricultural strategy.
Finally, the pro-poorness of an agricultural subsector’s growth should be a top
consideration for any agricultural strategy. Even though agricultural growth is generally pro-poor, different types of agricultural growth can lift varying numbers of
people out of poverty (in total and in different locations), depending on a country’s
poverty distribution across regions and among households. Carefully assessing the
linkages between subsector agricultural growth and poverty reduction at both
national and regional (state) levels and taking advantage of such linkages are important steps to ensure that agricultural growth is pro-poor.
Given Nigeria’s size and constitutional structure, agricultural performance in
the country is dependent not only on strategies set by the federal government. The
state governments are also equally important players in determining the direction
of agricultural development. Constrained by the lack of information on state-level
policies and other economic data, our study discusses only the agricultural growth
options for the country as a whole. Although more studies are necessary at the state
level, some of our results in terms of priority setting in an agricultural strategy at the
national level may also be useful for a state-level study. Moreover, the linkages
between strategies at the state and at federal levels are an important aspect of strategic analysis for agricultural development.
We also estimated the required public investment to support accelerated agricultural growth and poverty reduction. Our analysis showed that the required
growth in agricultural spending and the share of such spending in government total
spending depend critically on two important factors: (1) the efficiency of agricultural investment and (2) the interaction of agriculture and nonagriculture in both
broad economic activities and government investments. Growth in the agricultural
sector and the rural economy depends on public investment in both agriculture
and nonagriculture, and it is necessary to take into account possible increases in
nonagricultural spending (on infrastructure, education, and health) when estimating the required agricultural spending. Estimated results of required agricultural spending will be quite different when possible impacts of increased
nonagricultural spending on agricultural growth are taken into account. With the
current inefficient agricultural spending patterns, required growth in the agricultural
spending is extremely high (between 17.5 and 23.8 percent), and the resources the
government has to mobilize to support accelerated agricultural growth will reach 18
percent of total spending by 2017. Considering the recent spending trends, it is
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obviously unlikely that the Nigerian government will increase agricultural spending
to such levels before 2015. The increase in required agricultural spending growth
will, in turn, drive rapid growth in total spending. Even if we take into account the
indirect effect of nonagricultural spending on agricultural growth without improving spending efficiency, the required growth in total spending increases. Clearly,
improving investment efficiency is the most important challenge for the Nigerian
government to effectively support accelerated agricultural growth and help meet the
first MGD. Increasing agricultural investment efficiency by 75 percent (so that the
marginal effect of spending rises to 0.41 from its current value of 0.24), which is
the average value for Sub-Saharan Africa as a whole, would significantly reduce
required growth in both agricultural spending and total spending. It would then
become more realistic to achieve the first MDG by mobilizing additional resources
generated from economic growth.
Appendix

Table 8A.1—Structure of the Nigerian social accounting matrix
Agricultural sectors

Industrial sectors

Service sectors

Factors
Households
Regions

Rice; wheat; maize; sorghum; millet; cassava; yams; cocoyams; potatoes; sweet
potatoes; plantains; beans; groundnuts; soybeans; other oilseeds; vegetables;
fruits; cocoa; coffee; cotton; oil palm; sugar; tobacco; nuts; cashew nuts; rubber;
other export crops; cattle; goats and sheep; poultry; other livestock; forestry;
fisheries
Crude oil; other mining; beef; goat and sheep meat; poultry meat; eggs; milk; other
meat; beverages; other foods; textiles; wood processing; electronic manufacturing;
other manufacturing; oil refining; construction; utilities
Road transportation; other transportation; trade; hotels and restaurants;
communications; finance and other business services; real estate; education;
health; public services; other private services
Agricultural land by region; agricultural labor; nonagricultural labor; agricultural capital;
nonagricultural capital
Rural and urban households by six regions (12 household groups)
South-central; Southeast; Southwest; North-central; Northeast; Northwest

Source: Authors.

Note
1. The rural poverty rate was 69.8 percent in 1996.
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Chapter 9

Malawi
Samuel Benin, James Thurlow, Xinshen Diao,
Christen McCool, and Franklin Simtowe

D

uring 2000–06, Malawi’s agricultural sector was one of the worst performing
in Sub-Saharan Africa, with its gross domestic product (GDP) declining by
an average 0.6 percent per year (World Bank 2010). Given that agriculture
constituted more than one-third of Malawi’s economy, its stagnation slowed overall
economic growth in the country, despite nonagriculture’s stronger performance.
Population growth also outpaced economic growth, causing per capita incomes
to fall. By 2006 Malawi and its agricultural sector were clearly in crisis. Poverty
remained high and widespread, and malnutrition and food insecurity were worsening (Malawi, NSO 2005; Harrigan 2008).
It is true that Malawi is one of the most densely populated countries in Africa,
and that it is prone to the detrimental effects of climate variability and extreme
weather events, particularly droughts (Pauw et al. 2010). However, Malawi does
have more favorable agro-ecological conditions than many other African countries
(Diao et al. 2007). Indeed, agriculture’s poor performance during the early 2000s
stood in stark contrast to that of the 1990s, when the sector grew by more than 7
percent per year and was the driving force behind rising per capita GDP (World
Bank 2010). This rapid growth was at least partly a result of structural reforms,
which, despite sequencing and implementation problems, removed many distor-

The authors thank Ian Kumwenda (Malawi Agricultural Sector Investment Programme) and David
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for Eastern and Southern Africa (COMESA) and was funded by the United States Agency for
International Development.
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tionary market interventions (see Kherallah and Govindan 1999; Orr and Mwale
2001; Harrigan 2003; Dorward and Kydd 2004). These reforms addressed some of
the constraints on agricultural growth, but many still remained in effect at the end
of the 1990s (and some may have emerged from the reforms themselves; see Chilowa
1998). These constraints include, among others, inadequate rural infrastructure and
high transaction costs (Fafchamps, Gabre-Madhin, and Minten 2005; Dorward
2006), a lack of access to credit and modern inputs (Diagne and Zeller 2001), and
improper land management practices (Carr 1997).
The structural explanation for slower agricultural growth in Malawi was that
land expansion was the driving force behind agricultural growth in the 1990s, and
this became increasingly unsustainable because of high rural population density
(and seasonal labor shortages; see Alwang and Siegel 1999; Orr 2000). Indeed, the
expansion of harvested land area accounted for three-fifths of production growth
during 1997–2005, with the rest driven by yield improvements (FAO 2010). In
2006, recognizing the need for an intensification strategy to address the food crisis,
the Government of Malawi implemented an extensive new program to subsidize
and distribute modern inputs to smallholder farmers. This effort helped generate
higher agricultural and national economic growth of 6.5 and 5.5 percent per year,
respectively, during 2006–09 (Sanchez, Denning, and Nziguheb. 2009; World Bank
2010; Dorward and Chirwa 2011). The 2006 program was not the first attempt to
publically provide farm inputs in Malawi, but previous initiatives had faced external
opposition and other implementation problems (see Harrigan 2008).
Recent surveys suggest that poverty in Malawi fell between 2006 and 2009
(Malawi, NSO 2009). However, this reduction occurred mainly in urban areas and
the northern region of the country. Therefore, despite higher national maize production resulting from the new input-subsidy program, there remains a pressing need
for broad-based growth and poverty reduction. Domestic demand and marketing constraints, which cause maize prices to fall when production expands, impede
progress by limiting income growth for farmers. Indeed, the need for smallholder
farmers in Malawi to diversify into staple crops other than maize has long been
recognized (see, for example, Orr and Mwale 2001).
Given the recent successes in improving food security in many parts of rural
Malawi, there is now greater scope for a more diversified agricultural growth strategy
(see Harrigan 2008). In this chapter we evaluate different agricultural growth
paths for Malawi in terms of their ability to reduce poverty throughout the country.
We also estimate the fiscal implications of the investments needed to accelerate
agricultural growth. For this purpose we develop a recursive dynamic computable
general equilibrium (DCGE) model of Malawi based on the one described in
Chapter 2 of this volume. One of the distinctive features of this case study is its
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integration of a “farm typology” within the DCGE model, which allows a higher
resolution assessment of growth and poverty effects.
The chapter is structured as follows. We first review the structure of Malawi’s
agricultural sector and introduce the farm typology. We then describe the structure
of the Malawian DCGE model and its underlying data sources. The model results
are then presented for the baseline growth scenario and the accelerated agricultural
growth scenarios. This is followed by the results from the investment analysis. We
conclude the chapter by summarizing our findings.
Agriculture in Malawi

Agriculture provides a vital source of income for most Malawians. At the national
level, the sector contributes more than 40 percent to GDP and 60 percent to foreign
earnings (exports), and it employs three-quarters of the population.1 Malawi has
one of the highest population densities in Sub-Saharan Africa, and the average landholding size is only 1.13 hectares for rural households (World Bank 2010). Given
these land constraints, we focus our discussion of the structure of agriculture around
the importance of farm size in determining the cropping patterns and opportunities
of farmers. Malawi can be divided into eight subnational regions or agricultural development domains (Figure 9.1). We define the three rural farm household groups in
each region according to the size of their landholdings. Our discussion of this typology of farmers focuses on the most important staple crop (maize) and export crop
(tobacco).
Almost all farmers grow maize. However, farmers with small landholdings (less
than 0.75 hectares per household) rarely grow tobacco and other export-oriented
crops (Table 9.1). This group of farmers, which we call “small-scale farmers,” is
characterized by small landholding sizes and few opportunities for export crop
production. About one-third of Malawian farmers fall into this small-scale category, of which two-thirds reside in the three larger southern regions, Lilongwe,
Machinga, and Blantyre (see Table 9A.1 in the appendix to this chapter). The average landholding size for small-scale farmers is 0.69 hectares, of which 0.36 hectares
is allocated to maize and 0.16 hectares to pulses. Not only are landholdings small,
but average crop yields for small-scale farmers are also slightly below the national
average. Small-scale farm households also tend to have lower per capita incomes
and expenditures and a higher incidence of poverty. Although this farm group
makes up only 30 percent of the total population, they account for 36 percent of
the poor population.
Unlike small-scale farmers, farmers with more than 3 hectares of land are far
more likely to engage in export-crop production, especially tobacco, tea, and sugar-
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Figure 9.1— Agricultural districts in Malawi

Karonga

Mzuzu

Kasungu
Salima
Lilongwe

Machinga

Blantyre
Ngabu

Source: Authors.

cane. Although these farmers harvest 14 percent of cropland, they account for a
much larger share of the land allocated to export crops and a smaller share of nonmaize foodcrops, such as roots and pulses. We call these farmers “large-scale farmers”
although it should be noted that this group includes farms ranging from 3 hectares
to large estates. The average large-scale farm is 8 hectares in size, although this
number is biased upward by a relatively small number of very large farms, such that
the median farm size for this group lies well below the mean. Large-scale farms tend
to have higher than average per capita expenditures: US$204 per person compared
to US$122 for small-scale rural farmers. Accordingly, the incidence of poverty
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52.4
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and nonfarm

0.75

1.00
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0.03
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3.1
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0.99
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Urban farm
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nonfarm

1.14
1.11
0.49
5.28
0.66

2,876
1.29
0.63
0.06
0.15
0.30
0.04
0.06
0.05

10,335
2,237
4.6
129.6
56.7

All sizes

1.07
1.12
0.59
5.25
0.68

0.01

3,731
942
4.0
121.6
61.0
35.7
647
0.69
0.36
0.04
0.09
0.16
0.02

Small
(<0.75 ha)

1.14
1.17
0.58
5.54
0.76

6,240
1,241
5.0
130.1
55.6
54.4
1,792
1.44
0.70
0.08
0.18
0.36
0.05
0.03
0.05

Medium
(0.75–3.0 ha)

Rural farm

1.27
1.61
0.59
6.07
0.78

363
54
6.7
203.7
30.6
1.7
437
8.02
3.67
0.09
0.36
1.17
0.13
1.79
0.81

Large
(>3 ha)

458
134
3.4
185.8
37.5
2.7

Rural
nonfarm

Source: Authors’ calculations using Malawi, NSO (2005) and Malawi, MAFS (2007).
Notes: Per capita expenditure is mean expenditure unadjusted for adult equivalence. It is based on the national basic needs poverty line (approximately MWK16,165 or US$115
per person per year). ha = hectare. mt = metric ton. MWK = Malawian kwachas. Blank cells = not applicable.

Population (thousands)
Number of households
Household size
Per capita expenditure (US$)
Poverty rate (percent)
Share of poor (percent)
Harvest area (thousand ha)
Average farmland (ha)
Maize
Other cereals
Roots
Pulses and nuts
Horticulture
Tobacco
Other export crops
Crop yields (mt/ha)
Maize
Rice
Sorghum and millet
Cassava
Groundnuts

Indicator

Table 9.1—Land and population distribution across farm and nonfarm households
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among large-scale farm households is about half that of small-scale farm households
(30.6 percent compared to 61.0 percent). Given lower poverty rates and because
there are only about 54,000 rural farm households with more than 3 hectares of
land, only 1.7 percent of Malawi’s poor people live on large-scale farms. With the
exception of tobacco, large-scale export-crop production is often concentrated in
specific agroecological zones. For example, tea production takes place mainly in the
Blantyre region, whereas sugarcane production is mainly in Salima.
Most Malawian farmers fall between the small- and large-scale groups identified
above. These “medium-scale” farmers, whose plots average 1.44 hectares, tend to
have more diverse cropping patterns, with similar shares of land allocated to maize
and nonmaize foodcrops. This group comprises 1.2 million households. Mediumscale farmers do cultivate export-oriented crops, particularly tobacco and cotton.
They have larger than average household sizes, yet their per capita expenditures are
above the national average. About 56 percent of people living on medium-scale
farms fall below the national poverty line; this number is well above the poverty rate
of large-scale farms but only slightly below that of small-scale farms. Despite the
slightly lower poverty rate, the large size of this population group means that more
than half of poor Malawians live on medium-scale farms in rural areas.
Finally, urban agriculturalists are an important part of Malawi’s agricultural
sector. They account for almost 6 percent of harvested land (see Table 9.1). These
urban farm households have cropping patterns similar to those of medium-scale
rural farm households, except that they usually grow maize rather than root crops.
This preference is not surprising, given the concentration of urban households in
the central and southern regions of the country (roots are a more important foodcrop for northern farmers) (see Table 9A.1 in the appendix to this chapter). Urban
farm households also tend to be more heavily engaged in higher earning off-farm
activities compared to rural households. Thus, even though farm sizes and agricultural incomes of urban farmers are similar to those of medium-scale rural farmers,
the average per capita income is substantially higher for urban farmers. The poverty
level among urban farm households is thus below that of even large-scale, nonfarm
rural households, both of whose poverty rates are below the rural average.
This typology of farm and nonfarm households in each of the eight regions
forms the underlying structure of the DCGE model. However, before describing
the model we first review Malawi’s agricultural policies and the constraints to faster
growth in the sector.
The Malawian DCGE Model

A new SAM for Malawi was developed for this study to capture the country’s economic structure in 2004, including the linkages between agricultural and non-
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agricultural sectors. The SAM is the main database for calibrating the Malawian
DCGE model. It is built using a range of data sources, including national accounts,
trade and customs data, government budgets, and household survey data. The
information from these disparate sources was reconciled using cross-entropy estimation techniques (as described in Chapter 2).
The SAM contains detailed production information on 36 sectors, 17 of which
are in agriculture (see Table 9A.2 in the appendix to this chapter). Crop production
and land area data are drawn from Malawi, MAFS (2007), and crop technologies
are from Malawi, MAFS (2003). When production information was unavailable for
certain crops, information was taken from FAO (2010). Agricultural crops are
grouped into five broad groups: (1) cereal crops (for example, maize, rice, sorghum,
and millet); (2) root crops (for example, cassava and potatoes); (3) pulses and nuts
(such as beans, oilseeds, and groundnuts); (4) horticulture (fruits and vegetables);
and (5) high-value export-oriented crops (for example, tobacco, cotton, and sugarcane). The SAM also includes different forms of livestock, and forestry and fisheries.
These agricultural commodities are not only traded domestically and abroad but
are also used as inputs by downstream activities in manufacturing, such as food and
wood processing. Conversely, agricultural producers use nonagricultural inputs,
such as fertilizer and transport. Nonagricultural production technologies were
drawn from the input–output table in Chulu and Wobst (2001). The SAM database
on production technologies and linkages allows the DCGE model to evaluate
economywide impacts of growth in different agricultural crops and subsectors.
The DCGE model also captures heterogeneity in spatial production patterns.
Rural agricultural production is disaggregated into Malawi’s eight main agroecological regions (see Figure 9.1) and into small-, medium-, and large-scale farmer
groups (based on the farm typology described in the previous section). To capture
the importance and unique circumstances of urban agriculture, urban agricultural
production is treated as a separate region. Thus, nine subnational regions are identified in the model (eight rural and one urban) and have different initial cropping
patterns.
Each group of farmers in each region responds to changes in production technology, commodity demand, and relative prices by reallocating their agricultural
lands to different crops in order to maximize income. These representative farmers
also reallocate labor and capital between farm and nonfarm activities, including
livestock and fishing, wage employment on larger farms, and migration to nonagricultural work in more urbanized sectors. Labor in the Malawi model is separated
into categories, including region-specific family farmworkers, national unskilled
labor working both on and off the farm, and national skilled non-farmworkers.
By capturing farm-level information across subnational regions, the DCGE
model can assess growth effects at the national level while also taking into account
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the microlevel decisionmaking typically associated with more detailed farm models.
This linking of farm-level and economywide models is an extension of the DCGE
model beyond what is used in earlier case studies in this volume. The Malawi model
is an ideal tool for capturing regional and intersectoral production linkages. However,
the output from each region is traded in national markets because of a lack of information on intranational trade flows in Malawi.
Finally, the DCGE model endogenously estimates the impact of alternative
growth paths on the incomes of various household groups. These household groups
include both farm and nonfarm households and are also disaggregated across the
nine regions and rural and urban areas. The rural farm households are further separated by land size into small-, medium- and large-scale farm households. The
income elasticities determining these household groups’ marginal budget shares are
estimated using the 2004–05 Integrated Household Survey (IHS2) (Malawi, NSO
2005) (see Table 9A.3 in the appendix to this chapter). Each household in the survey
is also linked to its corresponding representative household in the DCGE model.
This linkage takes place in the microsimulation module in which changes in representative households’ consumption and prices in the DCGE model are passed down
to their matching households in the survey, where total consumption expenditures
are recalculated. The revised level of per capita expenditure for each survey household is compared to the official poverty line, and standard poverty measures are
recalculated. Thus, poverty is measured in the same way as in official poverty estimates, and changes in poverty estimated by the DCGE model reflect differences in
household consumption patterns and income distribution captured in IHS2.
Baseline Growth Scenario

We first evaluate poverty reduction under Malawi’s current growth trends and patterns, which we call the “baseline” scenario. As mentioned above, Malawi experienced modest national growth and negative agricultural growth in 2000–06. If we
expand the period to 1990–2005, national GDP growth is still low at 2.8 percent
(Malawi, NSO 2007). However, agriculture’s growth rate over this longer period
was 4.6 percent per year. Considering that agricultural growth in Malawi is erratic
due to climate variability and that average growth rate has been particularly low
in recent years, we target a more modest agricultural growth rate in the baseline
scenario for agricultural GDP: 2.8 percent per year for 2005–15 (Table 9.2). We
therefore select the period prior to the new input subsidy program as the baseline,
so that the accelerated growth scenarios, which are reported later in this chapter, will
reflect in part the successes of this program. The changes in crop yields and land
area needed to support the baseline level of agricultural GDP growth are reported
in Table 9.3. The nonagricultural sectors are expected to maintain a similar growth
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Table 9.2—GDP growth rates in model scenarios (percent)
Annual growth rate
Share of gross domestic product
Sector

Total,
2004

Total gross domestic product
Agriculture
Cereals
Maize
Rice
Other cereals
Roots
Pulses and nuts
Pulses and oilseeds
Groundnuts
Horticulture
Vegetables
Fruits
Export crops
Tobacco
Cotton
Sugarcane
Tea
Other crops
Livestock
Poultry
Other livestock
Fisheries
Forestry
Manufacturing
Food processing
Beverages and tobacco
Textiles and clothing
Wood products
Other industry
Services

100.0
40.1
11.9
10.1
1.2
0.7
2.8
5.3
3.4
1.8
4.3
2.8
1.4
10.2
5.9
0.9
1.5
1.6
0.2
2.5
1.1
1.4
2.3
1.0
10.8
3.9
2.4
1.4
0.9
5.7
43.4

Agriculture,
2004

Baseline
scenario,
2004–15

Agriculture
scenario,
2004–15

3.24
2.77
2.53
2.57
2.42
2.18
2.41
2.48
2.38
2.67
2.70
2.62
2.85
3.09
2.89
3.33
3.28
3.48
3.37
3.50
3.64
3.38
3.12
2.42
3.20
3.40
2.34
3.05
3.53
3.23
3.66

4.78
5.99
6.35
6.67
4.67
4.11
4.51
5.05
4.70
5.68
5.02
4.79
5.46
7.00
7.32
7.40
6.27
6.25
6.93
6.29
6.29
6.30
4.99
4.71
3.73
4.40
2.48
3.10
4.35
3.09
4.03

100.0
29.7
25.1
2.9
1.7
6.9
13.1
8.6
4.5
10.6
7.1
3.5
25.3
14.7
2.3
3.8
4.0
0.6
6.1
2.8
3.4
5.6
2.5

Source: The Malawian dynamic computable general equilibrium model results.
Note: GDP = gross domestic product. Blank cells = not applicable.

performance to what was observed during 1990–2005. In other words, manufacturing and service sectors grow slightly faster than agriculture (3.2 and 3.7 percent,
respectively).
After accounting for changes in population, the DCGE model results show a
modest per capita GDP growth rate of 1 percent during 2005–15. Consistent with
this slow growth is a modest decline in poverty. The national poverty headcount

1.64
1.82
0.93
8.47

0.71
1.01

15.99
12.50

1.43
1.57
74.83
5.18
0.81

1.13
1.17
0.58
5.50

0.50
0.75

11.80
8.82

0.78
0.85
43.95
3.04
0.45

1.96
2.45
2.40
2.58
2.39

1.57
1.51

1.48
1.51

1.40
1.20
0.81
1.43

Baseline
scenario,
2004–15

5.66
5.79
4.96
4.97
5.51

2.80
3.22

3.34
2.77

3.47
4.10
4.30
4.00

Agriculture
scenario,
2004–15

104
53
944
50
7

252
637

245
155

1,733
50
59
1,798

Initial,
2004

217
113
1,832
97
14

405
1,083

381
264

2,994
79
89
2,729

Target,
2015

Level
(thousands
Levelof mt)
(thousands of mt)

3.19
3.68
3.63
3.81
3.63

2.77
2.98

2.49
2.70

2.68
2.59
2.47
2.46

Baseline
scenario,
2004–15

6.93
7.06
6.22
6.23
6.79

4.39
4.94

4.11
4.96

5.10
4.39
3.81
3.87

Agriculture
scenario,
2004–15

Growth rate
(percent)

Production quantity

4.4
2.1
0.7
0.5
0.5

0.7
2.4

16.2
6.8

50.4
1.4
3.3
10.7

Initial,
2004

4.4
2.1
0.7
0.5
0.5

0.7
2.4

15.8
6.8

50.8
1.4
3.5
10.5

Baseline
scenario,
2015

4.4
2.1
0.7
0.5
0.5

0.7
2.5

15.4
7.5

52.5
1.3
2.8
9.3

Agriculture
scenario,
2015

Share of total
(percent)

Harvested area

Source: Authors’ calculations using Malawi, MAFS (2007) and the Malawian dynamic computable general equilibrium model results.
Notes: Crop yields are imposed on the model, but production quantities and harvested land allocations are endogenous results from the model. mt = metric tons. mt / ha = metric
tons per hectare.

Cereals
Maize
Rice
Other cereals
Roots
Pulses and nuts
Pulses and oilseeds
Groundnuts
Horticulture
Vegetables
Fruits
Export crops
Tobacco
Cotton
Sugarcane
Tea
Other crops

Crop

Initial, Target,
2004
2015

Level (mt/ha)

Growth rate
(percent)

Crop yields

Table 9.3—National crop yields, harvested area, and production levels in model scenarios

254
SAMUEL BENIN ET AL.

MALAWI

255

Figure 9.2—National poverty headcount ratios in model scenarios
Percent
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Baseline scenario
CAADP scenario
MDG scenario
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Source: The Malawian dynamic computable general equilibrium model results.
Notes: Poverty line is MWK16,165 or US$115 per person per year. The poverty headcount ratio is the
proportion of the population with per capita consumption below the poverty line. CAADP: Comprehensive
Africa Agriculture Development Programme. MDG = Millennium Development Goal. MWK = Malawian
kwachas.

rate falls from 52.4 percent in 2004 to 47.0 percent by 2015 (Figure 9.2). Urban
poverty falls from 25.4 percent to 23.7 percent by 2015; rural poverty declines from
55.9 percent to 50.2 percent during the same period. Given such modest declines
in the poverty rate and the 2.2 percent annual growth in population, the absolute
number of poor people increases from 6.38 million in 2004 to 7.04 million by 2015.
The model results suggest that if Malawi had followed the same growth path that
had previously led to the food system crisis of the mid-2000s, then poverty reduction would indeed have been limited. This result underscores Malawi’s need to
accelerate growth and poverty reduction if the country is to come close to achieving
the first Millennium Development Goal (MDG) of halving poverty by 2015.
Accelerated Growth Scenarios
Impacts on National and Agricultural Growth

This section examines the potential contribution of different agricultural subsectors
to helping Malawi achieve more rapid overall agricultural and national economic
growth. More specifically, we consider what would be needed for Malawi to reach a 6
percent agricultural growth rate target—what we will call the “Agriculture” scenario
or CAADP scenario. Given the country’s land constraints and its recent successes

256

SAMUEL BENIN ET AL.

in improving the use of modern farm inputs, accelerated growth in the Agriculture
scenario is assumed to come from raising crop yields and livestock production efficiency. Potential crop yields are taken from field trials performed by Malawi’s
Agricultural Research and Extension Trust (Malawi, MAFS 2003) (Table 9.4).
These numbers suggest that there is great potential to further increase agricultural
production levels. However, even with the input subsidy program, it is unrealistic
to expect that potential yields will be realized nationwide over the next 10 years.
Therefore, we target more modest increases in crop yield increases by 2015 in the
Agriculture scenario (see Table 9.3).
The baseline scenario assumes that average yields for maize, to take one example, will remain fairly constant, at 1.13–1.31 metric tons per hectare (mt/ha), for
the next 10 years (see Table 9.3). The Agriculture scenario models a 3.5 percent per
year improvement in maize yields. Thus, national average maize yields reach 1.64
mt/ha by 2015. This value is well below the maximum potential yields identified
by field trials, indicating the potential for much higher growth in maize production
than is modeled here. Even though the Agriculture scenario is less optimistic than
field trials, recent trends in maize yields indicate that sustaining 1.6 mt/ha nationwide by 2015 poses considerable challenges. According to statistics from Malawi,
MAFS (2007), national maize yields using local seeds have averaged only 1.27 mt/
ha. Similarly, the data show that maize yields for local seed varieties were well below
the target maize yield during 1997–2006. With the exception of 2002 and 2005,
which were drought years, the yields from composite seeds have also fallen short of

Table 9.4—Comparison of potential yields and crop yields in model
scenarios (mt/ha)
Modeled crop yields

Crop
Maize
Beans
Soybeans
Groundnuts
Cassava
Cotton
Paprika
Burley tobacco

Initial,
2004

Baseline
scenario,
2015

Agriculture
scenario,
2015

MDG,
2015

Potential
yield

1.13
0.46
0.76
0.74
5.39
0.84
0.29
0.78

1.31
0.54
0.90
0.88
6.30
1.10
0.38
0.97

1.64
0.66
1.09
1.01
8.30
1.57
0.53
1.43

1.85
0.75
1.24
1.15
9.28
1.93
0.70
1.75

5.00
2.50
2.25
2.50
10.0
2.50
1.30
1.80

Sources: Malawi, MAFS (2003) and the Malawian dynamic computable general equilibrium model results.
Notes: Potential yields are based on field trial experiments by the Agricultural Research and Extension Trust. MDG =
Millennium Development Goal. mt / ha = metric tons per hectare.
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the target yield. Thus, the government would not only have to improve the distribution of hybrid and composite seeds but also improve current farming practices and
the distribution of other inputs if it is to help farmers reach yield potentials by 2015.
For these reasons, 1.64 mt/ha is considered a reasonable, albeit still challenging,
maize yield target for the Agriculture scenario.
Agriculture’s current poor performance means that achieving the 6 percent
annual agricultural growth target poses a substantial challenge. Malawi would need
first to double its 1990–2006 agricultural growth rate and then sustain this rate of
growth over a 10-year period. However, modeling results indicate that, given its crop
yield and agricultural productivity potentials, Malawi could achieve an average
agricultural growth rate of 6 percent during 2005–15. Because agriculture forms
such a large part of the Malawian economy, this acceleration in agricultural growth
would significantly increase the national GDP growth rate from its current 3.2
percent to 4.8 percent per year. Faster agricultural growth will also stimulate additional growth in the nonagricultural sectors, both by increasing final demand for
nonagricultural goods and by lowering input prices and fostering downstream processing. For instance, in the Agriculture scenario, the GDP growth rate in the foodprocessing sector increases from 3.4 to 4.4 percent per year. Expanding agriculture
also generates additional demand for chemicals and transport services, which further
stimulates manufacturing and service sector growth. Accelerating agricultural
growth therefore has strong growth-linkage effects for the whole economy.
Impacts on Household Income and Poverty

The acceleration of the agricultural growth rate to 6 percent per year and the spillover effects into nonagriculture cause poverty to decline by a further 12.5 percentage
points. This result is shown in Figure 9.1, where the share of Malawi’s population
below the poverty line is 34.5 percent by 2015 in the Agriculture scenario compared
to 47.0 percent in the baseline. Thus, taking population growth into account,
achieving the target of a 6 percent agricultural growth rate lifts an additional 1.88
million people above the poverty line by 2015. This would be sufficient to substantially reduce the absolute number of poor people in Malawi by 2015. Food security
would also improve, with annual average per capita cereal consumption rising from
153.5 to 176.7 kilograms by 2015.
Faster agricultural growth would benefit most households, although rural
households benefit more than urban households in terms of increases in per capita
real income. Table 9.5 shows that per capita income of rural households grows by
2.0 percent annually in the Agriculture scenario and by 1.2 percent for urban households. However, in rural areas, the large-scale farmer group benefits the most, as this
group’s per capita income grows at 2.5 percent per year. In contrast, the income
growth rate for the small-scale farmer group is 2.0 percent. This difference is con-

17,395
69,582
54,717
82,891
10,678
11,566
11,881
12,748
7,045
8,610
6,575
10,569
6,156
5,450
9,185
47,749
44,014

0.73
0.22
0.52
–0.02
0.81
0.93
0.98
0.90
1.01
0.87
0.84
0.81
0.89
0.80
0.82
1.16
–0.01

Baseline
scenario,
2015
1.84
1.22
1.57
0.95
2.01
2.12
2.44
2.22
2.33
2.12
2.10
1.96
2.17
2.04
2.08
2.46
0.87

Agriculture
scenario,
2015

Annual growth
(percent)

Source: The Malawian dynamic computable general equilibrium model results.
Note: MWK = Malawian kwachas.

National
Urban
Farm
Nonfarm
Rural farm
Karonga
Mzuzu
Kasungu
Salima
Lilongwe
Machinga
Blantyre
Ngabu
Small farms
Medium farms
Large farms
Rural nonfarm

Region

Per capita
income
(thousands
of MWK),
2004
1.11
1.00
1.05
0.97
1.20
1.20
1.47
1.32
1.32
1.24
1.26
1.15
1.28
1.24
1.26
1.30
0.88

Change
(percentage
points),
2004–15

Table 9.5—Household incomes and poverty in model scenarios

52.4
25.4
30.0
21.2
55.9
62.8
55.0
43.0
56.3
47.0
67.7
61.4
70.6
61.0
55.6
30.6
37.5

Initial
poverty rate
(percent),
2004
47.0
23.7
26.1
21.7
50.2
55.4
49.1
35.2
47.4
41.4
63.2
56.1
64.9
56.1
49.2
23.7
38.1
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scenario,
2015
34.5
17.7
20.6
15.3
36.8
41.9
33.8
12.0
32.5
28.3
50.2
43.1
48.8
42.4
35.0
14.5
33.5
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scenario,
2015

Final poverty rate
(percent)

–12.5
–6.0
–5.5
–6.4
–13.4
–13.4
–15.4
–15.2
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–13.2
–13.0
–12.9
–16.1
–13.8
–14.1
–9.2
–4.6

Change
(percentage
points),
2004–15
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sistent with estimated changes in poverty. Although the percentage point decline in
the poverty rate is low for the large-scale farmer group (the group with the lowest
initial poverty rate), the speed of poverty reduction is actually fastest for this group.
Again, in contrast, the decline in poverty is slowest for smallholders relative to other
farmers: 42 percent of small-scale farmers remain poor in 2015.
As discussed earlier in this chapter, higher value crops are typically grown by
large-scale farmers in Malawi, which explains why large-scale farmers’ incomes rise the
most. This trend is evident in Figure 9.3, which shows the contributions of growth in
different subsectors to changes in the value of production for different farm types. To
measure these contributions we designed a series of scenarios in which additional
growth in the Agriculture scenario only applied to a single agricultural subsector. For
example, in the maize-led growth scenario, additional yield growth occurs only for
maize while growth in the other sectors is the same as in the baseline.
Figure 9.3 highlights the importance of export-crop-led growth in determining
production growth for certain regional farm types. For example, Salima benefits
most from more rapid growth in sugarcane; Blantyre and Ngabu benefit most from

Figure 9.3—Sources of additional production growth by farm household group
Percent
Forestry
Fisheries
Livestock
Other cereals
Tobacco

6
5
4

Horticulture
Pulses
Other export crops
Roots
Maize

3
2
1
0

Source: The Malawian dynamic computable general equilibrium model results.
Notes: Figure shows real production growth over and above baseline scenario growth. The sector
indicated is the one driving growth in the scenario.
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expanding tea and cotton production; and Lilongwe, Kasungu, and Mzuzu benefit
most from faster tobacco growth. Taken together, these findings indicate that
increases in export crops could generate the same additional agricultural production
as maize-led growth, at least at the national level.
The figure also indicates that the sources of additional production vary across
farm types. Not surprisingly, farmers who already depend heavily on maize tend to
benefit more from maize-led growth. Such benefit comes from not only productivity
gains in maize production but also from additional growth in other crops because
of the reallocation of cropland. When maize production increases, prices for maize
may fall as increased incomes for maize growers are spent on consumption of other
products. In response to changes in relative prices, farmers may allocate less land
to maize and grow more of other crops. The DCGE model captures both direct
and indirect effects when assessing the effects of improved yields in different
subsectors.
The model also takes into account potential competition for limited agricultural resources. For example, farmers in Salima and Ngabu (Shire Valley) appear to
be hurt by tobacco-led growth (Figure 9.4). However, this decline in production for
nontobacco-producing regions reflects the shift in nationally mobile resources (that
is, unskilled labor and agricultural capital) to the production of export crops. The
model captures how the increased growth potential for tobacco causes farm labor
and capital to shift to the production of export crops on large-scale farms, causing
declines in production by other farm types. However, these resource reallocations
or indirect effects from export-crop-led growth are relatively small. Overall, the
model indicates that rural and small-scale farms would benefit greatly from faster
agricultural growth.
Figure 9.4 shows that rising incomes for rural farm households in Mzuzu and
Kasungu are driven by growth in tobacco, with almost three-quarters of additional
incomes being generated by this crop alone. In contrast, households in Salima
benefit more from expanded sugarcane production. This is not surprising, given the
current concentration of Malawi’s sugarcane production among large-scale farmers
in this region.
Decomposing Agriculture’s Impacts on Poverty

The discussion above highlighted the potential contributions of agricultural subsectors to accelerating agricultural growth and poverty reduction. However, the
different sizes of these subsectors make it difficult to compare the effectiveness of
sectoral growth in reducing poverty. Understanding how poverty–growth linkages
vary at the subsector and household levels is important for designing pro-poor
growth strategies. In this section, we calculate poverty–growth elasticities that allow
us to compare the pro-poorness of growth in alternative subsectors. More specifi-
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Figure 9.4—Sources of additional per capita income growth by household
group
Percent
Forestry
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Other cereals
Tobacco
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2.0

Horticulture
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Roots
Maize
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1.0
0.5
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Rural nonfarm
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Kasungu

Mzuzu

Karonga
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Urban nonfarm

Urban farm

Urban

⫺0.5

National

0.0

Source: The Malawian dynamic computable general equilibrium model results.
Notes: Figure shows income growth over and above baseline scenario growth. The sector indicated is
the one driving growth in the scenario.

cally, the elasticity measures the percentage change in the poverty rate caused by a
1 percent increase in agricultural GDP per capita.
Table 9.6 shows the calculated poverty–growth elasticities in the different subsector growth scenarios. The results indicate that agricultural growth driven by
maize, pulses (particularly groundnuts), and horticulture is more effective at reducing poverty than growth in export crops.2 For example, a 1 percent increase in maize
GDP causes the national poverty headcount rate to decline by 0.74 percent, whereas
a similar degree of growth in export crops, such as tea and sugarcane, causes the
poverty rate to decline by only 0.57 percent. This result emphasizes the importance
of maize for poor households in Malawi, both as a source of income and as an item
in households’ consumption baskets. Although root crops are less effective at reducing the incidence of poverty, they are somewhat more effective at reducing the
severity of poverty among Malawi’s poorest households, as reflected in the crop’s
relatively large poverty gap (depth) and squared-gap (severity) elasticities.
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Table 9.6—National poverty–growth elasticities in model scenarios
Elasticity
Sector driving growth
Maize
Other cereals
Roots
Pulses
Horticulture
Tobacco
Other export crops
Livestock
Fisheries
Forestry

Poverty
headcount ratio

Poverty gap

Squared
poverty gap

–0.742
–0.430
–0.621
–0.778
–0.854
–0.621
–0.572
–0.335
–0.512
–0.437

–1.173
–0.672
–1.048
–1.237
–1.360
–0.855
–0.836
–0.515
–0.846
–0.715

–1.474
–0.833
–1.312
–1.514
–1.694
–1.009
–1.051
–0.637
–1.078
–0.891

Source: The Malawian dynamic computable general equilibrium model results.
Notes: The poverty headcount ratio is the proportion of the population with per capita consumption below the poverty line. The poverty gap is the extent, measured as a proportion of the poverty line, to which a given group of poor people’s consumption level falls below the poverty line.
The squared poverty gap is the average of the squared values of the poverty gaps for different
groups of poor people.

An alternative representation of poverty–growth linkages is shown in Figure
9.5, which compares each subsector scenario’s contribution to agricultural growth
and poverty reduction. The higher than average poverty–growth elasticities of
growth led by maize, pulses, and horticulture can be seen in the enhanced contributions of these sectors to poverty reduction compared to growth in the Agriculture
scenario. However, Malawian policymakers should not overly rely on poverty–
growth elasticities when designing the country’s growth strategy, because having a
high elasticity can be meaningless if a sector has poor growth prospects. Thus, even
though tobacco has a lower poverty–growth elasticity than does horticulture, the
rapid growth potential of both sectors means that they account for a similar share
of overall poverty reduction in the Agriculture scenario. Conversely, a growth strategy should not overly rely on sectors with the potential for high growth without
accounting for their potential contributions to the national economy. For example,
the small size of the pulse and nut sectors means that even though they have higher
poverty–growth elasticities than maize, the small sizes of the sectors will limit their
ability to substantially raise national agricultural GDP. A diversified agricultural
strategy is clearly warranted in Malawi.
The importance of agriculture for overall growth is not only due to its large
share of the economy but also because of its linkages to the nonagricultural sector.
For example, increasing maize production stimulates growth in food processing
while also reducing food prices and increasing real incomes, which are then spent
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Figure 9.5—Share of additional growth and poverty reduction under the
Agriculture scenario
Percent
35

Growth
Poverty reduction

30
25
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15
10

Forestry

Fisheries

Livestock

Other export crops

Tobacco

Horticulture

Pulses

Roots

Other cereals

0

Maize

5

Source: The Malawian dynamic computable general equilibrium model results.
Notes: Figure shows additional growth over and above baseline scenario growth. The sector indicated
is the one driving growth in the scenario.

on nonagricultural commodities. We explicitly measure this linkage effect in Table
9.7. In the maize-led growth scenario, total GDP increases by 12.8 billion Malawian
kwachas (MWK12.8 billion), and agricultural GDP increases by MWK11.5 billion.
Thus, for every one MWK1.00 increase in agricultural GDP led by maize growth,
there is an additional MWK0.11 increase in nonagricultural GDP (that is, a multiplier of 1.11). Comparison of these ratios across model scenarios suggests that even
through fisheries-led growth contributes less to agricultural growth in the Agriculture
scenario (see Figure 9.5), it is more effective at stimulating nonagricultural growth
than is export-crop-led growth. This is because the latter has weaker economywide
growth linkages, reflecting the fact that most export crops are exported directly as
raw agricultural materials rather than contributing to downstream production.
Price Effects and Marketing Constraints

As a landlocked country, export opportunities are few for many of Malawi’s agricultural products. Price effects and demand constraints must therefore be taken into
account when developing growth strategies for the country. Domestic prices are
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Table 9.7—Agriculture’s economywide growth-linkage effect

Sector driving
growth
Maize
Other cereals
Roots
Pulses
Horticulture
Tobacco
Other exports
Livestock
Fisheries
Forestry

Sectoral growth rate
(percent)

Additional GDP relative
to baseline
(2004 MWK million)

Sector’s
initial GDP
(2004 MWK
million),
2004

Baseline
scenario,
2005–15

Sector
scenario,
2005–15

Total GDP
2015
(1)

Agricultural
GDP 2015
(2)

Growth
multiplier
(1)/(2)

18,273
3,394
5,064
9,564
7,717
10,686
7,765
4,466
4,096
1,847

2.57
2.33
2.41
2.48
2.70
2.89
3.37
3.50
3.12
2.42

6.95
4.30
4.03
4.78
6.96
8.65
7.74
6.13
4.21
8.03

12,819
1,540
3,036
6,165
4,915
7,133
3,421
1,649
904
1,188

11,539
867
2,392
4,888
4,196
6,765
3,218
1,629
778
1,144

1.11
1.78
1.27
1.26
1.17
1.05
1.06
1.01
1.16
1.04

Source: The Malawian dynamic computable general equilibrium model results.
Notes: GDP = gross domestic product. MWK = Malawian kwachas.

endogenous variables in a model, which allows us to compare relative price changes
in different scenarios. We report prices for selected agricultural products in Figure
9.6 to show the importance of accounting for demand constraints.
Even though maize is Malawi’s most important staple food, its income elasticity
is only 0.6 in rural areas. Root crops have the next lowest elasticity: 0.7 in rural areas
(see Table 9A.3 in the appendix). Thus, given a 1 percent increase in household
income, an average Malawian rural household increases maize consumption by 0.6
percent and root crops consumption by 0.7 percent. Moreover, given that maize is
mainly consumed directly as food, it usually has weak linkages to downstream foodprocessing and animal-feed sectors. Accordingly, maize and root crops face stringent
demand constraints when their production increases too rapidly, and without government price supports, their prices would start to decline. Although a modest
decline in prices might help poor households in urban areas and net buyers in rural
areas, if prices fall too much, then the income gains to the maize and root crop
farmers can be significantly reduced. In contrast, groundnuts have a higher income
elasticity (1.18) and stronger linkages to food processing. Thus, groundnut prices
fall by less than those of maize or root crops. Finally, the much higher income elasticities of poultry and other livestock (1.32 and 1.48, respectively) mean that
demand for these commodities grows more rapidly than incomes do, thereby preventing prices from falling very much in the Agriculture scenario.
Overall, the DCGE modeling analysis shows that many factors affect growth
options and the prioritization of subsectors in an agricultural strategy. Our analysis
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Figure 9.6—Relative producer price changes in the Agriculture scenario
Commodity price index (2004 ⫽ 1)
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Source: The Malawian dynamic computable general equilibrium model results.
Note: Figure shows real price changes relative to baseline prices.

emphasizes the following factors: poverty–growth elasticities, sectoral growth potentials, subsectors’ sizes in the economy, and economywide linkage effects. Taking all
factors into account, our analysis suggests that the highest priority should still be
given to improving maize yields, but that pulses and horticultural crops are also
possible sources of diversified growth.
Meeting the First MDG of Halving Poverty by 2015

Although achieving a 6 percent agricultural growth rate significantly reduces poverty, it is insufficient for Malawi to achieve the first MDG. As indicated in Table
9.4, crop yields in the Agriculture scenario remain below the potential yields identified by research field trials. This gap indicates further growth potential in agriculture
beyond what we have modeled. Also, because of the market constraint discussed
above, without growth in the nonagricultural economy, rapid agricultural growth
will become unsustainable as incomes fail to keep pace with increased food supply.
Thus, in the final MDG scenario, we accelerate growth in the nonagricultural sectors as well as targeting higher crop yields (see Table 9.4).
A more detailed investigation of nonagriculture’s growth potential is required.
However, the model results indicate that agriculture and nonagriculture would have
to grow at 6.9 and 7.6 percent per year, respectively, if Malawi is to achieve the first
MDG. This is equivalent to a total GDP growth rate of 7.4 percent per year, which
causes the national poverty rate to fall to 25.2 percent by 2015. This rate is less than
half the poverty rate for 1991 (54.0 percent). However, poverty would still remain
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high among certain household groups, especially in rural areas. For instance, twofifths of the population living in the rural regions of Machinga, Blantyre, and Ngabu
remain poor even in our MDG scenario. Thus, by 2015, more than half of Malawi’s
poor population will be living in these three southern regions. In contrast, poverty
among urban households declines to 11.4 percent, and poverty in the Kasungu
region is projected to fall by three-quarters (due primarily to faster tobacco growth).
These data highlight the importance of increasing investments in the agricultural
sector as well as targeting pro-poor interventions.
Agricultural Investment Analysis
Public Spending in Agriculture Required to Accelerate Growth

Malawi is one of a few African countries where the government currently allocates
more than 5 percent of its budgetary resources to the agricultural sector (AU 2006).
However, the current allocation is insufficient to maintain agricultural growth at a
rate of 6 percent per year or higher. To promote general agricultural growth and poverty reduction in Malawi, the Government of Malawi and its development partners
have implemented more than 150 agricultural development programs since 2000,
and the government planned to spend MWK634.7 billion more between 2006/07
and 2010/11 for overall economic growth and development (Malawi, MDPC
2006). About 13.5 percent of these resources have been earmarked for priority
areas covering agriculture and food security, irrigation, transport infrastructure, and
integrated rural development. Although these interventions and investments may
provide a better foundation for achieving higher agricultural growth, it remains
unclear whether the planned investments will be sufficient to meet the country’s
growth and poverty-reduction targets. To assess the resource requirements, detailed
information on especially the growth and poverty-reduction rates of return to such
types of public investment is needed. These do not existent for Malawi, however.
Thus, we use results from several studies and apply the methodology presented in
both Chapter 2 and the Ghana case study (see Chapter 6) to assess the aggregate
public agricultural expenditure (PAE) required to achieve an annual agricultural
growth rate of 6 percent over the next 10 years and to achieve the first MDG.
Empirical evidence on the elasticity of agricultural productivity with respect to
public agricultural spending in Africa shows a range of 0.08–0.38, with the elasticities being higher for development spending (for example, research and extension)
compared to total spending (Thirtle, Lin, and Piesse 2003; Benin et al. 2008; Fan,
Yu, and Saurkar 2008; Fan and Zhang 2008). These elasticities are comparable to
those estimated for the Asia region or some specific countries, which range from
0.09 to 0.46 (Thirtle, Lin, and Piesse 2003; Fan and Zhang 2004; Fan, Yu, and
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Saurkar 2008). Thus, we use a range of elasticities from the African context to represent the situation in Malawi. As the results of our investment analysis are quite
sensitive to the elasticity values, we use 0.15 and 0.30 to represent a lower and upper
bound (that is, a less or more optimistic public spending efficiency scenario, respectively). We do not separate the effect of public investment on the two different
sources of growth (that is, total factor productivity and factor accumulation). The
parameter values used in public investment simulations are summarized in Table
9A.4 in the appendix to this chapter.
Three cases are considered in estimating the required PAE underlying the
DCGE model scenarios. The first is a baseline scenario, in which PAE and public
nonagricultural expenditure (PNE) in 2004 constant prices continue to grow at
rates of 13.8 and 8.3, respectively, during 2005–15 (growth that is consistent with
trends during 1999–2005). Other factors (for example, interactions between types
of spending, crowding-out effects of public spending on private investments, and
nonspending factors affecting agricultural growth) also remain unchanged.
Consistent with the DCGE model, 2004 is the benchmark for the investment
analysis. Following the current spending patterns and growth trends, the share of
PAE in total expenditure rises from 7.0 percent to 9.2 percent in 2010 and to 11.5
percent in 2015 (Table 9.8), because PAE grows more rapidly than total spending.
This baseline is used to assess the additional resources required to reach the higher
agricultural growth rates in the Agriculture and MDG scenarios (6 percent per year
and 7 percent per year, respectively).
In the second case, accelerated agricultural growth will be supported by growth
in PAE only, with other factors remaining unchanged from the baseline. In the final
case, PNE also grows faster to match the higher growth rate required in nonagricultural GDP in the Agriculture scenario (3.9 percent) and MDG scenario (7.6
percent). This has an effect on agricultural growth, and we assume low-end and highend elasticity values of 0.15 and 0.25, respectively.3 Accelerated growth in both
PAE and PNE is likely to have implications for other factors, such as the crowdingout effects of public spending on private investments, which would, in turn, affect the
growth in public spending. We assume that these other factors remain unchanged
from the baseline scenario and are already reflected in the estimated elasticities.
To reach the 6 percent agricultural growth rate target—when accelerated agricultural growth is supported only by increased agricultural spending—requires PAE
to grow at 24.4 percent per year with the high elasticity and 35.1 percent with the
low elasticity. Assuming that PNE continues to grow as in the baseline, then the total
government budget is estimated to grow at 10.6 percent and 14.2 percent, respectively, for these limits on elasticities. Because agricultural spending expands more
rapidly than total spending, the share of agricultural spending in total expenditure
rises to 14.8–22.2 percent in 2010 and 25.8–46.4 percent in 2015 (see Table 9.8).
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Including effects of faster PNE growth

Sources: Authors’ investment analysis results based on their literature review of elasticities; data from Malawi, NSO (2007) and IFPRI (2010); and the Malawian dynamic computable
general equilibrium model results.
Notes: GDP = gross domestic product. MDG = Millennium Development Goal. PAE = public agricultural expenditure. PNE = public nonagricultural expenditure. Blank cells = not
applicable.

Real annual growth rate (percent)
Total public expenditure
Agriculture
Nonagriculture
Government expenditure share (percent)
PAE/total expenditure
2004
2010
2015
PAE/agricultural GDP
2004
2010
2015
PNE/nonagricultural GDP
2004
2010
2015
Total expenditure/total GDP
2004
2010
2015

Indicator

Agriculture scenario

Agricultural growth from PAE growth only

Table 9.8—Estimated government resource allocation in the investment analysis (percent)
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When we take the effect of accelerated growth in PNE into account, the share of
agricultural spending in total expenditure reaches 24.7–44.8 percent by 2015.
These results confirm the importance of Malawi’s allocating at least 10 percent
of the government’s total budget to agriculture in accordance with the Maputo
Declaration on agriculture and food security (AU 2006). In fact, the results suggest
that even in a more efficient spending scenario (that is, high elasticities), the government will need to allocate at least 25 percent of its total budget to agriculture by
2015 to achieve a 6 percent agricultural growth rate. Considering the 2006–11
period, the total resource envelope proposed in the Malawi Growth and Development
Strategy (MGDS) (Malawi, MDPC 2006) seems to be in line with this requirement.
However, nearly 51 percent of the total budget is earmarked for the development
of the Shire–Zambezi Waterway. It is not clear how much of this money will be
spent on the agriculture sector, which includes crops, livestock, forestry, and fishery.
In contrast, direct public spending on agriculture and food security, irrigation and
water, and integrated rural development represents only 4.3 percent of the total
resource envelope in the MGDS.
The DCGE model results estimate that reaching the 6 percent agricultural
growth rate target will significantly improve poverty outcomes. However, even in
this accelerated growth scenario, Malawi will not be able to achieve the first MDG.
Without complementary accelerated growth in the nonagricultural sectors, the
binding demand or market constraints for agricultural outputs will prevent agricultural growth from translating into higher household incomes. Halving poverty by
2015 will require a doubling of the growth rate in the nonagricultural sectors (from
3.5 to 7.6 percent) and a higher annual growth rate in agricultural GDP (6.9 percent, which is more than double the baseline case of 2.8 percent). Assuming that
agricultural growth is driven by growth in PAE only, government spending would
have to grow by at least 24.1–37.2 percent annually (assuming a high and low
elasticity, respectively) to support such high growth rates. Achieving the first MDG
is not only a resource mobilization constraint for the government of Malawi but is
also a challenge requiring improved efficiency of allocating and investing large
amounts of resources.
Identifying Investment Priorities

Estimating the total public resources needed to reach particular agricultural growth
targets is important, but prioritizing investments is equally important. Because of a
lack of historical data on specific investment programs and related outputs and
outcomes, this study is unable to analyze specific investment priorities based on their
potential agricultural growth and poverty-reduction rates of returns. However, we
use results from other studies in an attempt to offer a guide to key investments that
could help promote agricultural growth and rural poverty reduction. The evidence
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on the effect of different types of public spending on agricultural production and
productivity in Africa and elsewhere, for example, shows that development expenditure (for example, spending on research and extension) has more favorable returns
compared with other types of expenditure, whose effect may even be negative.
Therefore, spending that is growth enhancing and pro-poor will be important.
Similarly, spending that generates greater net positive interactions with other types
of spending and greater net crowding-in effects on private investments will also be
important.
The Government of Malawi’s input subsidy program, for example, has been
successful in raising agricultural production with strong poverty-alleviation implications, as Malawi experienced record-high maize harvests in successive years following introduction of the program. In 2007, the government spent 6.5 percent of its
budget on subsidizing fertilizer packs to allow low-income farmers to purchase 50kilogram sacks of fertilizer at MWK950 rather than the market price of MWK4,500.
This input, along with good rains, helped raise the average maize yield from 0.8 to
2.0 mt/ha (Malawi, MAFS 2007). To sustain these outcomes, which are dependent
on favorable weather conditions, it is crucial to broaden the portfolio to include
long-term growth-enhancing public agricultural and rural investments.
A key investment area in agriculture is the support of technology generation
and dissemination by means of agricultural research and development (R&D) and
extension. Research on Uganda confirms that investment in agricultural R&D offers
the greatest potential for enhancing productivity and reducing poverty (Fan and
Zhang 2008). Similarly, Thirtle, Lin, and Piesse (2003) showed that for every 1
percent increase in yield brought about by investments in agricultural R&D, two
million Africans can be lifted out of poverty. However, agricultural R&D spending
in Malawi has been erratic and declining (Figure 9.7); this trend must be reversed.
The current allocation is at the level of the African average of 0.5–0.6 percent, which
is below the 1 percent recommended by the World Bank.
Irrigation is another key investment area that should be considered by Malawi’s
government. The impacts of irrigation are well known, and it is widely maintained
that the success of the Asian Green Revolution in the 1960s and 1970s was built on
the rapid expansion of irrigated areas (Spencer 1994). Malawi has an irrigation
potential of about 162,000 hectares, but only a little more than 2 percent of total
arable land is presently under irrigation (FAO 2010). Nevertheless, the Government
of Malawi has recognized that irrigation and water development are key to the
country’s future because of their direct linkages with agriculture and energy. It is
hoped that irrigation will help reduce overdependence on rainfed agriculture, and
proper conservation of water will also contribute toward the generation of electricity.
The government’s key plans under the MGDS for 2006–11 (Malawi, MDPC 2006)
included construction and promotion of small- and medium-scale irrigation schemes
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Figure 9.7—Government agricultural research and development expenditure in
Malawi, 1975–2001
Share of total public spending (percent)
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Source: Authors’ calculations using IFPRI (2007, 2010) and Malawi, MAFS (2007).
Note: MWK = Malawian kwachas.

to enhance food and cash crop production. To this end, the government earmarked
about 1.2 percent of its total budgetary resources for irrigation and water development and planned to rehabilitate existing schemes and develop new ones for a
projected irrigated area of 16,000 hectares by 2011. Whether this allocation is sufficient to reach the set target is uncertain.
Empirical evidence also shows that government spending on broad infrastructure development contributes significantly to agricultural growth. In fact, investment in infrastructure, especially road development, is often ranked among the top
two public spending sources of overall growth and poverty reduction (see Fan 2008;
Fan, Mogues, and Benin 2009). Studies on several African countries as diverse as
Ethiopia, Ghana, Uganda, and Zambia emphasize the importance of rural roads for
increasing smallholder access to agricultural inputs and product markets. Roads
enable farmers to participate in higher value-added market chains, which in turn
significantly contributes to poverty reduction (Thurlow and Wobst 2004; Diao and
Nin-Pratt 2005).
It is recognized that the inadequacy of the country’s current transportation
infrastructure results in high costs of production: transportation represents about
55 percent of costs, compared with 17 percent in other developing countries
(Malawi, MDPC 2006). With its current road density of 161 kilometers per 1,000
square kilometers, Malawi is ranked 16th in Sub-Saharan Africa (IRF 2007).
Government spending on transport and communications in Malawi has only
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Figure 9.8—Government transport and communications expenditure in Malawi,
1975–2007
Share of total public spending (percent)
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recently started to improve, following a decline in the late 1990s (Figure 9.8).
Investments in rural feeder roads, in particular, can have large poverty-reduction
effects per unit of investment, as Fan and Zhang (2008) show in the case of Uganda.
In Uganda, the marginal return to public spending on feeder roads, measured by
the increase in poverty reduction and agricultural output, is three to four times larger
than the return to public spending on murram and tarmac roads. Under the MGDS,
the Malawian government planned to spend MWK7.6 billion during 2006–11 to
improve the road network through including routine and periodic maintenance and
rehabilitation, among other measures. Although this amount is unlikely to substantially improve road density, road conditions will probably improve, with a target of
71 percent of the road network being in good condition, 18 percent in fair condition, and only 11 percent in poor condition.
Conclusions

Malawi has the potential to improve crop yields and shift to an intensification-based
growth strategy in its agricultural sector. Reaching and sustaining an annual agricultural growth rate of 6 percent requires yield improvements that are well below
the potentials identified through field trials. Faster agricultural growth would stimulate growth outside agriculture, and it would reduce Malawi’s poverty headcount
rate to 34.5 percent by 2015. Most households are expected to benefit, although
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some households in regions growing high-value export-oriented crops, such as
tobacco and cotton, would stand to gain more than would households in other parts
of the country. Moreover, poverty among households in the southern regions would
remain high, even with faster agricultural growth. Finally, rural households will
benefit more than urban households, mainly because of their greater dependence
on farm incomes. However, urban households should still benefit, because urban
agriculturalists farm 6 percent of agricultural land in Malawi, and agricultural commodities are an important part of urban consumption baskets.
We used the detailed structure of the Malawian DCGE model to compare the
effectiveness of growth driven by different subsectors in reducing poverty and
encouraging broader-based growth. Our results indicate that additional growth
driven by maize, pulses, and horticultural crops will have larger impacts on poverty
reduction than similar growth led by growth in export-oriented crops. This is
because yield improvements in the first three crops will not only directly benefit
households by increasing incomes from agricultural production, but also indirectly
benefit them by allowing farmers to diversify their land allocations to include
higher value crops. Foodcrops and fisheries also have strong growth linkages to
nonagricultural sectors, thereby stimulating broader economywide growth and
poverty reduction. However, the higher growth potential of export crops relative to
that of the nonmaize foodcrops means that export-led growth can still account for
a significant share of overall poverty reduction. However, the small initial size and
geographic concentration of certain crops, such as tea and sugarcane, means that
their potential contributions to national growth and poverty reduction will remain
limited, at least over the near term. Taken together, the characteristics of the various
subsectors highlight the importance of broader-based agricultural growth but suggest that priority should be given to maize, pulses, horticulture, and smallholder
export crops, such as tobacco and cotton.
Increasing agricultural growth to accelerate agricultural development in Malawi
will require both additional investment in the sector and improvements in the efficiency of public spending. The investment analysis indicates that government
spending on agriculture would have to grow by at least 20 percent per year to achieve
and sustain an annual agricultural growth rate of 6 percent. Thus, the government
will need to allocate almost one-quarter of its budget to agriculture by 2015. However, this spending scenario assumes that the government is able to invest with an
efficiency exceeding that of many Sub-Saharan African countries. If this condition
does not hold, then public spending on agriculture would have to grow at a much
higher rate to reach the growth target.
Malawi may have turned the corner on its food and agricultural crises of the
early 2000s. Maize production and food security have been greatly improved following the introduction of the new input subsidy program. This improvement
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provides an opportunity to diversify future agricultural growth to ensure that the
benefits of agricultural growth are more widely spread than current welfare surveys
suggest they are. Our analysis suggests that there are substantial welfare benefits to
be had from combining a maize intensification strategy with policies that encourage
a more diversified crop mix among smallholder farmers. A broader-based agricultural strategy is thus warranted. However, even with an annual agricultural growth
rate of 6 percent, it is unlikely that Malawi will manage to halve poverty by 2015
and achieve the first MDG. Thus, although agriculture should be afforded high
priority in Malawi’s future development strategies, there remains the longer term
need for economywide diversification into the nonfarm or nonagricultural sectors.
Appendix

Table 9A.1—Land and population distribution for rural farm households across regions

1.37
1.09

1.33
1.51

5.46
0.81

5.41
1.03

0.20

2,523
537
203
4.7
145.4
47.0
18.6
591
1.10
0.59
0.03
0.09
0.29
0.04
0.05
0.01

2,033
465
237
4.4
110.3
67.7
21.6
482
1.04
0.58
0.06
0.10
0.20
0.03
0.03
0.04

1,972
474
217
4.2
125.3
61.4
19.0
599
1.26
0.50
0.09
0.17
0.40
0.03
0.01
0.05

693
137
70
5.0
101.0
70.6
7.7
175
1.28
0.66
0.22
—
0.17
0.03

1.24
1.86
0.57
6.83
0.88

0.96
0.76
0.68
3.55
0.57

0.93
0.74
0.64
4.89
0.49

0.79
1.09
0.44

Ngabu

1.30
1.83
0.57
6.80
0.75

Salima
661
143
72
4.6
130.9
56.3
5.8
128
0.89
0.41
0.04
0.18
0.05
0.02

Blantyre

1.17
1.64
0.77
5.64

1,282
246
69
5.2
152.8
43.0
8.7
525
2.13
1.08
0.01
0.20
0.56
0.06
0.22
0.01

Machinga

1.14
1.11
0.49
5.28
0.66

0.04

814
163
44
5.0
132.0
55.0
7.0
295
1.80
0.80
0.06
0.36
0.34
0.07
0.17
0.01

Lilongwe

2,876
1.29
0.63
0.06
0.15
0.30
0.04
0.06
0.05

358
71
30
5.0
116.7
62.8
3.5
81
1.13
0.54
0.10
0.28
0.12
0.05

Kasungu

10,335
2,237
942
4.6
129.6
56.7

Mzuzu

Population (thousands)
Number of households
Small-scale (<0.75 ha)
Household size
Per capita expenditure (US$)
Poverty rate (percent)
Share of poor (percent)
Harvest area (thousand ha)
Average farmland (ha)
Maize
Other cereals
Roots
Pulses and nuts
Horticulture
Tobacco
Other export crops
Crop yields (mt/ha)
Maize
Rice
Sorghum and millet
Cassava
Groundnuts

Karonga

Indicator

All

Region

0.20

Source: Authors’ calculations using Malawi, NSO (2005, 2007).
Notes: Per capita expenditure is mean expenditure unadjusted for adult equivalence. The poverty rate is the proportion of the
population with per capita consumption below the poverty line. It is based on the national basic-needs poverty line (approximately MWK16,165 or US$115 per person per year). ha = hectare. mt/ha = metric tons per hectare. Blank cells = not applicable.
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Table 9A.2— Structure of the Malawian social accounting matrix
Agricultural sectors

Industrial sectors

Service sectors

Factors

Households

Regions

Maize; rice; other cereals (including sorghum and millet); root crops (including
cassava, sweet potatoes, and Irish potatoes); pulses and oilseeds (including mixed
beans and soybeans); groundnuts; vegetables; fruits; tobacco; cotton; sugarcane;
tea; other crops (including sunflower seeds and paprika); poultry; other livestock
(including cattle, goats, sheep, and pigs); fisheries; forestry
Mining; food processing; beverages and tobacco; textiles and clothing; wood and
paper products (including furniture); chemicals and rubber products; machinery,
equipment, and other manufacturing (including vehicles); construction; electricity
and water
Agricultural trade and transport services; nonagricultural trade and transport services;
hotels and catering; communication services; financial and business services; real
estate services; community and other private services; government administration;
health services; education services
Skilled labor (nonfarm); unskilled labor (nonfarm); agricultural capital; nonagricultural
capital; Within each rural region: elementary labor (farm and nonfarm); small-scale
farmland; medium-scale farmland; large-scale farmland; Within urban areas: urban
farmland
Within each rural region: Small-scale farms (<0.75 ha); medium-scale farms (0.75–3.0 ha);
large-scale and estate farms (>3 ha); rural nonfarm; Within urban areas: Lilongwe
nonfarm; other nonfarm; urban agriculturalists (all sizes)
Rural Karonga; rural Mzuzu; rural Kasungu; rural Salima; rural Lilongwe; rural
Machinga; rural Blantyre; rural Ngabu; urban areas

Source: Authors’ representation of Malawi’s economy.
Note: ha = hectare.

Table 9A.3—Household income elasticities in the Malawian dynamic
computable general equilibrium model
Sector
Maize
Rice
Other cereals
Root crops
Pulses and oilseeds
Groundnuts
Vegetables
Fruits
Other crops
Poultry
Other livestock
Fisheries

Rural

Urban

0.62
1.37
0.81
0.69
0.72
1.18
1.07
1.07
1.06
1.32
1.48
0.81

0.38
0.85
1.12
0.57
0.54
0.71
0.79
0.79
0.79
1.07
1.12
0.62

Source: Authors’ estimates using Malawi, NSO (2005).

Sector
Processed foods
Beverages and tobacco
Textiles and clothing
Wood and paper products
Chemical products
Machinery and equipment
Electricity and water
Trade and transport
Purchased ready-made food
Communication services
Financial services

Rural

Urban

1.26
1.28
1.11
1.03
1.06
1.06
1.05
1.45
0.93
1.61
0.79

0.87
1.01
0.98
1.16
1.12
1.12
1.12
1.61
1.02
1.78
0.99
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Table 9A.4—Values of parameters used in public investment simulations
Quantity, growth rate, and elasticity

Baseline value

Annual average agricultural GDP growth rate target, θ̂ag (Agriculture scenario)
Annual average agricultural GDP growth rate target, θ̂ag (MDG scenario)
GDP in base period (2004 MWK billion)
Agriculture, Qag
Nonagriculture, Qnag
Annual average growth rate in GDP in base scenario (percent)
Agriculture, Q̇ag
Nonagriculture, Q̇nag
Expenditure in base period in constant prices (2004 MWK billion)
Agriculture or PAE, Eag
Nonagriculture or PNE, Enag
Annual average growth rate in expenditures in base scenario (percent)
Agriculture, Ėag (growth due to PAE only)
Nonagriculture, Ėnag (including faster PNE growth)

6.0
6.9
72.9
108.6
2.8
3.5
4.2
55.4
13.8
8.3

Low
value

High
value

Elasticity of agricultural GDP with respect to PAE, εQE

0.15

0.30

Elasticity of agricultural GDP with respect to PNE, εQE

0.15

0.25

0.00

0.00

Elasticity
ag
nag

Elasticity of agricultural GDP with respect to interaction of PAE and PNE,

ΦQag,nag

Sources: Authors’ model specification and assumptions based on their literature review of elasticities; data from
IFPRI (2010) and Malawi, NSO (2007); and the Malawian dynamic computable general equilibrium model results.
Notes: GDP = gross domestic product. MWK = Malawian kwachas. PAE = public agricultural expenditure. PNE =
public nonagricultural expenditure.

Notes
1. These numbers are based on the 2005 Malawian social accounting matrix (SAM), described
later in the chapter.
2. The poverty–growth elasticity for livestock may be underestimated, because the model does
not capture the use of livestock to facilitate production in other agricultural subsectors (for example,
animal traction for land preparation). Instead, the model treats livestock solely as producers of final
products, such as meat and dairy products.
3. This range of values is moderate, based on the evidence reviewed in Chapter 4 on the elasticity of agricultural productivity with respect to PNE in developing countries, which ranges from 0.02
to 0.57.
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Chapter 10

Uganda
Samuel Benin, James Thurlow, Xinshen Diao,
Allen Kebba, and Nelson Ofwono

U

ganda is often heralded as an African success story. The country re-established
political stability after the civil wars following Idi Amin’s overthrow and
subsequently experienced strong economic growth during the 1990s. Gross
domestic product (GDP) grew rapidly at almost 4 percent annually in per capita
terms during 1993–2000 (Uganda, BOS 2008a). At least part of this rapid growth
was due to a program of economic reforms, although the implications of these
reforms were not universally positive (see, for example, Dijkstra and Van Donge
2001). Economic growth during the 1990s was also broadly based, with per capita
agricultural GDP rising by about 1.5 percent per year, driven by both food and
traditional export crops. Economywide growth greatly reduced poverty in both rural
and urban areas (Uganda, BOS 2008b). Moreover, poverty rates fell fast enough to
offset high population growth, and by 2000 there were almost three million fewer
people living below the poverty line than in 1993. Agricultural growth thus played a
key role during Uganda’s successful recovery period by fostering broad-based growth
and poverty reduction (Kappel, Lay, and Steiner 2005).
After 2000 there was a significant shift in the level and composition of growth.
Per capita GDP growth slowed to a little more than 2 percent per year, driven almost
entirely by a decline in agricultural production. Traditional export crops like coffee
were especially hurt by falling world prices (Bussolo et al. 2006). However, it was
falling foodcrop production that really undermined agricultural GDP—a situation
that improved only marginally during 2007–09 (Uganda, BOS 2010). Thus,
although the recovery of the 1990s was broadly based, so too was the subsequent
slowdown in economic growth. This slowdown caused a sharp deceleration in the
rate of poverty reduction during 2000–06 and an increase in rural–urban migration.
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Population growth exceeded poverty reduction between 2000 and 2006, and the
number of poor people increased by almost a million. Moreover, Uganda’s poverty–
growth elasticity fell from –1.8 during 1993–2006 to –0.6 during 2000–06 (see
Table 10A.1 in the appendix to this chapter). Thus, not only did the level of economic growth decline after 2000, but the stagnation of agriculture also limited the
ability of growth to reduce poverty.
The post-2000 slowdown marked the end of Uganda’s postconflict recovery
period and the onset of a more challenging period for structural transformation (see
Bahiigwa, Rigby, and Woodhouse 2005). Agricultural productivity has stagnated in
recent years, particularly for foodcrops, and the fueling of agricultural growth
through land expansion is increasingly unsustainable. However, low productivity
does not reflect poor agroclimatic conditions or a lack of growth potential. Rather,
it is a consequence of underinvestment in the agricultural sector (Benin et al. 2007;
Fan and Zhang 2008). Empirical studies of Uganda confirm that a range of policy
options exists that can significantly enhance agricultural productivity, including
rural education (Appleton and Balihuta 1996), rural infrastructure and market
access (Canagarajah, Newman, and Bhattamishra 2001; Fan and Zhang 2008),
agricultural research and extension (Fan and Zhang 2008), land management practices (Pender 2004; Pender et al. 2004), and crop and livestock disease control (see,
for example, Baffes 2006).
The need to improve agricultural policies and investment more heavily in the
sector is recognized by Uganda’s government. The country has in place two strategies
to accelerate agricultural growth, including the Plan for the Modernisation of
Agriculture (PMA) and the president’s Prosperity for All initiative (Uganda, MFPED
2008). Moreover, the government has committed itself to the Comprehensive Africa
Agriculture Development Programme (CAADP), which is an Africa-wide initiative
of the New Partnership for Africa’s Development (NEPAD). A key element of
CAADP is a commitment to increase agricultural growth to 6 percent per year by
allocating at least 10 percent of the budget to the agricultural sector. These targets
present an ambitious but unavoidable challenge for Uganda as it seeks to re-establish
the pro-poor growth achieved during the 1990s.
In this chapter we evaluate the potential contribution of alternative agricultural
growth paths in generating broadly based economic growth and poverty reduction
in Uganda. More specifically, we examine the opportunities and constraints to meeting the CAADP 6 percent agricultural growth target. We also estimate the cost of
public investments needed to accelerate agricultural growth. To this end, we develop
a recursive dynamic computable general equilibrium (DCGE) model of Uganda
based on the one described in Chapter 2 of this volume. The model integrates a
simple farm-modeling approach into the DCGE based on a detailed survey-based
farm typology.
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The chapter is structured as follows. We first review the structure of Uganda’s
agricultural sector as reflected in the farm typology. We then describe the structure
of the Ugandan DCGE model and the data used to calibrate it. The simulation
results are then discussed for the baseline growth scenario and various accelerated
agricultural growth scenarios. This is followed by an investment cost analysis. We
conclude the chapter by summarizing our findings.
Agriculture in Uganda

To construct a typology of the farmers making up Uganda’s agricultural sector, we
first disaggregate agricultural production across rural and urban areas. Information
on crop production was drawn from the 2005/06 Uganda National Household
Survey (UNHS3) (Uganda, BOS 2008a), which asked households how much of
their agricultural land was devoted to different crops. It also asked households about
their cattle assets. The farm typology is based on these cropping patterns and livestock endowments. The aim of the typology is to group farmers into major categories based on their agricultural activities, which mainly reflect agroecological,
technological, and marketing conditions. These initial conditions will be important
in determining the distributional and poverty implications of growth in different
agricultural subsectors.
According to the survey, 3.61 million rural households reported agricultural
crop incomes in 2005/06. This number is shown in the leftmost box of Figure 10.1,
which illustrates the general structure of the farm typology for all rural households
engaged in crop production. At this stage we exclude urban agriculturalists and
nonfarm households. We first separate out farm households that reported producing high-value export-oriented crops, such as coffee, cotton, tobacco, and tea. In
2005/06, 1.59 million farm households produced these export crops—almost half
of all rural farm households in Uganda.
Figure 10.1 shows that coffee is the dominant export crop, with 1.13 million
households allocating land to coffee production. We then further split farm households according to whether they produced maize. Although matoke is the key staple
foodcrop for most farmers, it is less effective than maize as a means of distinguishing
farm types. This can be seen in Table 10.1, which presents summary statistics for
the various farm types.
The table shows that, even though coffee farmers generally have larger than
average farm plots, farmers growing both coffee and maize (farm groups T1–2) tend
to have larger plots than coffee farmers without maize (T3–4) (2.69 hectares compared to 1.86 hectares). However, coffee farmers typically allocate similar amounts
of land to matoke (about 0.8 hectares), regardless of whether they grow maize. This
tendency is equally true of other farm types. More importantly, coffee and maize
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Figure 10.1—Farm typology structure for rural agricultural households
Maize
853,027

Cattle
532,240
No cattle
320,787

Farm types 1 and 2
(T1–2):
Coffee and maize

No maize
279,005

Cattle
190,503
No cattle
88,502

Farm types 3 and 4
(T3–4):
Coffee only

Maize
348,925

Cattle
218,981
No cattle
129,944

Farm types 5 and 6
(T5–6):
High-value crops
and maize

No maize
104,702

Cattle
71,744
No cattle
32,958

Farm types 7 and 8
(T7–8):
High-value crops only

Maize
1,394,509

Cattle
1,043,433
No cattle
351,076

Farm types 9 and 10
(T9–10):
Maize only

No maize
631,347

Cattle
483,488
No cattle
147,859

Farm types 11 and 12
(T11–12):
Other staples only

Coffee
1,132,032

High-value
crops
1,585,659

No coffee
453,627
Crop
producers
3,611,515

No high-value
crops
2,025,856

Source: Authors’ calculations using the 2005/06 Uganda National Household Survey (Uganda, BOS
2008a).
Note: Numbers in boxes are the number of households engaged in the noted farming activity.

production are key determinants of household incomes and poverty. Coffee farmers
typically have per capita incomes that are higher than average (about US$250 per
year) and lower poverty rates. Moreover, coffee and maize producers also have
significantly lower poverty rates than do coffee farmers who do not grow maize.
Thus, the sharp distinctions in cropping patterns and poverty rates among farm
types supports the choice of maize production as a criterion for separating out less
poor rural farm households.
Returning to farmers growing high-value crops, we focus next on noncoffee
producers (group T5–8 in Table 10.1). According to the survey, there were 0.45
million farmers who did not grow coffee but grew other export crops, such as cotton
and tobacco. These export-producing farmers have larger than average plot sizes.
However, again it was maize-growing farmers who have considerably larger farms
than those without maize. High-value crop farmers also devote a larger share of their

27,159
4,717
2,465
1,022
5.76
268
31.1
100.0
6,659
1.41
0.15
0.17
0.22
0.05
0.33
0.35
0.05
0.08

Population (thousands)
Number of households
With cattle
Without cattle
Household size
Per capita expenditure (US$)
Poverty rate (percent)
Share of poor (percent)
Harvest area (thousand ha)
Average farm land (ha)
Maize
Other cereals
Roots
Horticulture
Pulses and oilseeds
Matoke
Coffee
Other export crops
Crop yield (mt/ha)
Maize
Vegetables
Oilseeds
Matoke

4.51
638
4.9
0.8

1,405
311

Kampala
Nonfarm

1.40
5.06
0.45
5.11

1,501
229
173
55
6.56
377
19.7
3.5
311
1.36
0.18
0.11
0.29
0.05
0.33
0.25
0.07
0.07

Farm
(T13–14)

4.48
440
16.5
2.5

1,264
282

Nonfarm

7.62
0.35
5.54

0.23
0.09
0.31
0.83
0.23
0.08

0.42
0.13
0.46
0.82
0.24
0.13
1.73
4.11
0.62
5.31

1,555
252
172
80
6.18
249
27.5
5.1
467
1.86

5,467
769
480
289
7.11
247
23.2
15.0
2,068
2.69
0.36

Coffee
only
(T3–4)

5.87
0.31
5.45

0.71

0.59
1.44
7.18
0.38
4.56

0.39
0.19
0.04
0.46
0.15

541
94
65
30
5.73
200
42.1
2.7
184
1.95

Highvalue
only
(T7–8)

2,080
315
198
117
6.61
193
36.9
9.1
834
2.65
0.29
0.44
0.41
0.06
0.67
0.18

Highvalue
and
maize
(T5–6)

Farm type

0.95
6.53

1.69

7,543
1,258
941
317
6.00
220
35.9
32.0
2,020
1.61
0.25
0.21
0.28
0.05
0.45
0.37

Maize
only
(T9–10)

Rural areas

0.30
6.14

0.34
0.20
0.00
0.40
0.38

3,226
569
436
133
5.67
205
43.1
16.4
775
1.36

Other
staples
only
(T11–12)

4.05
261
42.6
13.0

2,577
637

Nonfarm

Source: Authors’ calculations using agricultural production data (Uganda, MAAIF 2006) and the 2005/06 Uganda National Household Survey (Uganda, BOS 2008a).
Notes: It is based on official rural and urban poverty lines of US$121 and US$136 per person per year, respectively. ha = hectare. mt/ha = metric tons per hectare. Blank cells = not
applicable.

1.65
5.99
0.60
5.76

National

Indicator

Other urban areas

Coffee
and
maize
(T1–2)

Table 10.1—Land, population, and income distributions across farm households
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land to nonmaize cereals, such as sorghum and millet, and to pulses and oilseeds.
Accordingly, their land allocations to matoke are lower than that of coffee farmers.
Poverty rates are higher among high-value farmers versus coffee-producing farmers, and Table 10.1 shows that high-value farmers growing maize are less likely to be
poor than farmers not growing maize. The typology therefore reveals that even though
coffee and export-crop farmers have similarly large farms, coffee appears to be a
major determinant of poverty among farm households.
Finally, we consider the 2 million farm households in Uganda not engaged in
export-crop production. Two-thirds of these farm households grow maize (T9–10),
whereas the rest are more reliant on other staple crops, such sorghum, millet, and
matoke (T11–12). Plot sizes for nonexport farmers are significantly smaller than
those of the other farm types, especially for producers of nonmaize staple crops,
whose farms average only 1.36 hectares. Despite having smaller farms, per capita
incomes and poverty rates for these farmers are similar to those of staple-oriented
and high-value farm types. This fact suggests a greater reliance on nonfarm income
sources for staple-oriented households. Again maize-producing households have
lower poverty rates than households that rely on other staple crops, although they
remain above the average poverty rate for all rural areas. Because of these high poverty rates and the large number of these farm types, almost half of Uganda’s poor
population falls into one of the nonexport farm household types.
Livestock is an important income source for many households (see Ellis and
Bahiigwa 2003). As shown in Table 10.1, about half of Ugandan households and
more than two-thirds of Ugandan farm households own cattle. The survey also
suggests that livestock ownership is a key determinant of poverty. Table 10.2 shows
average per capita expenditures for the various farm types, disaggregated according
to whether the households own cattle. Households with cattle have significantly
higher per capita expenditures and markedly lower poverty rates (20.7 percent for
households with cattle compared to 33.5 percent for those without). This relationship between livestock and welfare also exists for individual farm types, with the
exception of the “high-value only” group. Thus, over and above the crop-based
disaggregation of farm households discussed above, the typology also separates each
farm type into two subcategories according to whether the households own cattle.
Figure 10.1 shows only six broad rural farm household types, with two subtypes
in each, and does not include the urban households engaged in crop production,
which have long been an important part of the agricultural sector (see Maxwell
1995). As seen in Table 10.1, the urban agriculturalist farm type (with includes the
two subtypes T11–12) is an important part of the agricultural sector, comprising
about 229,000 households and 1.5 million individuals (about 5.5 percent of the
total population). Urban farm households tend to be larger than rural households
(6.2 individuals per household), although urban plot sizes are smaller than the

UGANDA

287

Table 10.2—Per capita expenditures by livestock ownership
Average annual per capita
expenditure (US$)
Region
National
Rural

Urban

Farm type

Type description

T1–2
T3–4
T5–6
T7–8
T9–10
T11–12
T13–14

All farm households
Coffee and maize
Coffee only
High-value crops and maize
High-value crops only
Maize only
Other staples only
Urban farm households

Average

With
cattle

Without
cattle

235
247
249
193
200
220
205
377

267
271
307
212
176
252
258
454

217
229
217
180
212
207
184
348

Source: Author’s calculations using the 2005/06 Uganda National Household Survey (Uganda, BOS 2008a).
Note: Cattle ownership refers to bovines only; per capita expenditure is the official consumption welfare measure.

national average (1.36 hectares). Only about 10 percent of urban agricultural land
is devoted to high-value crops, with most land allocated to noncereal foodcrops.
Urban farm households are more heavily engaged in off-farm activities, and hence
their per capita expenditures are well above the national average despite their smaller
farm sizes. As with rural households, urban farm households in the model are further
disaggregated according to whether they own cattle.
Uganda’s agricultural sector is therefore very diverse. It consists of both urban
and rural agriculturalists. Rural farmers engage in a wider range of crops, and this
crop choice has significant implications for their levels of income and poverty. Many
of the differences in cropping patterns across farmers are determined by prevailing
agroecological conditions and marketing or economic opportunities. Agricultural
growth driven by particular crops or subsectors will therefore affect different parts
of the economy and income distributions, depending on the population group (or
farm type) that they affect. In the next section we describe the DCGE model based
on the above farm (and nonfarm) typology, which we use to evaluate alternative
growth paths.
The Ugandan DCGE Model

The Ugandan DCGE model captures growth linkages and resource competition
arising from accelerating growth in agricultural subsectors, as well as the linkages
between agriculture and the rest of the economy. Although this chapter focuses on
agriculture, the model also contains detailed information on nonagricultural sectors.
More specifically, the model identifies 50 sectors, of which 21 are in agriculture (see
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Table 10A.2 in the appendix to this chapter). Agricultural crops fall into five categories: (1) cereal crops (maize, rice, sorghum, and millet); (2) root crops (cassava, Irish
potatoes, and sweet potatoes); (3) horticulture (vegetables and fruits); (4) other food
crops (beans, matoke, and pulses and oilseeds); and (5) high-value export-oriented
crops (for example, cotton, tobacco, coffee, and sugarcane). The model also identifies other noncrop subsectors, including three livestock subsectors, namely, cattle,
poultry, and other livestock (such as sheep, goats, and pigs). Forestry and fisheries
also appear as separate sectors. These agricultural commodities are not only exported
and consumed by households, but they are also inputs for downstream processing
activities in manufacturing. The eight processing activities in the model include
meat, fish, grain, animal feed, other food, beverages and tobacco, textiles and
clothing, and wood processing. Conversely, agricultural subsectors also use nonagricultural inputs, such as fertilizers from the chemical sector and marketing services from the trade sectors.
The DCGE model is calibrated to the initial cropping patterns of each of the
14 farm types (which consist of 7 broad farm types, each including two subtypes)
described in the previous section. Each group of farmers (represented by the various
farm types) responds to changes in production technology, commodity demand,
and prices by reallocating their lands across different crops to maximize their
incomes. These representative farmers also allocate their labor and capital endowments between farm and nonfarm activities, including livestock and fishing, wage
employment on other people’s farms, and migration to nonagriculture in more
urbanized sectors. The DCGE model segments labor markets into different categories: self-employed farmworkers, unskilled workers (both on- and off-farm), and
skilled nonfarm workers. Information on employment and wages by sector was taken
from the household survey UNHS3.
By capturing production information at the farm level, the DCGE model
integrates different actors and activities into an economywide model that can
assess growth effects at the macrolevel while also taking into account the microlevel
decisionmaking typically associated with more detailed farm models. The Ugandan
model is therefore an ideal tool for capturing the growth linkages and income and
price effects resulting from accelerating growth in different agricultural sectors.
Finally, the Uganda model endogenously estimates the impact of alternative
growth paths on the incomes of various household groups. These household groups
follow the farm typology by including farm and nonfarm households. In Uganda
they are disaggregated across rural areas, the major city of Kampala, and other
smaller urban centers. Each household in UNHS3 is linked directly to its corresponding representative household in the DCGE model. This linking is the microsimulation component of the model. In this formulation, changes in representative
households’ consumption spending and prices in the DCGE model are passed down
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to their corresponding households in the survey, where the consumption measures
are recalculated. The new level of per capita expenditure for each survey household is compared to the official poverty line, and standard poverty measures are
recalculated. Thus, poverty in the model is measured in the same way as official
poverty estimates, and changes in poverty reflect the consumption patterns and income distributions from UNHS3.
The data used to calibrate the base year of the model are drawn from a variety
of sources. The core dataset underlying the Ugandan model is a 2005 social accounting matrix that was constructed using information from national accounts, supply–
use tables, and balance of payments from the Uganda Bureau of Statistics (see
Thurlow, Diao, and Zhu 2007). Agricultural production data were provided by the
Ministry of Agriculture, Animal Industries and Fisheries (Uganda, MAAIF 2006),
and supplemented by information by the Food and Agriculture Organization (FAO
2010). Agricultural production was first disaggregated across sectors using official
production estimates. Production was then disaggregated across farm types using
information from UNHS3. Nonagricultural production and employment data are
from UNHS3 and national accounts. On the demand side, information on production technologies (that is, intermediate and factor demands) was taken from the
2002/03 supply–use table (Uganda, BOS 2008c); the income and expenditure patterns for the various household groups are from UNHS3.
Baseline Growth Scenario

The model is first used to examine the impact of Uganda’s current growth path on
poverty. This business-as-usual or baseline scenario draws on recent and observed
production trends for the various subsectors in the model to construct a growth
trajectory for 2005–15. Despite the slowdown in economic growth since the 1990s,
Uganda has still performed relatively well, with national GDP growing at around 5
percent per year. However, as mentioned earlier, the agricultural sector has experienced far more modest growth. Agricultural growth has also been erratic, with
agricultural GDP rising during 2002–03, falling in 2004, and then remaining
stagnant during 2005–06. In the baseline, we assume that agricultural GDP will
perform closer to what was observed during 2006–09, growing at 2.7 percent per
year during 2005–15. Moreover, most agricultural production growth since 1990
has been due to area expansion, with average weighted yields falling over this period
(FAO 2010). In the baseline, we assume that land expansion will continue, but at
a more modest pace, with only two-thirds of production growth driven by area
expansion. This rate is equivalent to a 2 percent increase in harvested land per year
during 2005–15 and is lower than the rural population growth rate of 3.2 percent.
As shown in Table 10.3, the nonagricultural sectors are assumed to maintain their
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Table 10.3—GDP growth rates in the baseline and Agriculture scenarios
Share of total
(percent)

Category
Total GDP
Agriculture
Cereals
Roots
Horticulture
Vegetables
Fruits
Pulses and oilseeds
Matoke
Export crops
Livestock
Forestry
Fisheries
Industry
Processing
Services

Initial GDP,
2005
(UGX billion)

Total GDP,
2005

14,898
4,659
589
976
58
19
38
708
605
444
652
246
381
3,643
748
6,596

100.0
31.3
4.0
6.6
0.4
0.1
0.3
4.8
4.1
3.0
4.4
1.6
2.6
24.5
5.0
44.3

Agricultural
GDP,
2005

Average annual growth rate
(percent)
Baseline
scenario,
2005–15

Agriculture
scenario,
2005–15

5.06
2.72
2.96
2.88
3.33
4.08
2.92
2.27
2.26
2.93
2.82
3.08
2.67
5.68
4.36
6.13

6.08
5.95
5.44
6.04
6.16
6.23
6.12
5.64
6.44
7.13
5.45
5.35
6.04
5.88
5.82
6.28

100.0
12.6
20.9
1.2
0.4
0.8
15.2
13.0
9.5
14.0
5.3
8.2

Source: The Ugandan dynamic computable general equilibrium model results.
Note: GDP = gross domestic product. UGX = Ugandan shillings. Blank cells = not applicable.

strong performance over the coming decade, with the industrial and services sectors
growing at 5.7 and 6.1 percent per year, respectively.
The overall 2.7 percent agricultural growth rate in the baseline is based on more
detailed assumptions for different agricultural subsectors. Table 10.4 shows the
assumptions made about each subsector’s yield growth. We initially adopt a slightly
higher maize yield than was actually observed in 2005, because we calibrate the
model to average production data for 2000–06. We then assume that maize yields
grow at 0.92 percent during 2005–15, so that Uganda achieves a sustained maize
yield of 1.81 metric tons per hectare (mt/ha) by 2015. This modest yield growth is
equivalent to returning to the maize yields achieved during 2001–03, which were
the highest seen since the early 1990s. Similarly, for rice and other cereals, we assume
that initial yields are closer to longer-term trends of 1.45 and 1.50 mt/ha, respectively, and that these yields will rise modestly to 1.51 and 1.65 mt/ha, respectively,
by 2015.
Although population growth exceeds cereal yield growth and demand rises
because of nonfarm growth in urban areas, a slightly smaller share of land is allocated
to maize. However, total agricultural land grows at 2 percent per year, meaning that

0.92
0.40
0.92

0.75
0.64
0.71

0.42
0.43

0.69
1.00
0.23

0.27
0.24
0.67
0.21
0.54

1.65
1.45
1.50

6.70
6.94
4.40

5.99
4.66

0.60
0.73
5.76

0.48
0.62
0.65
9.00
12.00

Baseline
growth,
2005–15
(percent)

0.74
0.99
1.09
10.58
16.46

0.90
1.03
9.03

9.24
6.78

9.99
9.95
6.53

2.34
2.00
1.96

4.47
4.86
5.34
1.63
3.21

4.14
3.53
4.60

4.44
3.81

4.08
3.66
4.02

3.52
3.27
2.70

Target
Target
level,
growth,
2015
2005–15
(mt/ha) (percent)

92
8
166
171
2,036

272
804
9,505

555
669

2,647
554
2,571

1,185
129
1,056

2.78
2.67
3.19
2.72
3.05

3.30
1.98
2.25

4.09
2.91

2.87
3.20
2.80

2.46
2.41
3.60

Initial
Baseline
level,
growth,
2005
2005–15
(thousand mt) (percent)

182
16
358
257
3,574

492
1,374
17,700

1,013
1,208

4,746
973
4,638

1,970
217
1,833

Target
level,
2015
(thousand mt)

Production quantityb

7.08
7.48
7.97
4.17
5.79

6.09
5.50
6.42

6.20
6.09

6.01
5.80
6.08

5.22
5.34
5.67

Target
growth,
2005–15
(percent)

2.87
0.18
3.84
0.28
2.55

6.82
16.58
24.78

1.39
2.16

5.94
1.20
8.77

10.76
1.33
10.54

3.02
0.19
4.03
0.30
2.67

7.22
14.96
24.81

1.64
2.26

5.99
1.26
8.83

10.26
1.33
11.23

Initial Baseline
share, share,
2004
2015

3.02
0.19
4.03
0.30
2.67

6.73
16.40
24.12

1.35
2.19

5.85
1.20
8.74

10.38
1.33
11.49

Target
share,
2015

Share of harvested land
areab (percent)

Sources: Authors’ calculations using production data from Uganda, MAAIF (2006) and FAO (2010) and the Ugandan dynamic computable general equilibrium model results.
Note: mt = metric tons. mt / ha = metric tons per hectare.
aValues are exogenous to the model.
bValues are endogenous within the model.

Cereals
Maize
Rice
Other cereals
Root crops
Cassava
Irish potatoes
Sweet potatoes
Horticulture
Vegetables
Fruits
Pulses and oilseeds
Oilseeds
Beans
Matoke
Export crops
Cotton
Tobacco
Coffee
Tea
Other crops

Crop

Initial
level,
2005
(mt/ha)

Crop yielda

Table 10.4—Crop production targets and growth rates in model scenarios
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the physical amount of land allocated to cereal crops rises by 2015. Rising yields
and expanding land areas cause maize production to grow at about 2.5 percent per
year during 2005–15. Thus, in the baseline, we see small but stable improvements
in cereal yields over the simulation periods, with modest production growth driven
by population-driven land expansion. Because cereal production growth is less than
population growth, annual average per capita cereal consumption falls from 29.0 to
26.3 kilograms by 2015.
Based on observed root-crop production trends, we assume that these crops’
yields will grow at rates similar to those of cereal yields over the coming decade.
Cassava yields in the baseline grow at 0.75 percent per year. Cassava dryweight yields
gradually rise from 6.7 mt/ha to 7.2 mt/ha by 2015, which is equivalent to the historical peak yield achieved in 2005. The slow pace of cassava yield growth in the
baseline is consistent with the relatively constant yields achieved since 1999. Similarly,
Irish potato yields rise to 7.4 mt/ha, which is well below the 8.4 metric tons achieved
during the mid-1990s but is consistent with recent trends. Land allocations to root
crops are expected to remain relatively constant despite the overall land expansion of
2 percent per year. Thus, production grows at about 3 percent per year for root crops
as a whole, which is only slightly faster than cereal production growth.
Observed trends indicate that the performance of other foodcrops has been
mixed. Fruits have not performed well, with production growing at only 0.7 percent
per year during 1990–2006. Vegetables have performed better, with production
growing at about 3 percent per year. Thus, the baseline scenario assumes faster
growth in vegetables compared with fruits and cereals. Groundnut production has
also risen since 2000, and this trend is assumed to continue and be supported by
increased land allocations. Accordingly, the production of oilseed crops grows at 3.3
percent per year, which is faster than the average growth rate of the overall agricultural sector.
Export crops play a key role in the agricultural sector, generating 9.5 percent
of the sector’s GDP and a far larger share of the country’s export earnings (see Table
10.3). These export crops are also likely to have greater growth potential than many
staple food crops, as observed during 2006–09 (Uganda, BOS 2010). Despite this
potential, agricultural exports have performed poorly over the whole of the past
decade, with crop yields falling for tea and tobacco. The baseline scenario assumes
that the performance of these crops improves slightly during 2005–15. Annual yield
growth ranges from 0.21 percent for tea to 0.67 percent for coffee (see Table 10.4).
Coffee is especially important for Uganda, as more than 1 million farm households
are engaged in coffee production (see Table 10.1). Since 2002, there has been a sharp
drop in coffee production by about 25 percent. The baseline scenario assumes that
this downward trend is halted and that production rises to 227,000 metric tons by
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2015, which is still below the production levels achieved in the late 1990s. The
baseline scenario, therefore, assumes a modest recovery of the coffee sector.
Livestock is an important agricultural subsector, generating 14 percent of agricultural GDP in 2005. Recent evidence suggests that Uganda’s livestock population
has been growing steadily (FAO 2010). We assume that these stock trends are
indicative of changes in livestock value-added. Cattle GDP in the baseline grows at
2.8 percent per year during 2005–15, which is slightly lower than the cattle population’s annual growth rate of 3.6 percent during 1998–2006. The poultry population
has also grown rapidly since 1998, although there was a sharp decline in 2006. The
baseline scenario assumes that the poultry population will return to longer-term
trends and that the poultry GDP will grow at 2.6 percent per year during 2005–15.
Finally, the populations of other livestock types have not grown as fast as those of
either cattle or poultry over the past decade (for example, the pig population grew
at only 1.8 percent per year during 1998–2006). The baseline scenario therefore
assumes that other livestock GDP grows at about 2 percent per year.
Fisheries and forestry together generate about 13.5 percent of total agricultural
GDP. The baseline assumes that fisheries GDP will grow at 2.7 percent per year
during 2005–15. This value captures reasonable expectations about Uganda’s natural potential for expanding this sector, but it also reflects the typical challenges
associated with capture fisheries. More specifically, we assume that fish production
grows from 416,000 metric tons in 2005 to 541,000 metric tons in 2015, which is
equivalent to achieving the production targets identified in the government’s strategic export plan, but by 2015 as opposed to the 2007 goal stated in the plan. Recent
evidence for the forestry subsector suggests that growth has been driven by charcoal
and fuel wood production for household use (Kebba and Ofwono 2007). The
baseline scenario therefore assumes that forestry GDP will grow roughly in proportion to the population at around 3.1 percent per year during 2005–15.
Drawing on these detailed trends, the DCGE model indicates that, with modest growth in the agricultural sector and more rapid growth in nonagricultural
sectors, overall national GDP will grow at an average rate of 5.1 percent during
2005–15 (see Table 10.3). This rate is close to the average GDP growth rate of about
5.5 percent since 2000. The population grows at 3.2 percent per year, so per capita
GDP growth is 1.9 percent. With rising per capita incomes, the model indicates
that poverty will decline modestly: national poverty will fall from 31.1 percent in
2004 to 26.5 percent in 2015. This is enough for Uganda to reach the first
Millennium Development Goal (MDG1) of halving the 1990 poverty rate by 2015
(Figure 10.2). However, with such modest poverty reduction and an expanding
population, the absolute number of poor people in Uganda will increase from about
8.4 million in 2005 to 10.2 million by 2015. The model results indicate that urban
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Figure 10.2—National poverty rate in model scenarios
Percent
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Source: The Ugandan dynamic computable general equilibrium model results.
Notes: Rural and urban poverty lines are US$121 and US$136 per person per year, respectively. MDG1 =
first Millennium Development Goal.

poverty falls from 13.8 to 11.3 percent by 2015, whereas rural poverty declines from
34.3 to 29.3 percent during the same period.
Ultimately, growth and poverty reduction in the baseline scenario produce a
poverty–growth elasticity of –0.8, which is broadly consistent with the elasticity of
–0.6 observed during 2000–06. However, it is well below the elasticity of the 1990s,
when Uganda was able to reduce the number of poor people living in the country.
Thus, even though Uganda may be on track to achieve MDG1, the challenge still
remains to find new opportunities to accelerate growth and poverty reduction,
especially in rural areas.
Accelerated Growth Scenarios
Impacts on Economic Growth

The previous section estimated the impact of Uganda’s current growth path on
poverty reduction. This section examines the potential contribution of different
agricultural subsectors to helping Uganda achieve a 6 percent agricultural growth
target. Accelerated crop production is modeled by increasing crop yields and livestock productivity to achieve reasonable improvements by 2015. Maximum potential yields are taken from field trial estimates reported by the National Agricultural
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Advisory Services (Uganda, MAAIF 2006). However, it is not expected that Uganda
will achieve and sustain the high yields obtained under the ideal conditions of controlled field trials, nor is Uganda expected to achieve comprehensive technology
adoption rates by 2015.
Taking maize as an example, the baseline scenario assumes that average yields
would remain roughly constant during 2005–15 at 1.65–1.81 mt/ha. For the
Agriculture, or CAADP, scenario, we target more ambitious maize yield improvements, with the annual yield growth rate for maize rising from its current 0.9
percent per year to 3.5 percent per year (see Table 10.4). Thus, national average
maize yields will increase consistently over the simulation periods to reach 2.34
mt/ha by 2015. This level is well below the maximum potential yields identified
by field trials, which range from 1.25 to 4.90 mt/ha, depending on seed types and
agroecological conditions (Table 10.5).

Table 10.5—Crop yields in model scenarios and field trials
Modeled crop yields (mt/ha)
Initial,
2005

Baseline
scenario,
2015

Agriculture
scenario,
2015

Maize
Rice
Wheat
Cassava
Irish potatoes
Sweet potatoes
Beans
Groundnuts
Simsim
Matoke
Cocoa
Coffee

1.65
1.45
1.50
6.70
6.94
4.40
0.73
0.68
0.53
5.76
0.60
0.65

1.81
1.51
1.65
7.21
7.41
4.73
0.81
0.73
0.57
5.89
0.63
0.69

2.34
2.00
1.96
9.99
9.95
6.53
1.03
1.02
0.80
9.03
0.82
1.09

Cotton
Sunflower seeds
Tea
Tobaccoa
Vanilla

0.48
1.06
9.00
0.62
0.52

0.49
1.12
9.20
0.63
0.55

0.74
1.45
10.58
0.99
0.71

Crop

Yield ranges from field trials (mt/ha)
1.25–4.90
1.40–2.60
1.80–3.75
5.00–11.50
4.50–12.50
5.00–12.00
0.45–1.20
0.50–1.00
0.53–0.98
5.50–11.88
0.55–1.00
0.50–0.95 (arabica)
1.00–2.50 (robusta)
0.28–1.00
1.05–2.00
8.50–11.50
1.00 (fire), 1.20 (air), 1.45 (flue)
0.68–1.50

Sources: Authors’ calculations using Uganda, MAAIF (2006) and the Ugandan dynamic computable general
equilibrium model results.
Notes: Yield ranges begin with traditional, low-input practices and end with high-input, recommended practices.
mt/ha = metric tons per hectare.
a
Maximum yields are shown for different curing processes: fire, air, and flue.
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Although the Agriculture scenario targets yields below those obtained in field
trials, recent trends in maize yields indicate that reaching and sustaining 2.34 mt/
ha by 2015 will pose considerable challenges. Historical production data indicate
that national average maize yields did not exceed 1.8 mt/ha during 1990–2005
(FAO 2010). Thus, the government would not only have to improve the distribution of higher yielding seed technology but also improve current farming practices
and the distribution of other inputs if it is to help farmers significantly increase
maize yields by 2015. For these reasons, 2.34 mt/ha is considered an ambitious maize
yield target. Table 10.5 provides similar comparisons between modeled and field
trial yields for other selected crops.
Agriculture’s current poor performance means that achieving the 6 percent
agricultural growth target will be challenging, as Uganda will have to more than
double its baseline agricultural growth rate. However, the DCGE model indicates
that 6 percent agricultural growth is possible if the sector-level targets for crop yields
and productivity are achieved. Because agriculture accounts for one-third of the
economy, this acceleration of agricultural growth would raise the national GDP
growth rate from its current 5.1 percent to 6.1 percent per year during 2005–15
(see Table 10.3). Faster agricultural growth would stimulate additional growth in
the nonagricultural sectors by raising final demand for nonagricultural goods, lowering input prices, and fostering upstream processing. In the Agriculture growth
scenario, the GDP growth rate of the processing sectors would increase from 4.4
percent in the baseline scenario to 5.8 percent per year. Therefore, accelerating
agricultural growth has economywide growth-linkage effects for nonagriculture.
Faster agricultural growth and its spillover effects cause poverty to decline by a
further 7.6 percentage points, from the baseline rate of 26.5 percent in 2015 to 18.9
percent under the Agriculture scenario. Higher agricultural growth means that
overall economic growth in Uganda becomes more broadly based. The poverty–
growth elasticity rises from 0.8 to 1.7 (in terms of absolute value), which is now
similar to the elasticity achieved during the 1990s. Moreover, taking population
growth into account, achieving the 6 percent agricultural growth target lifts an
additional 2.9 million people above the poverty line by 2015 and is sufficient to
reverse current trends by reducing the absolute number of poor people in Uganda
by 2015.
Impacts on Household Incomes and Poverty

Faster agricultural growth would benefit most households. However, not all households benefit equally from achieving the yield targets. Table 10.6 shows changes in
poverty rates for the different farm types and household groups in the model.
Additional growth in the Agriculture scenario is partly driven by expanding export
crops, whose GDP growth rises from 2.9 to 7.1 percent per year (see Table 10.3).
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Table 10.6—Poverty rates in model scenarios

Indicator
National poverty rate
Urban
Kampala
Urban farms (T13–14)
Urban nonfarm
Rural
Farm
Coffee and maize (T1–2)
Coffee only (T3–4)
High-value crops and maize (T5–6)
High-value crops only (T7–8)
Maize only (T9–10)
Other staples only (T11–12)
Nonfarm
With cattle (T1, 3, 5, 7, 9, 11, and 13)
Without cattle (T2, 4, 6, 8, 10, 12, and 14)

Final poverty rate,
2015 (percent)

Initial
poverty rate,
2005
(percent)

Baseline
scenario,
2015

Agriculture
scenario,
2015

Change,
2015
(percentage
points)

31.1
13.8
4.9
19.7
16.5
34.3
33.2
23.2
36.9
35.9
27.5
42.1
43.1
42.6
26.2
37.1

26.5
11.3
2.9
16.9
14.0
29.3
27.8
17.0
33.9
30.1
25.0
35.6
37.0
40.7
21.6
31.2

18.9
8.3
1.0
12.7
11.3
20.8
19.0
10.0
18.4
20.7
16.4
25.1
30.7
35.7
14.0
21.6

–7.57
–2.95
–1.87
–4.17
–2.72
–8.41
–8.84
–6.93
–15.55
–9.40
–8.53
–10.42
–6.30
–5.01
–7.51
–9.56

Source: The Ugandan dynamic computable general equilibrium model results.
Note: Rural and urban poverty lines are US$121 and US$136 per year, respectively.

Rural farmers with better market access and more favorable agroecological conditions can more readily grow high-value crops, thereby benefiting the most. For
example, the poverty headcount rate for farmers growing coffee (T3–4) falls by an
additional 15.6 percentage points, from 33.9 percent in the baseline scenario to 18.4
percent in the Agriculture scenario. However, despite rapid export growth, most
farm types benefit, because reaching the 6 percent agricultural growth target requires
additional growth in all agricultural subsectors. This broadly based growth causes
poverty to decline for all household groups, albeit to varying degrees.
There are two forces driving changes in production and household incomes:
direct and indirect effects of crop-specific yield improvements. Increased yields have
a direct effect on farmers’ incomes, because they increase the quantity of output that
a farm household can produce using the same quantity of factor inputs. However,
increased production faces demand and market constraints, so that prices typically
fall following increases in yields. Thus, the direct impact of crop yield improvements
for a specific farm household is its net effect on crop production weighted by the
share of the household’s land allocated to producing that crop. This direct effect
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assumes that land allocations remain fixed. However, farmers may reallocate land in
response to changes in relative prices. Thus, the indirect impact of crop yield
improvements is the potentially positive impact of reallocating land to other crops.
The DCGE model captures both the direct and indirect effects of crop yield
improvements.
The model results indicate that urban agriculturalists also benefit in the
Agriculture scenario. This result can be seen in Table 10.6, which shows that urban
farm households’ poverty rates decline by an additional 4.2 percentage points per
year in the Agriculture scenario. Nonfarm households also benefit from lower food
prices (see below). However, because rural poverty is initially much higher than
urban poverty and agriculture is especially important for poorer rural households,
the poverty rate for rural farm households declines by an additional 8.4 percentage
points.
Price Effects and Marketing Constraints

Figure 10.3 shows the importance of taking demand constraints and relative price
changes into account. Matoke has relatively weak linkages to upstream food processing, and therefore faces more stringent demand constraints to increasing production. These constraints cause matoke prices to decline significantly in the Agriculture
scenario. Maize has slightly stronger linkages to the animal-feed and food-processing
sectors, which means that although maize prices decline under faster growth, they
fall by less than matoke prices. Finally, the farmgate coffee price is influenced by
Uganda’s real exchange rate, which depreciates in the Agriculture scenario. Thus,
the price received by coffee farmers rises slightly despite higher coffee production.
These price changes cause farmers to reallocate land away from crops that become
less profitable, so the share of land planted in maize and matoke declines, while that
allocated to export crops increases (see the last three columns of Table 10.4).
Prioritizing Agricultural Subsectors for Investment

So far we have examined the poverty impact of accelerating agricultural growth
to 6 percent per year. However, understanding how poverty–growth linkages
vary at the subsector and household levels is important for designing pro-poor
growth strategies. Therefore, we now prioritize specific crops and subsectors for
investment.
We first calculate poverty–growth elasticities that allow us to compare the propoorness of growth in alternative subsectors. These elasticities are endogenous
outcomes from the model results. Growth affects individual households differently
because of heterogeneity across household groups. The above analysis has shown
how, given differences in household and farm characteristics, changes in income
across households can differ considerably from average changes at the national level.
Thus, to capture growth–poverty linkages, we must understand the changes in
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Figure 10.3—Relative producer price changes in the sector scenarios
Commodity price index (2005 ⫽ 1)
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Source: The Ugandan dynamic computable general equilibrium model results.
Note: Price changes are relative to baseline prices for each year.

income distribution, which are primarily determined by the country’s initial conditions. In the previous section, we saw how certain households have better opportunities to produce high-value crops and are thus better positioned to benefit from
export-led agricultural growth. However, export crop-producing households are
typically less poor than other rural households. Thus, agricultural growth driven by
export crops may have less of an impact on poverty, especially among the poorest
households. In contrast, foodcrops tend to be a more important source of agricultural income for poor small-scale farm households in more remote areas of the
country. Thus, growth in foodcrops is expected to be more effective at reducing
poverty than similar growth in export crops.
The reported poverty–growth elasticity measures the responsiveness of the
poverty rate to changes in per capita agricultural GDP growth. More specifically,
the elasticity measures the percentage change in the poverty rate caused by a 1 percent increase in agricultural GDP per capita. This definition differs from that for
elasticities cited earlier in this chapter, which were computed using total GDP. Table
10.7 shows the poverty–growth elasticities in different subsector-led growth scenarios. The results indicate that agricultural growth driven by horticulture and root
crops is most effective at reducing poverty. For example, a 1 percent increase in
agricultural GDP driven by horticulture causes the national poverty headcount rate
to decline by 1.38 percent, whereas growth driven by export crops causes the poverty
rate to decline by only 0.64 percent. This difference reflects the importance of root
crops for poor households in Uganda, both as a source of income and as an item in
the households’ consumption baskets. Maize and livestock are also effective at reduc-

300

SAMUEL BENIN ET AL.

Table 10.7—Poverty–growth elasticities in subsector
model scenarios
Elasticity
Sector driving growth
Cereals
Roots
Horticulture
Pulses
Matoke
Export crops
Livestock
Fisheries

Incidence
(P0)

Depth
(P1)

Severity
(P2)

–0.869
–1.074
–1.383
–0.766
–0.801
–0.644
–0.928
–0.623

–1.337
–1.279
–1.295
–0.932
–1.100
–0.626
–1.351
–0.836

–1.623
–1.420
–1.487
–1.031
–1.258
–0.651
–1.569
–0.986

Source: The Ugandan dynamic computable general equilibrium model results.
Notes: The incidence is the proportion of the population with per capita consumption
below the poverty line. The depth of poverty is the extent, measured as a proportion
of the poverty line, to which a given group of poor people’s consumption level falls
below the poverty line. The severity of poverty is the average of the squared values
of the depth of poverty for different groups of poor people.

ing the severity of poverty among Uganda’s poorest households, as reflected in the
higher poverty gap (P1) and squared-gap (P2) elasticities for these sectors.
An alternative representation of poverty–growth linkages is shown in Figure 10.4,
which compares each sector’s contribution to overall agricultural growth and poverty
reduction in the Agriculture scenario. The higher than average poverty–growth elasticities of root-led growth can be seen in the fact that this subsector contributes more to
poverty reduction than it does to agricultural growth. However, policymakers should
not overly rely on poverty–growth elasticities when designing growth strategies, because
a high elasticity can be meaningless if a sector has poor growth prospects. Thus, even
though export crops have a lower poverty–growth elasticity, the large contribution of
these sectors to agricultural growth (stemming from higher growth potential and fewer
market constraints) means that they account for a larger share of overall poverty reduction in the Agriculture scenario than, for example, horticultural crops.
Conversely, a growth strategy should not overly rely on sectors with high
growth potential without taking into account their potential contributions to the
national economy. For example, the small size of the export crop sector compared
to that of pulses and oilseeds means that even though the export sector has a substantially higher growth potential, its smaller initial size limits its ability to substantially raise national agricultural GDP. Even if export crop GDP grows at more than
7 percent per year, export crops will still contribute only 15 percent to additional
agricultural growth in the Agriculture scenario. Thus, the slower-growing matoke,
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Figure 10.4—Shares of additional growth and poverty reduction in the
Agriculture scenario
Percent
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Source: The Ugandan dynamic computable general equilibrium model results.
Note: Additional growth is relative to the baseline scenario.

pulse, and root crop subsectors remain important sources of growth during times
when other, faster growing and higher value crops are still increasing their relative
contributions to the agricultural sector.
Finally, agriculture’s proponents often cite the sector’s strong linkages to the rest
of the economy as justification for promoting agricultural growth (Diao et al. 2007).
Table 10.8 measures agriculture’s growth-linkage effects at the subsector level. For
example, cereal-led growth causes agricultural GDP to increase by 177 billion
Ugandan shillings (UGX). However, total GDP increases by more than this amount
because of backward and forward production and consumption linkages. For
example, increasing maize production stimulates growth in food processing in the
manufacturing sector while also reducing food prices and increasing real incomes
that are then spent on nonagricultural commodities. Overall, GDP increases by
UGX235 billion, which means that for every UGX1.00 increase in agricultural
GDP driven by cereal-led growth, we see an additional UGX0.32 increase in nonagricultural GDP (that is, a growth-linkage ratio of 1.32). Comparing these ratios
suggests that even though forestry-led growth contributes relatively little to agricultural growth in the Agriculture scenario (see Table 10.8), it is more effective at
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Table 10.8—Agriculture’s economywide growth-linkage effect

Sector
driving
growth
Cereals
Roots
Horticulture
Pulses
Matoke
Export crops
Livestock
Forestry
Fisheries

Sectoral growth rates
(percent)

Additional GDP
relative to baseline
(2005 UGX billion)

Sector’s
value-added,
2005 (2005
UGX billion)

Baseline
scenario,
2005–15

Sector
scenario,
2005–15

Total
GDP,
2015
(1)

Agricultural
GDP,
2015
(2)

Economywide
growthlinkage ratio
(1)/(2)

589
976
58
708
605
444
652
246
381

2.99
2.87
3.33
2.24
2.25
2.94
2.83
3.09
2.68

5.08
6.01
6.03
5.86
6.47
7.41
5.03
5.05
6.01

235
619
49
386
517
205
267
95
116

177
480
36
360
401
331
216
70
162

1.32
1.29
1.39
1.07
1.29
0.62
1.24
1.36
0.72

Source: The Ugandan dynamic computable general equilibrium model results.
Notes: GDP = gross domestic product. UGX = Ugandan shillings.

stimulating nonagricultural growth compared to growth led by exports. This is
because forestry has upstream links to wood processing and other manufacturing
sectors, whereas export crops have weaker economywide growth linkages, because
most export crops are exported directly as raw agricultural materials rather than
contributing to upstream production.
This section has described four dimensions that help us understand the potential contribution of individual crops to accelerating growth and poverty reduction:
(1) the effectiveness of subsector-driven growth in reducing poverty (poverty–
growth elasticity); (2) the effect of a subsector’s size and growth potential on determining its potential contribution to overall growth and poverty reduction (the size
effect); (3) the implications of subsector-driven growth for growth in other nonagricultural sectors (the linkage effect); and (4) the market constraints facing different crops (the price effect). Based on these considerations, it is possible to rank the
subsectors relative to one another. Figure 10.5 identifies the top four subsectors for
each of the four considerations listed above.
The four subsectors with the highest poverty–growth elasticities are horticulture, roots, cereals, and livestock. These are placed inside the circle labeled
“Poverty effect” in Figure 10.5. Similarly, the four sectors that contribute the most
to overall agricultural growth are roots, matoke, pulses and oilseeds, and export crops.
Based on their growth potentials, these four subsectors are placed inside the circle
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Figure 10.5—Priority crops for investment, by various measures
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Source: The Ugandan dynamic computable general equilibrium model results.

labeled “Size effect and growth potential” in the figure. Because the root sector is
among the top four for both criteria, it falls into the intersection of the two circles.
We also consider the subsectors’ linkage effects and we identify horticulture, forestry,
cereals, and roots as the leading subsectors by this indicator. Finally, we consider
market constraints and price effects. Although cereals, root crops, and matoke have
been identified as having growth potential and strong size effects, they also face
considerable market constraints, leading to large price declines when production
increases. Based on this consideration, it is clear that to realize the growth and povertyreducing potentials of the prioritized food crops, it will be necessary to improve
market conditions by reducing transaction costs, supporting market development,
and expanding upstream agroprocessing.
The previous section concluded that to substantially increase agricultural
growth and reach the 6 percent agricultural growth target, it will be necessary to
encourage growth in a number of agricultural subsectors in Uganda. However, the
poverty–growth elasticities, sectoral growth potentials, and size and linkage effects
presented in this section suggest that high priority should be given to improving
yields for maize, roots, and matoke, while the longer-term expansion of smallholder
export crops should be encouraged, because the growth potential is higher for export
crops than for most staple foodcrops. However, this prioritization of subsectors
should be treated with some caution, because broadly based poverty reduction will
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require an encompassing agricultural growth strategy. The next section considers
the public sector cost of accelerating broadly based agricultural growth.
Agricultural Investment Analysis
Required Total Agricultural Spending

Since 2000, the Government of Uganda has been implementing the PMA as a key
policy initiative aimed at reducing poverty to less than 28 percent by 2014 (Uganda,
MFPED 2004). The PMA, which emphasizes the revitalization of agriculture as an
engine of growth, poverty reduction, and overall development for the economy, is
contained in the country’s Poverty Eradication Action Plan and vision of Prosperity
for All (Uganda, MFPED 2008) and supported by the broader Rural Development
Strategy (Uganda, MAAIF 2005a).
Key components of the PMA and the Rural Development Strategy are the
National Agricultural Advisory Services (NAADS) and the Integrated Support to
Farmers Groups, respectively. In 2005/06, for example, about UGX8 billion of the
more than UGX20 billion budgeted for the Rural Development Strategy were
allocated to NAADS for implementation of the Integrated Support to Farmers
Groups (Uganda, MAAIF 2005b). Although these interventions and investments
may provide a better foundation for achieving higher agricultural growth, the question remains as to whether the planned investments are sufficient to meet the growth
and poverty-reduction targets. In this chapter we use the methodology presented in
Chapter 3 to estimate the public agricultural expenditure (PAE) required to achieve
the growth targets based on the DCGE model results.
Fan and Zhang (2008) estimated that the elasticity of agricultural productivity
with respect to PAE on research and extension in Uganda is 0.19. This number lies
in the range of elasticities estimated for the sector in other African and developing
countries (0.08–0.46). Our investment analysis results are quite sensitive to the
selected value of the elasticity. Therefore, we use lower and upper limits of a 90
percent confidence interval around the estimated value of 0.19. The calculated lower
limit of the interval (0.01) was found to be too low for reasonable analysis, and so
we used 0.15 instead to represent a pessimistic PAE efficiency scenario. The calculated upper limit value of 0.37 was used to represent a more optimistic PAE efficiency. The parameter values used in public investment simulations are summarized
in Table 10A.3 in the appendix to this chapter.
To estimate aggregate PAE requirements, we simulate several scenarios based
on the DCGE model results. The first is the baseline scenario, where we assume that
PAE and public nonagricultural spending (PNE) continue to grow according to
2000–04 trends (at 14.8 and 9.0 percent per year, respectively, during 2005–15).
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In addition, other factors, including interaction effects among different types of
investment, crowding effects of public on private spending, and nonspending factors affecting agricultural growth, remain unchanged. The simulation results show
that the share of PAE in total expenditure rises from 5.3 percent in 2005 to 6.7
percent in 2010 and 8.6 percent in 2015 (Table 10.9), as PAE grows more rapidly
than total spending.
With 6 percent agricultural growth (as in the DCGE model’s Agriculture
scenario), nonagricultural GDP growth increases only slightly from 6.3 to 6.5 percent per year. To estimate the aggregate PAE required to support the acceleration in
agricultural growth, we perform two simulations: (1) we assume that agricultural
growth will be supported solely by an increase in PAE—all other factors remain unchanged as in the baseline scenario, and (2) we simulate an increase in PNE growth

Table 10.9—Estimated government resource allocation in the investment analysis
Agricultural growth
due to PAE growth only
Indicator
Real annual growth rate (percent)
Total public expenditure
Agriculture
Nonagriculture
Government expenditure share (percent)
PAE/total expenditure
2004
2010
2015
PAE/agricultural GDP
2004
2010
2015
PNE/nonagricultural GDP
2004
2010
2015
Total expenditure/total GDP
2004
2010
2015

Agricultural growth
including effects of
faster PNE growth

Baseline
scenario

Low
elasticity

High
elasticity

Low
elasticity

High
elasticity

9.3
14.8
9.0

12.7
35.2
9.0

10.3
23.1
9.0

12.8
35.1
9.1

10.4
23.1
9.1

5.3
6.7
8.6

14.1
32.5

9.3
15.9

14.0
32.1

9.2
15.6

4.6
8.0
13.8

15.6
52.9

9.8
20.8

15.6
52.6

9.7
20.6

28.9
32.7
37.0

32.5
36.4

32.5
36.4

32.7
37.0

32.7
37.0

22.6
27.0
32.3

28.2
40.5

26.7
32.5

28.3
40.8

26.9
32.9

Sources: Authors’ investment analysis results based on their literature review of elasticities: data from IFPRI (2010) and
Uganda, BOS (2010); and the Ugandan dynamic computable general equilibrium model results.
Note: GDP = gross domestic product. PAE = public agricultural expenditure. PNE = public nonagricultural expenditure.
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proportional to the required growth in this sector’s GDP. The latter has an effect on
agricultural GDP growth, and we assume that the elasticity of agricultural GDP
with respect to PNE has a low value of 0.08 and a high value of 0.18, corresponding
to a more and less optimistic spending efficiency scenario, respectively. These limits
are based on a 90 percent confidence interval around the weighted average of the
estimated elasticities of agricultural productivity with respect to public capital in
education (0.33), health (0.46), and feeder roads (0.14) estimated by Fan and
Zhang (2008) for Uganda. All other factors remain unchanged from the baseline.
In the first of the Agriculture scenarios, the accelerated growth in agricultural
GDP requires an associated growth in PAE from the baseline value of 14.8 percent
per year to 23.1 percent per year in the high elasticity scenario and 35.2 percent in
the low elasticity scenario (see Table 10.9). The total government budget is estimated to grow at 10.3 percent per year in the high elasticity scenario and at 12.7
percent in the low elasticity scenario. Again, with PAE growing more rapidly than
total spending, the share of PAE will rise from the baseline value of 5.3 percent to
9.3–14.1 percent in 2010 and 15.9–32.5 percent in 2015 (the lower bounds correspond to the high elasticity and the upper bounds to the low elasticity).
The results of the second scenario, where we assume additional growth in PNE
in proportion to the required additional growth in the sector’s GDP, is similar to the
results of the first scenario. This is because the additional growth in nonagricultural
GPD required is only 0.2 percentage points (from 6.3 to 6.5), which does not have
significant effect on agriculture’s GDP growth (see Table 10.9).
As in the case of Malawi, these results confirm the importance of Uganda’s
allocating at least 10 percent of the government’s total budget to agriculture in accordance with the Maputo Declaration on agriculture and food security (AU 2006). In
fact, the results suggest that even in a more efficient spending scenario (that is, high
elasticity), the government will need to allocate at least 15 percent of its total budget
to agriculture by 2015 to achieve the growth target.
Identifying Investment Priorities

How should additional resources be prioritized among different types of investments (for example, research and development, extension, irrigation, farm input
support, marketing information, and storage and processing infrastructure)?
Although we do not have the requisite data on specific investment programs and
their outputs and outcomes to undertake any primary analysis to address these
questions, the results from Fan and Zhang (2008) on Uganda and those of several
others provide ample information to begin to address the above question.
It is common knowledge that to increase agricultural production, reduce costs
of production, and protect the environment for sustainable agricultural production,
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farmers must have access to and use improved technologies that are profitable under
their local farming and market conditions. The results by Fan and Zhang (2008)
show that policies and programs promoting fertilizer use, for example, will have
large agricultural productivity and poverty-reduction effects. The estimated agricultural productivity and poverty elasticity with respect to fertilizer were 0.16 and 0.04,
respectively. But fertilizer use is very low in Uganda compared with several other
countries because of very high prices that make its use unprofitable. Thus, policies
and programs that assist farmers to acquire profitable technologies will be critical.
The success story of the Government of Malawi’s input support program (see
Chapter 9) can provide some lessons on how to do this.
But there are also lessons from Uganda’s own NAADS program, which is one
of the government’s strategies (Figure 10.6) and is justified by several favorable evaluations (see OPM 2005; Scanagri Consulting Company 2005; Benin et al. 2007,
2011). The studies by Benin et al., for example, show that NAADS has positively
affected the availability and quality of advisory services provided to farmers, the
adoption of new crop and livestock enterprises, and the use of modern agricultural

Figure 10.6—Spending on agricultural research and development and other
public goods and services in Uganda
Budget allocation under PMA (percent)
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Natural resource management
Rural finance

2006–07
Research and development
Market and agroprocessing
Other (policy, institutional,
or the like)

2007–08
NAADS
Rural infrastructure

Source: Authors’ calculations using Uganda, MAAIF (2007).
Note: NAADS = National Agriculture Advisory Services. PMA = Plan for the Modernization of Agriculture.
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production technologies and practices, which together have led to improved productivity and incomes. However, the program’s success in promoting the adoption
of improved varieties of crops and some other yield-enhancing technologies has not
been matched by the increased application of improved soil-fertility management.
This raises concern about the sustainability of the productivity gains, which are
likely to result in more rapid soil nutrient mining in the absence of improved soilfertility management. Given the high cost of inorganic fertilizers, these findings
suggest the potential need for increased public investment in applied agronomic
research that seeks to identify more effective ways to profitably combine inorganic
and organic soil-fertility measures in different crop systems, improve the market
environment, and promote adoption of more remunerative crop enterprises.
The research by Fan and Zhang (2008) on Uganda confirms that investment
in agricultural research and development and extension offers one the best avenues
for enhancing agricultural productivity and reducing poverty. For every UGX1 million invested in Uganda’s agricultural research and development and extension, 12.3
times that amount is returned in terms of agricultural output, and 58 Ugandans are
lifted out of poverty. However, spending on agricultural research and development
in Uganda is low compared to expenditures on the provision of other public agricultural goods and services (see Figure 10.6).
The report by Fan and Zhang (2008) also shows that investment in rural road
infrastructure in Uganda, particularly feeder roads, has a high return and can have
large effects on agricultural growth and poverty reduction. The marginal returns to
public spending on feeder roads on agricultural output and poverty reduction is three
to four times larger than the returns to public spending on murram and tarmac roads.
This positive effect of public infrastructure spending on agricultural growth is
consistent with the results of several other studies on the effect of infrastructure
development on economic growth (see the review in Guild 2000). In fact, investment in infrastructure, especially road development, is often ranked among the
top two public spending choices for overall growth and poverty reduction. Studies
in other countries, including Ethiopia, Ghana, and Zambia (see, for example, Fan
2008; Fan, Mogues, and Benin 2009), emphasize the importance of rural roads for
increasing smallholder access to agricultural inputs and product markets. Roads
enable farmers to participate in higher value-added market chains, thereby contributing significantly to poverty reduction (Diao and Nin-Pratt 2005). With its current
road density of about 350 kilometers per 1,000 square kilometers, Uganda is ranked
seventh in Sub-Saharan Africa (IRF 2007). Figure 10.7 shows how the Government
of Uganda has dramatically increased its spending on transport and communications in recent years, reflecting the importance of these types of investments. This
investment should positively impact the profitability of purchased inputs needed to
reach the 6 percent agricultural growth target.
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Figure 10.7—Government spending on transport and communications
in Uganda
Share of total government
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Conclusions

During the 1990s Uganda made considerable strides toward achieving rapid and
pro-poor economic growth. However, the rate of poverty reduction has declined
rapidly since 2000, driven in large part by a stagnation of the agricultural sector.
Despite this slowdown, simulations from the Ugandan DCGE model indicate that,
on its current growth path, the country is still on track to achieve the MDG1 of
halving poverty by 2015. However, the achievement of this goal is vulnerable to
changes in world markets and external shocks, such as the food price crisis of 2008
and the global economic recession starting in 2009, both of which were not modeled. Moreover, the attainment of MDG1 reflects the strong growth of the 1990s
and masks the challenges facing future structural transformation in Uganda. This
chapter has shown that unless Uganda can revive its stagnant agricultural sector and
re-establish the broadly based growth of the 1990s, the ability of even rapid economic growth to reduce poverty is sorely limited.
Slow agricultural growth is not symptomatic of poor agroecological conditions,
because current yields for most crops are still well below the potentials identified by
field trials. Indeed, the Ugandan DCGE model shows that reasonable improvements in agricultural productivity are sufficient for the country to achieve the ambitious 6 percent agricultural growth target. This acceleration in agricultural growth
would increase overall GDP growth from 5.1 to 6.1 percent per year. Higher eco-
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nomic growth reduces national poverty to 18.9 percent by 2015, which is lower
than the 26.5 percent poverty rate that would be achieved under the current growth
path. Thus, an additional 2.9 million Ugandans would be lifted above the poverty
line by 2015. Accelerating agricultural growth would therefore ensure the achievement of MDG1 and re-establish the pro-poor growth outcomes experienced in the
1990s.
Results from the Ugandan DCGE model indicate that the composition of
growth matters. Although most households are likely to benefit from faster agricultural growth, farm households growing high-value export-oriented crops stand to
gain more than households that rely more on foodcrops or livestock. Moreover, rural
households will benefit more than urban ones, because rural households are more
dependent on agricultural incomes. However, urban households also stand to benefit from agricultural growth, because urban agriculturalists comprise a significant
share of agricultural producers in Uganda, and because agricultural commodities
are an important part of the consumption baskets of both urban and rural households. These results confirm the gains from broadly based agricultural growth.
We compared the effectiveness of different subsectors on reducing poverty and
stimulating agricultural growth. Model results indicate that growth driven by maize,
horticulture, and root crops has considerably larger impacts on poverty reduction
than similar growth in export-oriented crops. Cereals also have stronger growth
linkages to nonagricultural sectors than do export crops, thereby stimulating broader
economywide growth and poverty reduction. However, the high growth potential
of export crops relative to foodcrops means that export-led growth will still account
for a significant share of overall growth and poverty reduction, especially over the
long term. Conversely, the small initial size of horticulture means that its potential
contribution to national growth and poverty reduction remains limited. Taken
together, these findings highlight the importance of broadly based agricultural
growth, but they accord a high priority to maize, roots, and smallholder export
crops. These subsectors should form the cornerstone of an agricultural strategy
aimed at reviving the agricultural sector and re-establishing pro-poor growth in
Uganda.
Increasing agricultural growth to meet its target will require additional investment in the sector as well as improvements in the efficiency of public spending. To
achieve and sustain the targeted 6 percent agricultural growth, spending on agriculture would have to grow by 23 percent per year. Thus, the government will need to
allocate at least 15 percent of its total budgetary resources to the agricultural sector
by 2015. However, this spending scenario assumes that the government is able to
invest more efficiently and is able to realize about a 0.4 percent increase in agricultural GDP for every 1.0 percent increase in its total agricultural spending. If this is
not the case and the government is only able to achieve a more modest return on
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its spending (for example, 0.15 percent increase in agricultural GDP for every 1.00
percent increase in its total agricultural spending), then public spending on agriculture in Uganda would have to grow at 35 percent per year to reach the growth target.
The government would then have to allocate about one-third of its total budget to
the agricultural sector. Thus, it is important that the government not only meet and
exceed a 10 percent agricultural spending target but also greatly improve the efficiency of its agricultural investments. Doing so will assist the country in achieving
its agricultural and rural development growth objectives and thereby substantially
reduce the number of poor people living below the poverty line in Uganda.
Appendix

Table 10A.1—Growth and poverty trends in Uganda
Value
Indicator
Population (thousands)
Rural share (percent)
Poverty rate (percent)
Rural
Urban
Poor population (thousands)
Rural
Urban
Per capita GDP (US$ purchasing
power parity)
Agriculture
Cash or export crops
Foodcrops
Other subsectors
Nonagriculture
Poverty–growth elasticity
Rural
Urban

Annual growth rate (percent)

1993

2000

2006

1993–2000

2000–06

1993–2006

19,870
88.5
55.7
59.7
27.8
11,068
10,503
565
502

24,690
87.9
33.8
37.4
9.6
8,345
8,117
229
653

29,899
87.3
31.1
34.3
13.8
9,299
8,949
350
747

3.2

3.2

3.2

–4.0
–3.6
–12.1
3.8

1.8
1.6
7.3
2.3

–1.3
–1.2
–3.6
3.1

241
19
164
32
261

266
27
178
33
387

243
23
158
33
504

1.4
4.8
1.2
0.8
5.8
–1.8
–1.7
–3.7

–1.5
–2.7
–2.0
–0.2
4.5
–0.6
–0.6
2.7

0.0
1.3
–0.3
0.4
5.2
–1.4
–1.3
–1.7

Sources: Author’s calculations using population data from World Bank (2010); poverty rates from Okidi et al. (2005) and
Uganda, BOS (2008a); and GDP estimates from Uganda, BOS (2008b).
Notes: Poverty estimates are from national surveys for 1992/93, 1999/2000, and 2005/06. Rural and urban poverty lines in
2005/06 were US$121 and US$136 per person per year, respectively. Poverty–growth elasticity is the ratio of the annual percentage change in the poverty rate to the annual percentage change in total GDP. GDP = gross domestic product. Blank cells =
not applicable.
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Table 10A.2—Structure of the Ugandan social accounting matrix
Agricultural sectors

Industrial sectors

Service sectors

Factors

Households

Maize; rice; millet; sorghum; cassava; Irish potatoes; sweet potatoes; vegetables; fruits
(for example, passionfruits, other tree crops, and sweet bananas); oilseeds (such as
simsim, sunflower seeds, and groundnuts); beans (such as cowpeas and soybeans);
matoke (plantains and food bananas); cotton; tobacco; coffee; leaf tea; other export
crops (tea, cocoa, and vanilla); cattle; poultry; other livestock (for example, sheep,
goats, and pigs); forestry; fisheries
Mining; meat processing; fish processing; other food processing; grain milling; animal
feed processing; beverages and tobacco; textiles and clothing; wood and paper
products; fuels; chemicals; fertilizer; other manufacturing; machinery and equipment;
furniture; utilities; construction
Trade services; hotels and catering; transport; communications; financial and banking
services; real estate; other private services; research and development; public
administration; education; health; community services
Self-employed farmworkers (by farm type); unskilled workers (working both on and
off farm); skilled nonfarm workers; agricultural land (by farm type); nonagricultural
capital
Farm by type
Rural: 6 farm types based on high-value crops and maize production and 12 subtypes based on cattle production
Urban: 1 farm type and 2 subtypes based on cattle production
Nonfarm by location
Rural; Kampala; and other urban

Source: Author’s representation of Uganda’s economy.

UGANDA

313

Table 10A.3—Values of parameters used in public investment simulations
Quantity, growth rate, and elasticity

Baseline value

Annual average agricultural GDP growth rate target, θ̂ag
GDP in base period (2005 UGX billion)
Agriculture, Qag
Nonagriculture, Qnag
Annual average growth rate in GDP in base scenario (percent)
Agriculture, Q̇ag
Nonagriculture, Q̇nag
Amount expenditures in base period in constant prices (2005 UGX billion)
Agriculture or PAE, Eag
Nonagriculture or PNE, Enag
Annual average growth rate in expenditures in base scenario (percent)
Agriculture, Ėag (growth due to PAE only)
Nonagriculture, Ėnag (including faster PNE growth)

6.0
4,283.9
12,225.9
2.84
6.32
192.7
3,535.8
14.8
9.0

Low
value

High
value

Elasticity of agricultural GDP with respect to PAE, εQE

0.150

0.370

Elasticity of agricultural GDP with respect to PNE, εQE

0.083

0.178

Elasticity of agricultural GDP with respect to interaction of PAE and PNE, ΦQag,nag

0.00

0.00

Elasticity
ag
nag

Sources: Authors’ model specification and assumptions based on their literature review of elasticities; data from
IFPRI (2010) and Uganda, BOS (2010); and the Ugandan dynamic computable general equilibrium model results.
Notes: GDP = gross domestic product. PAE = public agricultural expenditure. PNE = public nonagricultural expenditure. UGX = Ugandan shillings.
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Chapter 11

Zambia
James Thurlow, Samuel Benin, Xinshen Diao,
Henrietta Kalinda, and Thomson Kalinda

Z

ambia was classified as a middle-income country after it gained independence
in the 1960s. However, the economy deteriorated into low-income status over
the next two decades, culminating in a major macroeconomic crisis in the
late 1980s (World Bank 2010). The 1990s marked the advent of painful structural
reforms, during which the state’s ubiquitous interventions were removed and markets were liberalized. Comprehensive agricultural reforms entailed the removal of
food and input subsidies and pan-territorial maize pricing (McCulloch, Baulch, and
Cherel-Robson 2001). In many parts of the country these reforms led to a reallocation of productive resources away from maize and to more naturally suitable crops
(for example, cassava in Northern Province) (Zulu et al. 2000). Eventually, liberalization encouraged the emergence of new export crops, such as cotton, which is now
grown by one-fifth of all farm households (Jayne et al. 2007) and is credited with
having reduced poverty in Eastern Province (see McCulloch et al. 2001). However,
the reforms were not universally beneficial and did not address all constraints facing
smallholders (Seshamani 1999).
Macrostability was achieved by the mid-1990s, and Zambia became one of the
most liberalized countries in Africa (Thurlow and Wobst 2006). However, there
remained major constraints to poverty reduction. For example, total gross domestic
product (GDP) grew at more than 4 percent per year during 1996–2006. However,
this growth was driven by mining and services—agriculture expanded at only 1
percent per year. This rate was well below the population growth rate of 2.5 percent,
implying a decline in agricultural GDP per capita. As a result only modest reductions in poverty took place (Zulu et al. 2000). The national poverty headcount rate
fell from 68 percent to 59 percent during 1996–2006, with much smaller reduc-
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tions in rural areas (Zambia, CSO 2010). An unbalanced growth path, particularly
the stagnation of agriculture, explains the weak relationship between poverty reduction and economic growth in Zambia (Thurlow and Wobst 2006). Moreover, recent
growth trends suggest that the situation is worsening, with agriculture growth falling
even further in 2006–09. Without a pronounced acceleration of agricultural growth,
it is unlikely that Zambia will reduce national poverty in any meaningful way.
Raising agricultural growth in Zambia poses a significant challenge, not least
because of long-standing underinvestment in the sector (Govereh et al. 2006).
This is confirmed by empirical studies, which identify the constraints facing farmers. These impediments include a lack of rural infrastructure, particularly feeder
roads (Coulter and Onumah, 2002; Jayne et al. 2003); an inadequate research
and development (R&D) and extension system (Bezuneha, Amesb, and MabbsZenoc 1995; Elliot and Perrault 2006); and low or unprofitable use of fertilizers
and improved seeds (Phiri et al. 2004; Jayne et al. 2007). This situation is admittedly compounded by external factors, such as high climate variability and weather
shocks (Thurlow, Zhu, and Diao 2009), widespread HIV/AIDS, especially in
rural areas (Barnett et al. 1995; Wiegers et al. 2006); and a “Dutch disease” that
limits diversification away from copper exports (Breisinger and Thurlow 2008).
Implementing policies and investments to address these constraints is necessary
to reverse the declining trends in agricultural growth and enhance the country’s
ability to reduce poverty.
In this chapter we develop a recursive dynamic computable general equilibrium
(DCGE) model for Zambia (based on the one described in Chapter 2 of this volume). We use the model to evaluate the national growth and poverty implications
of alternative agricultural growth scenarios. More specifically, we consider what
would be required to reach the 6 percent agricultural growth target that Zambia
committed to under the Comprehensive Africa Agriculture Development
Programme (CAADP). We also contrast the effectiveness of growth in different
agricultural subsectors in reducing poverty and generating economywide growth.
This study allows us to prioritize subsectors for investment. Finally, we estimate the
cost to the public sector of accelerating agricultural growth and compare it to
Zambia’s commitment under the CAADP to allocate at least 10 percent of public
resources to agriculture.
The chapter proceeds as follows. We first review the structure of the agricultural
sector using a farm typology. We then describe the DCGE model and the data used
to calibrate it. Results are presented for the baseline and accelerated agricultural
growth scenarios, and for the agricultural investment analysis. The final section
summarizes our findings and their implications for future agricultural growth strategies in Zambia.
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Agriculture in Zambia

Agriculture is Zambia’s main economic sector. It generates one-fifth of total GDP
and exports, and it employs four-fifths of the population. Zambia is a large and
land-abundant country, and its favorable agroecological conditions permit the growing of a wide range of crops and livestock. Accordingly, cropping patterns vary
widely across subnational regions. Given this diversity, we develop a farm typology
based on the agricultural activities that farmers engage in. The typology is used to
describe the structure of the agricultural sector and to calibrate the DCGE model.
Zambia is normally divided into four agroecological zones. Zone 1 covers most
of Southern Province and parts of Lusaka and Eastern Provinces. Zone 2a covers
Central Province and most of Eastern Province, and Zone 2b consists of almost all
of Western Province. Finally, Zone 3, which is the largest one in terms of geographic
size, includes Copperbelt, Northwestern, Luapula, and Northern Provinces. The
typology captures differences in cropping patterns among farmers in each of these
zones. Information on crop production was drawn from the 2004 Living Conditions
Monitoring Survey (LCMS4) (Zambia, CSO 2005). Participants in the survey were
asked whether their household engaged in crop production and how much of their
agricultural land was devoted to producing different crops. The aim of the farm
typology is to group farmers according to the crops they produce, which reflects
differences in their agroecological conditions, technologies used, and marketing
constraints and opportunities.
According to the survey, 1.12 million rural households reported agricultural
crop incomes in 2004. This number is shown in the top left box in Figure 11.1,
which presents the general structure of the typology for all rural households engaged
in crop production. At this stage it excludes urban and nonfarm households.
We first separate out farm households that reported producing high-value
crops, such as cotton, tobacco, sunflower seeds, and flowers. In 2004, 199,382 farm
households produced these export-oriented crops (about one out of every six rural
farm households). Although not shown in the figure, most households producing
high-value crops also grew maize, but very few of them engaged in root crop production. Because maize and roots are the most widespread crops in Zambia and most
farm households growing high-value crops have broadly similar cropping patterns,
we group all households growing high-value crops into a single group or farm type,
namely, “Farm type 1: high-value crops” (T1). As shown in Table 11.1, farm households growing high-value crops tend to harvest larger land areas (2.62 hectares
compared to a national average of 1.47 hectares). Despite the importance of highvalue crops in generating agricultural incomes, these farm households devote more
of their land to foodcrops. They also have higher than average maize yields (1.29
metric tons per hectare, or mt/ha) and plant a larger share of their maize land with
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Figure 11.1—Farm typology structure for rural agricultural households
Crop producers
1,121,004

Roots
286,266

Maize
755,383

High-value crops
199,382

Farm type 1 (T1):
High-value crops

Other foodcrops
153,171

Farm type 5 (T5):
Maize, roots, and
other foodcrops

No other foodcrops Farm type 4 (T4):
Maize and
133,094
roots only
Other foodcrops
139,362

No roots
469,118
No high-value crops
921,622

Farm type 3 (T3):
Maize and other
foodcrops only

No other foodcrops Farm type 2 (T2):
329,756
Maize only

Roots
72,117

Farm type 6 (T6):
Roots only

Other foodcrops
94,122

Farm type 7 (T7):
Roots and
other foodcrops

No maize
166,238

Source: Authors’ calculations based on Zambia, CSO (2005).
Notes: High-value crops are export crops (for example, cotton and sugarcane); other foodcrops are
nonmaize and nonroot staples (for example, beans and groundnuts). The numbers in the boxes are the
number of households engaged in the indicated farming activity.

hybrid seeds (39.6 percent). The sharp distinction between the cropping patterns
and yields of this farm type versus the others supports its choice as a separate farm
type.
As shown in Figure 11.1, there is more diversity in cropping patterns among
the 921,622 rural farm households that do not grow high-value crops. Most
of these households grow either maize or root crops. Almost one-third of rural
farm households in LCMS4 grew maize only and did not grow other kinds of
crops. We choose this large group as the second type of farm households: “Farm
type 2: maize only” (T2). Far fewer households produce only root crops: “Farm type
6: roots only” (T6).
Table 11.1 shows that the “Maize only” (T2) and “Roots only” (T6) farm
groups engage in a narrower range of cropping activities than the other groups and

1.08

0.82
0.08
0.15
0.03
41.1

1.19
1.01
1.45
1.06
0.67
1.83

1.47

0.92
0.20
0.20
0.16
38.7

1.10
0.90
1.40
0.87
0.57
1.75

3,077
626
4.91

Nonfarm

1.29
1.12
1.55
0.79
0.46
1.88

1.24
0.07
0.27
1.03
39.6

2.62

1,170
199
6.06
506

Highvalue
(T1)

0.90
0.71
1.16

41.8

1.09

1.09

1,664
330
5.05
360

Maize
only
(T2)

1.29
0.97
1.74
0.74
0.67

41.7

0.53

1.23

1.77

776
139
5.58
246

Maize
and
other
foods
(T3)

1.65

0.88
0.79
1.13

24.6

0.76
0.49

1.25

700
133
5.26
166

Maize
and
roots
only
(T4)

1.12
0.95
1.47
0.88
0.67
1.65

32.4

0.94
0.61
0.41

1.95

870
153
5.68
299

Maize,
roots,
and
other
foods
(T5)

Farm type (crops grown)

1.76

0.54

0.54

322
72
4.46
39

Roots
only
(T6)

Rural

0.96
0.38
2.06

0.23
0.42
0.40

1.05

466
94
4.94
99

Roots
and
other
foods
(T7)
724
172
4.22

Nonfarm

0.99
0.86
1.28
0.88
0.57
1.82

0.73
0.21
0.14
0.12
30.2

1.21

5,633
1,074
5.24
1,299

Smallscale
(<5 ha)

1.35
1.03
1.55
0.74
0.44
1.13

6.19
0.71
1.76
1.66
62.5

10.32

336
40
8.33
416

Largescale
(>5 ha)
(T9)

Source: Authors’ calculations using Zambia, CSO (2005), and Zambia, MACO (2007a).
Notes: Examples of high-value crops are cotton and sugarcane; other foods include millet, sorghum, rice, beans, mixed beans, soybeans, and groundnuts. ha = hectares. Blank cells = not
applicable.

1,220
196
6.21
212

10,989
2,109
5.21
1,927

Population (thousands)
Number of households
Household size
Total area harvested
(thousand ha)
Average area harvested per
farm household (ha)
Cereals
Root crops
Other foodcrops
High-value crops
Share of maize land using hybrid
seeds (percent)
Selected foodcrop yields (mt/ha)
Maize
Local seeds
Hybrid seeds
Millet
Sorghum
Cassava

Farm
(T8)

National

Indicator

Urban

Table 11.1—Land and population characteristics across farm types
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tend to have relatively small landholdings (1.09 and 0.54 hectares on average,
respectively). Furthermore, although the maize only group plants a higher than
average share of their land in hybrid seeds, their maize yields are far below the
national average. Again, the differences between these and other groups confirm
their separation in the typology.
Although Figure 11.1 shows seven rural farm household types, it does not show
urban agriculturalists. This group can be seen in Table 11.1. Urban agriculture is an
important part of the sector, comprising about 196,300 households and 1.22 million individuals (11.1 percent of Zambia’s total population). Urban farmers tend to
have larger households than do rural farmers (6.2 individuals per household),
although urban plot sizes are smaller than the national average (1.08 hectares).
Urban crop yields are consistently above average, and a larger share of urban maize
land is planted using hybrid seeds (41.1 percent). Very little urban agricultural land
is devoted to high-value crops (about 3 percent), with almost all land allocated to
either cereals (76 percent, mostly maize) or other foodcrops (14 percent).
The typology also distinguishes between small- and large-scale farm households (see final two columns of Table 11.1). Consistent with official reports, we
define small-scale farmers as those harvesting less than 5 hectares of land, whereas
large-scale farmers are those harvesting more than 5 hectares. Average smallholder
plots measure 1.21 hectares; the average plot for large-scale farmers is substantially
higher (10.32 hectares). Although the roughly 40,000 large-scale rural farmers
captured in LCMS4 amount to only 3.5 percent of farm households in Zambia,
they account for one-quarter of rural agricultural land and more than one-third
of rural land allocated to high-value export-oriented crops. Large-scale farmers
also have high maize yields due, in part, to their higher adoption of hybrid seeds.
As mentioned earlier, there is considerable heterogeneity in agricultural production across subnational regions. The importance of the different farm types in
each of these regions is shown in Table 11A.1 in the appendix to this chapter.
Most rural farm households are in the large Zones 2a and 3 (in the northern and
eastern parts of the country). Export-crop production is highly concentrated,
with more than 88.5 percent of households in the high-value group (T1) situated
in Zone 2a (near the capital city of Lusaka). Root crops are less important than
maize at the national level, but they are the dominant foodcrop in Zone 3, which
is home to about 80 percent of all households in the roots only (T6) and roots
and other foodcrops groups (T7). Maize is an especially important crop for urban
and Zone 1 farm households, with 59.3 percent of Zone 1 households growing
only maize. High-value export-oriented crops are particularly important for largescale farmers. These regional concentrations of production underscore the importance of using spatial and typological disaggregation in the agricultural sector.
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The Zambian DCGE Model

The DCGE model for Zambia includes 34 subsectors, half of which are in agriculture. A complete list of the sectors (and other accounts) is provided in Table 11A.2
in the appendix to this chapter, and the model’s specification is described in Chapter
2 of this volume. In the Zambia model, agricultural production in rural areas is
disaggregated according to the four agroecological zones. Although nonagricultural
activities dominate the urban economy, agricultural production, particularly perishable products supplying urban consumers, exists in urban areas. We therefore disaggregate two urban agricultural sectors, namely, metropolitan and other urban
agriculture. Finally, crop production in each zone is further disaggregated into smalland large-scale farming groups. Information on crop production in each zone was
drawn from LCMS4 (Zambia, CSO 2005).
The data used to calibrate the base year of the model are drawn from a variety
of data sources. The core dataset underlying the DCGE model is a 2004 social
accounting matrix (SAM) constructed for this study using information from national accounts, trade data, and balance-of-payments information from the Central
Statistical Office (Zambia, CSO 2007a, 2007b). District-level agricultural production and price data were provided by the Ministry of Agriculture and Cooperatives
(Zambia, MACO 2007a). When production information was unavailable for certain crops (for example, horticulture), information was taken from FAO (2007).
Agricultural production was first disaggregated across regions by mapping districts
to the four agroecological regions. Production was then disaggregated across farm
types using information from the LCMS4 (Zambia, CSO 2005). The DCGE
model is therefore consistent with official agricultural production levels and yields
at the zonal level, but it retains the within-region distribution of production captured in the survey. Nonagricultural production and employment data were compiled from LCMS4, national accounts, and World Bank (2010). On the demand
side, information on industrial technologies (for example, intermediate and factor
demand) was taken from an earlier SAM for Zambia (Thurlow, Robinson, and
Evans 2005); the income and expenditure patterns for household groups are from
LCMS4.
Baseline Growth Scenario

We first construct a baseline scenario for 2005–15 by drawing on recent production
trends for individual subsectors (Zambia, CSO 2007a; Zambia, MACO 2007a).
We assume that the nonagricultural subsectors maintain their long-term performance trends. However, in the baseline scenario, agricultural GDP grows at an
average of 2.5 percent per year, which is slightly higher than what was observed
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Table 11.2—Economic growth in model scenarios (percent)
Sector share of total GDP

Sector
Total GDP
Agriculture
Cereals
Root crops
Other foodcrops
High-value crops
Livestock
Forestry
Fisheries
Mining
Manufacturing
Processing
Other industry
Services

Total GDP,
2004
100.0
20.5
5.5
1.9
3.8
3.5
3.1
1.6
1.2
10.8
13.0
11.5
7.7
27.5

Agricultural
GDP,
2004

Annual growth
Baseline
scenario,
2005–15

Agriculture
scenario,
2005–15

4.56
2.53
1.78
2.08
0.84
3.20
4.26
3.46
3.12
6.36
3.90
3.90
5.38
4.66

5.34
6.09
4.92
5.54
4.80
9.13
6.05
6.93
4.62
6.19
4.66
4.84
5.61
4.70

100.0
26.9
9.1
18.4
16.8
15.2
7.7
5.8

Source: The Zambian dynamic computable general equilibrium model results.
Notes: GDP = gross domestic product. Blank cells = not applicable.

during 1996–2006 (Table 11.2). The baseline agricultural growth rate is the result
of detailed assumptions about individual subsectors. Table 11.3 shows each subsector’s yield growth. Taking maize as an example, the baseline scenario assumes that
maize yields grow at 0.67 percent during 2004–15, so that Zambia achieves a yield
of 1.52 mt/ha by 2015.
Combining all assumptions at the subsector level produces an average annual
total GDP growth rate of 4.6 percent during 2004–15. As mentioned earlier, this
value is slightly higher but still reasonably consistent with growth trends during
1996–2006. With population growth at 2 percent per year (which is slower than in
the 1990s because of HIV/AIDS), per capita GDP grows at 2.6 percent. This
growth causes a modest decline in the national poverty headcount rate from 67.9
percent in 2004 to 57.7 percent in 2015 (Figure 11.2). The changes in poverty and
GDP are consistent with what was observed during 1996–2006, when similar
economic growth rate led to a similar reduction in national poverty.
The modest reduction in poverty and the expanding population imply that
the absolute number of poor people rises in the baseline from 7.43 to 7.85 million
during 2004–15. Furthermore, stronger growth in the nonagricultural sectors
means that national income growth is biased toward urban households. Accordingly,
although urban poverty falls from 52.8 to 36.2 percent by 2015, rural poverty

2.00
1.00
1.74
8.98

0.77
0.64
8.57
7.83

1.09
119.67
2.21
4.86

2.04
0.40
1.61
1.84

1.65
1.36
0.95
0.76

7.74
7.05
7.42
5.76

2.57
3.83
3.18
2.12

3.47
4.01
3.92
4.13

Target
Target
level,
growth,
2015
2005–15
(mt/ha) (percent)

0.67
0.19
0.85
0.66

Baseline
growth,
2004–15
(percent)

41
1,453
5
14

31
36
199
84

763
50
121
957

3.90
3.59
3.17
2.98

–4.25
3.21
1.16
–0.27

2.84
3.17
–3.28
2.47

Initial
Baseline
level,
growth,
2004
2004–15
(thousand mt) (percent)

108
3,571
11
29

40
62
331
123

1,226
80
207
1,646

Target
level,
2015
(thousand mt)

Production quantityb

10.11
9.41
9.78
8.09

2.67
5.45
5.24
3.93

4.86
4.86
5.55
5.57

Target
growth,
2004–15
(percent)

6.9
2.1
0.4
0.4

4.4
7.1
2.7
1.1

46.1
6.4
8.7
13.7

7.4
2.2
0.4
0.5

2.0
8.1
2.3
0.8

49.6
7.4
5.0
14.3

Initial Baseline
share, share,
2004
2015

7.4
2.2
0.4
0.5

3.9
7.2
2.9
1.2

45.8
6.0
8.9
13.7

Target
share,
2015

Harvested land areab
(percent)

Source: Authors’ calculations using production data from Zambia, MACO (2007a), and the Zambian dynamic computable general equilibrium model results.
Note: mt = metric tons. mt / ha = metric tons per hectare.
a
Values are exogenous to the model.
b
Values are endogenous within the model.

Cereals
Maize
1.42
Sorghum and millet 0.67
Other cereals
1.19
Root crops
5.99
Horticulture
Pulses and oilseeds 0.60
Groundnuts
0.44
Vegetables
6.27
Fruits
6.35
High-value crops
Cotton
0.52
Sugarcane
60.55
Tobacco
1.08
Other crops
2.77

Sector

Initial
level,
2004
(mt/ha)

Crop yielda

Table 11.3—Crop production targets and growth rates in model scenarios
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Figure 11.2—National poverty rates under model scenarios
Percent
70
65
60
55
50
45

Baseline scenario
CAADP scenario
MDG scenario

40
35

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

Source: The Zambian dynamic computable general equilibrium model results.
Note: CAADP = Comprehensive Africa Agriculture Development Programme. MDG = Millennium
Development Goal.

declines from 77.6 to 71.5 percent during the same period. Zambia must therefore
accelerate growth and poverty reduction, especially in rural areas, if the country is
to come close to achieving the first Millennium Development Goal (MDG) of
halving its 1991 poverty rate by 2015.
Accelerated Growth Scenarios
Impacts on Agricultural and National Growth

The 2.5 percent agricultural growth rate in the baseline suggests that reaching and
sustaining the 6 percent growth target committed to under the CAADP will pose a
major challenge for Zambia. Together with the Ministry of Agriculture and
Cooperatives, we designed an accelerated growth scenario for Zambia so as to identify the yield gains that would be needed to achieve the CAADP objective. Additional
growth was modeled through productivity improvements. For crops, this modeling
involved increasing yields to achieve a reasonable reduction in the gap between current and potential yields by 2015. Maximum potential yields for different parts
of the country are shown in Table 11.4 and were taken from field trials made by
Zambia’s Agricultural Research Institute (Zambia, MACO 2007b).
Although these potential yields may be achievable for some farmers in favorable
agroecological zones, it is unrealistic to expect that the full yield gap will be closed

ZAMBIA

327

Table 11.4—Crop yields in model scenarios and field trials (metric tons
per hectare)
Modeled yield

Crop / zone
Maize
Zone 1
Zone 2
Zone 3
Sorghum
Zone 1
Zone 2
Zone 3
Rice
Groundnuts
Zone 1
Zone 2
Zone 3
Cassavaa
Sweet potatoes

Initial yield,
2004

Baseline
scenario,
2015

Agriculture
scenario,
2015

1.42
1.27
1.34
1.47
0.67
0.42
0.58
0.81
1.07
0.44
0.35
0.46
0.41
5.17
14.18

1.52
1.32
1.44
1.56
0.69
0.42
0.60
0.83
1.16
0.46
0.36
0.48
0.43
5.52
15.15

2.00
1.83
1.86
2.12
1.00
0.63
0.83
1.21
1.57
0.64
0.52
0.67
0.61
7.75
21.25

Yield range
from field trials
3.0–4.5
3.0–10.0
7.5–10.0
2.0–10.0
2.0–10.0
2.0–10.0
4.0
0.5–1.0
0.8–2.5
1.0–2.5
7.0–10.0
27.5–37.0

Source: Authors’ calculations using Zambia, MACO (2007b), and the Zambian dynamic computable general
equilibrium model results.
Notes: Yield ranges begin with traditional, low-input practices and end with high-input, recommended practices.
Blank cells = not applicable.
a
Cassava potentials are dryweight values.

throughout the country. Therefore, taking maize as an example, the baseline scenario assumes that average yields would remain relatively constant between 1.42–
1.52 mt/ha over the next 10 years. However, the Agriculture scenario allows faster
(3.5 percent) growth per year for maize yields, which causes national average yields
to reach 2 mt/ha by 2015. Although this value is still well below the potential yields
identified by field trials—which range from 3 to 10 tons per hectare, depending on
seed types and agroecological conditions—the simulated growth rate is already very
ambitious.
Impacts on Household Incomes and Poverty

Accelerating agricultural growth to 6 percent per year causes the national poverty
rate to decline by a further 5.8 percentage points. This drop is reflected in Figure
11.2, which shows the share of the poor population falling to 51.9 percent by 2015
in the Agriculture scenario compared to 57.7 percent in the baseline scenario. Thus,
taking population growth into account, achieving 6 percent agricultural growth lifts
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an additional 780,000 people above the poverty line by 2015, and it is sufficient to
reverse current trends by reducing the absolute number of poor people in Zambia.
Food security would also improve, with annual average per capita cereal consumption rising from 81.2 kilograms in 2015 in the baseline and to 93.1 kilograms in
the Agriculture scenario. Finally, although Zambia’s dependence on imported cereals
is not eliminated, accelerating agricultural growth greatly reduces the country’s trade
deficit for foodcrops.
Not all households will benefit equally when crop yields and subsector growth
rates increase in the Agriculture scenario. Larger-scale and urban farms benefit more
from additional maize and high-value crop production in this scenario, because
high-value crops are typically grown on large-scale farms and maize is a particularly
important crop for urban households. This result can be seen in Figure 11.3, which
shows the contribution of growth in different subsectors to changes in the value of
production. The figure highlights the importance of growth led by export crops in
determining production growth for certain farm types. Export crops generate onethird of additional production at the national level and most of the production
growth for farmers growing high-value crops (groups T1 and T9).
With the exception of export-crop producers, most small-scale farms benefit
equally in the Agriculture scenario. However, despite this even distribution of benefits, Figure 11.3 indicates that the sources of additional production vary dramatically
across smallholder farm types. Not surprisingly, households that are more dependent
on maize and root crops tend to benefit more from growth driven by cereals and
root crops, respectively. However, there are two forces driving changes in overall
production: direct and indirect effects of subsector-specific yield improvements.
Increasing yield has a direct effect on farm incomes, because it increases the quantity
of output that a farm household can produce using the same quantity of factor inputs.
However, increased production faces demand and market constraints, as prices typically fall following increases in yields. Thus, the direct impact of crop-yield improvements for a specific farm household is its net effect on crop production weighted by
the share of the household’s land allocated to producing that crop. This direct effect
therefore assumes that land allocations remain fixed. However, farmers may reallocate
land in response to changes in relative prices, meaning that the indirect impact of
crop-yield improvement is the potentially positive impact of reallocating land to
other crops. The DCGE model captures both direct and the indirect effects.
Table 11.5 shows changes in household incomes and poverty rates for different
farm types and household groups. Small-scale rural farmers benefit by at least as
much as urban households in the Agriculture scenario. Per capita household incomes
for rural households grow by an additional 2.2 percentage points per year compared
to 1.95 percentage points for urban households (see Table 11.5). This increase is also
reflected in changes in poverty; rural poverty declines by an additional 6.4 percent-
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Figure 11.3—Sources of additional production growth by farm type
Percent
Forestry
Fisheries

6.0

Livestock
Export crops

Other foodcrops
Roots

Cereals

5.0
4.0
3.0
2.0
1.0

Urban farm

Large-scale farm

Roots and other foodcrops

Roots only

Maize, roots, and other foodcrops

Maize and roots only

Maize and other foodcrops

Maize only

High-value crops

Small-scale farm

Rural farm

⫺1.0

National

0.0

Source: The Zambian dynamic computable general equilibrium model results.
Notes: Real production growth is over and above the baseline scenario growth. The sector indicated is
the one driving growth in the scenario.

age points, whereas urban poverty declines by 4.8 percentage points. Therefore,
accelerating agricultural growth in the Agriculture scenario not only increases poverty reduction in both urban and rural areas, but it also helps correct some of the
urban bias in Zambia’s historical growth path. This correction is, however, driven
by strong rural income growth in certain parts of the country. Household incomes
in Zones 1 and 2a benefit more than households in Zones 2b and 3.
Differences in regional outcomes can be explained by considering the sources
of income growth across the household groups. Figure 11.4 shows that additional
household incomes in Zones 1 and 2a are driven by growth in export crops. For
example, more than half of additional incomes in Zone 2a come from such growth.
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Table 11.5—Household incomes and poverty in model scenarios
Income

Per capita
income,
2004 (ZMK
thousand)

Region

National
Urban
Farm
Nonfarm
Rural
Farm: Zone 1
Farm: Zone 2a
Farm: Zone 2b
Farm: Zone 3
Nonfarm

Poverty

Annual growth
(percent)
Baseline
scenario,
2004–15

1,860
3,445
2,788
3,703
832
1,128
754
634
652
1,626

1.9
2.1
1.5
2.3
1.3
1.2
1.0
1.1
1.3
1.7

Final poverty rate
(percent)

Change
Poverty
Agriculture
2004–15
rate,
Baseline
scenario, (percentage
2004
scenario,
2004–15
points)
(percent)
2015
3.9
4.1
3.6
4.2
3.5
3.8
3.8
3.2
2.8
3.8

2.0
2.0
2.1
1.9
2.2
2.6
2.8
2.1
1.5
2.0

67.9
52.8
64.8
48.3
77.6
76.8
77.3
85.1
77.7
74.7

57.7
36.2
51.5
30.4
71.5
69.1
71.9
82.3
71.6
65.0

Change
Agriculture
2004–15
scenario, (percentage
2015
points)
51.9
31.5
45.2
26.2
65.1
64.0
63.8
76.4
66.0
60.5

–5.8
–4.8
–6.3
–4.2
–6.4
–5.1
–8.1
–5.9
–5.6
–4.5

Source: The Zambian dynamic computable general equilibrium model results.
Note: ZMK = Zambian kwachas.

Figure 11.4—Sources of additional per capita income growth by farm type
Percent
Forestry
Fisheries

3.5

Livestock
Export crops

Cereals

Other foodcrops
Roots

3.0
2.5
2.0
1.5
1.0
0.5
0.0

Nonfarm

Zone 3

Zone 2b

Zone 2a

Zone 1

Rural

Nonfarm

Farm

Urban

National

⫺0.5

Source: The Zambian dynamic computable general equilibrium model results.
Notes: Income growth is over and above the baseline scenario growth. The sector indicated is the one
driving growth in the scenario.

ZAMBIA

331

This is because households in these southern zones have better access to markets,
major transport routes, and urban centers; they are thus better positioned to benefit
from export-led growth. In contrast, households in northern Zone 3 benefit more
from growth in root crops, which is not surprising, given the importance of these
crops for farmers in this region.
Overall, the model results indicate that it is possible for Zambia to reach the
CAADP target of 6 percent agricultural growth per year. However, given the current
poor performance of the agricultural sector, achieving that growth target will require
additional growth in all crops and subsectors. Thus, Zambia cannot rely on only
maize or high-value export crops to achieve the aggregate agricultural growth targets.
If the above-described crop- and subsector-level targets can be achieved, then the
resulting broader-based agricultural growth is likely to benefit households in both
rural and urban areas. However, the high growth potential of specific export crops
and better market conditions in certain parts of the country may cause uneven
income growth and poverty reduction.
Subsector Growth Contributions to Poverty Reduction

The above findings highlight the potential contributions of different crops and
subsectors in increasing agricultural growth and reducing poverty. However, the
different sizes of these subsectors make it difficult to compare the effectiveness of
sectoral growth in reducing poverty. Understanding how poverty–growth linkages
vary at the subsector and household levels is important for designing pro-poor
growth strategies. Hence, we calculate poverty–growth elasticities that allow us to
compare the pro-poorness of growth driven by different subsectors. These elasticities
are endogenous outcomes of the model. Each scenario allows productivity growth
to occur only for a specific group of crops or subsectors. We increase productivity
in these sectors to achieve the same absolute increase in total GDP as in the
Agriculture scenario. Thus, small sectors have to grow faster than larger ones
to achieve the same effect on national GDP. However, even though the growth effect
is the same for each crop, the effect on poverty can be different because of economywide linkages and the heterogeneity of income sources across household groups. For
example, some households may have better opportunities to produce high-value
export commodities and are thus better positioned to benefit from export agriculture. However, households producing export crops are often less poor than other
rural households. Thus, agricultural growth driven by export crops may have less
impact on poverty, especially among the poorest households. In contrast, foodcrops
tend to be a more important source of agricultural incomes for poorer households
in more remote areas of the country. Thus, growth in foodcrops is expected to be
more effective at reducing poverty than is similar growth in export crops.
The poverty–growth elasticity used in this study measures the responsiveness
of the poverty rate to changes in per capita agricultural GDP growth. Table 11.6
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Table 11.6—Poverty–growth elasticities in subsector model scenarios
Elasticity

Sector driving growth
Agriculture scenario
Cereals
Roots
Other foodcrops
High-value crops
Livestock
Fisheries
Forestry

Poverty rate
(P0)

Poverty gap
(P1)

Squared
poverty gap
(P2)

–0.288
–0.271
–0.332
–0.184
–0.247
–0.185
–0.213
–0.217

–0.444
–0.378
–0.540
–0.307
–0.473
–0.201
–0.286
–0.332

–0.536
–0.451
–0.653
–0.376
–0.601
–0.214
–0.320
–0.414

Source: The Zambian dynamic computable general equilibrium model results.
Notes: The poverty gap is the extent, measured as a proportion of the poverty line, to which a given group of poor
people’s consumption level falls below the poverty line. The squared poverty gap is the average of the squared
values of the poverty gaps for different groups of poor people.

shows the calculated poverty–growth elasticities in the different growth scenarios.
The first finding is that, in general, the elasticities are fairly low, regardless of which
subsector leads economic growth. A 1 percent increase in per capita GDP is associated with only 0.2–0.3 percent decline in the national poverty rate (P0 in Table
11.6). Such a modest poverty response reflects the unique (and highly unequal)
income distribution in Zambia. Because of this high inequality, many poor people
live at income levels far below the poverty line. Thus, a modest 1 percent acceleration in growth is unlikely to help these people move out of poverty. For this reason,
we also report the growth impact on the poverty gap (P1) and squared poverty gap
(P2), which show a stronger response to growth.
We now evaluate the poverty response of growth led by different subsectors.
The results indicate that growth driven by productivity improvements in root crops
or cereals is more effective in reducing poverty than growth driven by other subsectors. For example, a 1 percent increase in per capita GDP led by maize productivity growth causes the national poverty rate to fall by 0.27 percent, whereas growth
led by other cereals, such as wheat and barley, causes the poverty rate to decline by
only 0.18 percent. This result is consistent with the importance of maize for poor
households in Zambia, as maize is a major source of income for many poor rural
households and an important staple item for both rural and urban consumers. Root
crops are particularly effective at reducing the severity of poverty among the poorest
households, as reflected by higher elasticities for the poverty gap (or depth of poverty) and squared poverty gap (or severity of poverty).
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An alternative representation of poverty-growth linkages is shown in Figure
11.5, which compares each sectoral scenario’s contribution to agricultural growth
and poverty reduction. The higher than average poverty–growth elasticities of
maize- and root-led growth can be seen in the fact that these sectors contribute more
to poverty reduction than does agricultural growth in the Agriculture scenario.
However, Zambia should not overly rely on poverty–growth elasticities when designing its growth strategy, because the size of a sector and its growth potential determine
by how much poverty will be reduced. For example, even though root crops have a
higher poverty–growth elasticity than that for cereals, its growth may be constrained
by domestic demand (that is, its demand is less income elastic). Although export
crops have a modest poverty–growth elasticity, this sector’s growth can increase
rapidly without necessarily being constrained by domestic demand. Thus, the contribution of growth in export crops to overall growth and poverty reduction can be
larger than growth led by root crops.
It is important to take into account a subsector’s linkages to the rest of the
economy, because these are often said to be larger for agriculture than for other sec-

Figure 11.5—Share of additional growth and poverty reduction under the
Agriculture scenario
Percent
35

Growth
Poverty reduction

30
25
20
15
10

Forestry

Fisheries

Livestock

High-value crops

Other foodcrops

Roots

0

Cereals

5

Source: The Zambian dynamic computable general equilibrium model results.
Notes: Additional growth is relative to the baseline scenario. The sector indicated is the one driving
growth in the scenario.
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tors (Hazell and Hojjati 1995). Table 11.7 reports estimated economywide linkage
ratios for growth led by different subsectors. For example, in the cereal-led growth
scenario agricultural GDP increases by 746 billion Zambian kwachas (ZMK), and
total GDP increases by ZMK1,217 billion. Thus, for every ZMK1.00 increase in
agricultural GDP driven by cereal-led growth, there is an additional ZMK0.63
increase in nonagricultural GDP (a multiplier effect of 1.63). Comparing these
ratios across scenarios suggests that even though fisheries-led growth contributes less
to agricultural growth in the Agriculture scenario (see Figure 11.5), it is more effective at stimulating nonagricultural growth than is growth driven by export crops.
The latter has poor growth linkages, because most export crops are exported directly
as raw agricultural materials rather than contributing to downstream production.
Furthermore, by rapidly increasing export growth, the export crops also increase the
appreciation of the real exchange rate, which reduces nonagricultural exports. Thus,
the linkage ratio for export crops is less than one, and its overall impact on national
GDP is similar to that of fisheries.
We have considered three factors that can be used to prioritize subsectors for
investment: (1) the effectiveness of subsector-driven growth on reducing poverty
(the poverty–growth elasticity); (2) the effect of a subsector’s size and growth potential on determining its potential contribution to overall growth and poverty reduction (the size effect); and (3) the implications of subsector-driven growth for growth
in other nonagricultural sectors (the multiplier effect). Figure 11.6 identifies the top
three subsectors for each of these three factors.
The three subsectors with the highest poverty–growth elasticities are cereals,
roots, and high-value export crops. These are placed inside the circle labeled “Poverty
effect” in Figure 11.6. Similarly, the three sectors that contribute most to overall
agricultural growth are cereals, high-value crops, and other foodcrops. The ranking
of size effects is contingent on the appropriateness of the target crop yields shown
in Table 11.3. Based on their growth potentials, the three subsectors are placed
inside the “Size effect and growth potential” circle. Because cereals and high-value
crops are in the top three subsectors for both criteria, they fall into the intersection
of the circles labeled “Poverty effect” and “Size effect.” We also consider each subsector’s multiplier effects and identify cereals, livestock, and roots as being pertinent
to this effect. However, we place greater emphasis on the first two factors, because
this chapter focuses on the contribution of different subsectors to agricultural growth
and poverty reduction, rather than to broadly based economywide growth.
In summary, given the stagnation of agriculture over the past two decades,
Zambia will have to encourage growth in all subsectors if it is to reach the 6 percent
agricultural growth target. However, the poverty–growth elasticities, sectoral growth
potentials, and size and linkage effects presented in this section suggest that the
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Table 11.7—Agriculture’s economywide growth-linkage effect

Sector
driving
growth
Cereals
Roots
Other foodcrops
Export crops
Livestock
Fisheries
Forestry

Sector’s
value-added,
2005 (2004
ZMK billion)

Sectoral growth rates
(percent)

Additional GDP relative to
baseline (2004 ZMK billion)

Baseline
scenario,
2005–15

Sector
scenario,
2005–15

Total GDP,
2015
(1)

Agricultural
GDP, 2015
(2)

Economywide
growth-linkage
ratio
(1)/(2)

1,307
444
895
818
740
282
374

1.78
2.08
0.84
3.20
4.26
3.12
3.46

4.46
4.30
3.01
8.86
5.39
3.95
7.56

1,217
419
397
223
308
227
146

746
223
306
751
176
141
241

1.63
1.88
1.30
0.30
1.75
1.62
0.61

Source: The Zambian dynamic computable general equilibrium model results.
Note: GDP = gross domestic product. ZMK = Zambian kwachas.

Figure 11.6—Priority agricultural products for investment, by various measures
Size effect and
growth potential

Poverty effect
High-value
crops

Other
foodcrops

Cereals
Roots

Linkage effect
Livestock

Source: The Zambian dynamic computable general equilibrium model results.
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highest priority should be given to improving cereal yields and encouraging highvalue export crops.
Agricultural Investment Analysis
Baseline Investment Scenario

To promote agricultural growth and poverty reduction in Zambia in general, the
Government of Zambia has already implemented a number of agricultural development programs. For example, the government’s Fifth National Development Plan
for 2006–10 included plans to invest ZMK4,069 billion in R&D and extension,
markets, rural infrastructure, human and natural resource development, livestock,
and fisheries. Because of a lack of Zambia-specific data needed to estimate the return
on different types of public investment, we use the procedure outlined in Chapter
2. Specifically, we estimate the aggregate public agricultural expenditure (PAE)
required to reach the 6 percent growth target. Simple univariate regression analysis
of agricultural GDP on total agricultural expenditures using national historical data
gives similar trends for Malawi and Zambia, and so we used the same range of
elasticities for Zambia as used for Malawi. The elasticities of agricultural GDP with
respect to aggregate PAE are 0.15 and 0.30, representing less and more optimistic
public efficiency scenarios, respectively. The parameter values used in public investment simulations are summarized in Table 11A.3 in the appendix to this chapter.
Three scenarios are simulated over 2004–15 that estimate the required PAE.
The first is a baseline, in which we assume that PAE and public nonagricultural
spending (PNE) continue to grow according to 1992–2006 trends (an annual average real growth rate of 8.4 and 2.3 percent per year, respectively). We also use the
1992–2006 annual average government expenditures of ZMK200 billion and
ZMK4,983 billion in 2004 as benchmarks for PAE and PNE, respectively. Baseline
results reveal that the share of PAE in total expenditure rises from 3.9 percent in
2004 to 5.4 percent in 2010 and 7.1 percent in 2015 (Table 11.8). This is because
recent PAE grows more rapidly than total spending does. However, the share of
PAE in total spending will still remain below the 10 percent target proposed by the
CAADP. The growth and associated poverty-reduction targets are therefore beyond
reach in this business-as-usual scenario, which is not surprising, given Zambia’s poor
historical performance.
Investment Needed to Meet the CAADP Target

The two remaining investment scenarios assess the additional PAE required to
support a 6 percent agricultural growth target. The first scenario assumes that agricultural GDP growth is supported by an increase in PAE alone—all other factors
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Table 11.8—Estimated government resource allocation in the investment
analysis (percent)
Agriculture scenario
Agricultural growth
from PAE growth only
Indicator
Real annual growth rate
Total public expenditure
Agriculture
Nonagriculture
Government expenditure share
PAE/total expenditure
2004
2010
2015
PAE/agricultural GDP
2004
2010
2015
PNE/nonagricultural GDP
2004
2010
2015
Total expenditure/total GDP
2004
2010
2015

Agricultural growth
including effects of
faster PNE growth

Baseline
scenario

Low
elasticity

High
elasticity

Low
elasticity

High
elasticity

2.6
8.4
2.3

6.8
32.0
2.3

3.9
20.2
2.3

6.8
31.9
2.4

4.0
20.1
2.4

3.9
5.4
7.1

15.7
40.0

9.5
19.1

15.5
39.4

9.4
18.8

4.1
5.7
7.6

15.3
45.6

8.7
16.2

15.2
45.1

8.6
16.0

26.5
22.5
19.7

22.4
19.5

22.4
19.5

22.5
19.7

22.5
19.7

21.9
19.5
17.7

20.9
25.3

19.5
18.8

21.0
25.4

19.6
18.9

Sources: Authors’ investment analysis results, based on their literature review of elasticities; data from IFPRI
(2010) and Zambia, CSO (2007b); and the Zambian dynamic computable general equilibrium model results.
Note: GDP = gross domestic product. PAE = public agricultural expenditure. PNE = public nonagricultural expenditure. Blank cells = not applicable.

remain unchanged from the baseline scenario. The second scenario allows increases
in both PAE and PNE—the latter is proportional to the increase in the nonagricultural GDP growth rate observed in the Agriculture scenario. This second
scenario is more realistic than the first, given the sectoral linkages in the economy.
We assume that the range of the elasticity of agricultural GDP growth with respect
to PAE growth is 0.15–0.25, representing low and high spending efficiencies,
respectively.
When the additional growth required to achieve the 6 percent agricultural
growth target is supported solely by PAE, then the required growth in PAE is more
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than 20 percent per year, even in the high elasticity (better efficiency) scenario (see
Table 11.8). It is as high as 32 percent with a low elasticity. Assuming that the government’s allocation to PNE continues to grow at the baseline rate, then the total
budget is estimated to grow at 3.9 and 6.8 percent per year in high and low efficiency scenarios, respectively. Again, with PAE growing more rapidly than total
spending, the PAE share rises to 19.1–40.0 percent by 2015. Increasing PNE
growth in the second scenario makes little difference, because additional nonagricultural GDP growth in the Agriculture scenario is very small. The investment
analysis shows that if 6 percent agricultural growth is to be achieved, the Government
of Zambia will need to allocate at least one-fifth of its total budget to agriculture by
2015. This number assumes that the government achieves a higher efficiency in its
spending. A key element in improving public spending efficiency is identifying
appropriate investments.
Identifying Investment Priorities

Identifying investment priorities is challenging because of data and information
constraints on the performance of specific investment programs. The recent study
by Nin Pratt and Yu (2008) shows that total factor productivity growth during
1994–2003 in Zambia (0.03 percent annual average) is one of the lowest in Africa
and is characterized by virtually stagnant or declining growth in all factors of production, including fertilizers, tractors, livestock, and labor.
As in many other African countries, the Government of Zambia has been
subsidizing fertilizers used by farmers. Nearly 40 percent of the resources earmarked
for the agricultural sector have been spent on the Fertilizer Support Program and
the operations of the Food Reserve Agency, both of which directly support the maize
subsector (Govereh et al. 2006). For example, the 2001/02 postharvest survey indicates that 99 percent of the inorganic fertilizers used in Zambia were applied to
maize. The results of our poverty–growth analysis presented earlier show that focusing investment on a single subsector is unlikely to produce broadly based poverty
reduction. The DCGE model analysis also showed that roots and export crops are
important subsectors for accelerating growth and poverty reduction, especially in
the northern parts of the country, where poverty is most severe. Thus, although we
are unable to assess the impact of agricultural spending on raising yields and growth
in the individual subsectors, our analysis indicates the need for a more balanced
spending portfolio.
To increase agricultural production, reduce production costs, and protect the
environment by employing sustainable agricultural production, Zambian farmers
need improved technologies capable of helping them increase yields, manage water,
and use natural resources in a more sustainable manner while still being profitable
under local farming and market conditions. A key investment area to support such
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technology generation and dissemination is agricultural R&D and extension.
Although the benefits of investing in agricultural R&D are commonly known (see,
for example, Thirtle, Lin, and Piesse 2003; Fan 2008; Fan and Zhang 2008), agricultural R&D spending in Zambia has been declining rapidly over time (Figure
11.7). This trend must be reversed. Under the Fifth National Development Plan
(Zambia, MFNP 2006), the government plans to allocate 12.5 percent of its total
PAE budget to agricultural R&D. This budgetary allocation translates into about 3
percent of agricultural GDP, which is similar to the shares realized in the mid-1970s
and early 1980s. If this planned spending is realized, then it will be higher than the
African average of 0.5–0.6 percent. Most importantly, it will put Zambia on a reasonable path toward development and dissemination of the technologies needed to
raise crop yields, as assumed in the DCGE model.
Another key investment area that the government needs to consider is irrigation. It is common knowledge that the success of the Asian Green Revolution in the
1960s and 1970s was built on the rapid expansion of irrigated areas (Spencer 1994).
Also, Rosegrant and Evenson (1995) found that irrigation was one of the few public
investments whose returns increased over time when matched by private investments. Zambia has an irrigation potential of more than half a million hectares, but
only about 3 percent of its total arable land is under irrigation (FAO 2007). The
Zambian government, under the framework of the Fifth National Development
Plan, planned to double the area irrigated and consequently earmarked about 14
Figure 11.7—Government agricultural research and development expenditure in
Zambia, 1975–2000
Spending as a share of agricultural GDP (percent)
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percent of the total PAE budget for irrigation development. Even doubling the
irrigated area would raise the percentage of total crop area under irrigation to only
6 percent (assuming that the total crop area remains unchanged), which is far below
the 30–50 percent seen in Asia during its period of massive growth in the agricultural sector.
By enabling farmers to participate in higher value-added market chains, increasing public investment in infrastructure, particularly rural roads and storage facilities,
will be critical for significantly reducing poverty in Zambia. With a current road
density of 121 kilometers per 1,000 square kilometers and only 22 percent of these
roads paved, Zambia ranks only 23rd in Sub-Saharan Africa (IRF 2007). This low
standing suggests that farmers lack general access to affordable yield-enhancing
inputs and inexpensive marketing channels. Investment in rural feeder roads, in
particular, can have large poverty-reduction effects per unit of investment, as Fan
and Zhang (2008) show in the case of Uganda, where the marginal returns to public
spending on feeder roads in terms of agricultural output and poverty reduction are
found to be three to four times larger than the returns to public spending on murram and tarmac roads. Unfortunately, however, spending on transport and communications in Zambia has been declining (Figure 11.8). Under the current road
rehabilitation program (Zambia, NFRA 2009), the government and its development partners are planning to spend US$1.6 billion between 2005 and 2013 to

Figure 11.8—Government transport and communications expenditure in
Zambia, 1975–2007
Agricultural spending as share of total
government expenditure (percent)
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improve the road network. The main objective of the program is to rehabilitate the
existing network, meaning that the road density will still remain low. However, road
conditions are likely to improve significantly. New roads must be built, especially
to improve the market integration of Zone 3, where large growth and povertyreduction potentials have been identified.
Conclusions

The DCGE model results indicate that Zambia would need to achieve quite ambitious improvements in crop yields and subsector growth if it is to achieve the
CAADP target of 6 percent agricultural growth by 2015. If attained, this fast growth
would lift an additional 780,000 people above the poverty line by 2015. It would
not, however, be sufficient for Zambia to achieve the first MDG of halving national
poverty.
Most households are expected to benefit from faster agricultural growth, and
the distribution of additional incomes becomes more even. However, farm households growing high-value export crops stand to gain more than those relying more
on foodcrops or livestock. Furthermore, households in agroecological Zones 1 and
2a in the southern parts of the country benefit more than households in more
remote zones. Finally, although rural households benefit more than urban households, not least because the former are more dependent on agricultural incomes,
urban households also benefit. This is because urban agriculturalists make up a
significant share of agricultural producers in Zambia, and agricultural commodities
are an important part of urban consumer baskets.
Comparing the effectiveness of growth driven by different subsectors on
reducing poverty and encouraging broadly based growth, we find that 1 percent
GDP growth driven by either cereals or root crops leads to considerably more
poverty reduction than similar growth in export crops. This is because yield
improvements in the former crops not only benefit households directly by increasing incomes from cereals and root-crop production but also indirectly by allowing
farmers to diversify their land allocations to high-value crops. The benefits of
diversification from promoting maize has been confirmed by empirical studies for
Zambia (see, for example, Zulu et al. 2000; Phiri et al. 2004). Foodcrops also have
stronger growth linkages to nonagricultural sectors, thereby stimulating economywide growth and poverty reduction. However, the high growth potential of export
crops relative to that of foodcrops means that export-led growth may still account
for a large share of poverty reduction. Furthermore, the small initial size and
geographic concentration of certain foodcrops, such as roots, means that their
potential contribution to national growth and poverty reduction may be limited,
at least over the short term. Taken together, our findings highlight the importance
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of broadly based agricultural growth, but they accord a high priority to maize,
roots, and smallholder export crops.
Finally, it is crucial that the Government of Zambia increase both the level and
efficiency of its spending in the agricultural sector. The latter includes reforming
public institutions, particularly those with any agriculture-related functions, to
improve the provision and delivery of agricultural public goods and services. Our
analysis indicates that total public spending on agriculture would have to grow by
at least 20 percent per year to achieve and sustain 6 percent agricultural growth.
Thus, the government would need to allocate at least one-fifth of its total budget to
agriculture. Without this heightened level of commitment to agriculture, Zambia
will further entrench its historical performance of achieving economic growth without reducing poverty.

100.0
15.9
33.4
13.4
11.1
12.6
6.0
7.8

National
100.0
4.9
56.1
18.8
6.3
6.3
3.2
4.4

Urban
100.0
7.4
59.3
17.3
4.9
4.2
1.7
5.3

Zone 1
100.0
39.5
33.8
13.1
5.7
6.6
0.3
1.0

Zone 2a
100.0
1.7
40.7
10.4
28.5
9.1
7.4
2.1

Zone 2b
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1.6
17.1
11.2
16.2
23.3
13.2
17.4

Zone 3
100.0
16.8
29.9
12.4
12.1
13.4
6.7
8.6

Smallscale

100.0
42.9
15.9
13.5
4.7
21.0
0.2
1.8

Largescale

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

National
14.8
4.5
24.8
20.7
8.4
7.4
7.9
8.4

Urban
7.2
3.3
12.8
9.3
3.2
2.4
2.1
4.9

Zone 1
35.3
87.8
35.7
34.5
18.1
18.4
1.8
4.7

Zone 2a

Rural
6.7
0.7
8.2
5.2
17.3
4.9
8.3
1.8

Zone 2b

36.1
3.7
18.5
30.3
52.9
66.9
79.9
80.3

Zone 3

82.2
87.2
73.7
76.2
90.3
87.4
92.1
90.8

Smallscale

3.1
8.3
1.5
3.1
1.3
5.1
0.1
0.7

Largescale

Sources: Authors’ calculations using Zambia, CSO (2005), and Zambia, MACO (2007a).
Notes: Small-scale and large-scale farmers have less or more than 5 hectares of farmland, respectively. Examples of high-value crops are cotton and sugarcane; other foods include
millet, sorghum, rice, beans, mixed beans, soybeans, and groundnuts.

All farm households
High-value crops (T1)
Maize only (T2)
Maize and other foodcrops (T3)
Maize and roots only (T4)
Maize, roots, and other foodcrops (T5)
Roots only (T6)
Roots and other foodcrops (T7)

Farm type

Table 11A.1b—Distribution of farm households across zones and farm types: How each farm type is distributed in space or
scale of production

All farm households
High-value crops (T1)
Maize only (T2)
Maize and other foodcrops (T3)
Maize and roots only (T4)
Maize, roots, and other foodcrops (T5)
Roots only (T6)
Roots and other foodcrops (T7)

Farm type

Rural

Table 11A.1a—Distribution of farm households across zones and farm types: Proportion of farm households in each space or
scale of production
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Table 11A.2—Structure of the Zambian social accounting matrix
Agricultural sectors

Industrial sectors

Service sectors

Factors

Households
Regions

Maize; rice; other cereals; roots; pulses; groundnuts; vegetables; fruits; tobacco
(small-scale); tobacco (large-scale); cotton; sugar; tea (small-scale); tea (largescale); other crops; poultry and eggs; other livestock; fisheries; forestry
Mining; food processing; beverages and tobacco; textiles and clothing; wood and
furniture; chemicals and rubber; machinery and other manufacturing; construction;
electricity and water
Agricultural trade and transport; nonagricultural trade and transport; traded services;
communications; banking and business services; real estate; community services;
government administration; health; education
Family farmworkers by region; unskilled workers (less than primary schooling
completed); skilled workers (more than primary schooling completed); agricultural
capital; mining capital; nonagricultural nonmining capital; agricultural land by farm
type and region; livestock capital by region
Farm households by farm type and region; nonfarm households in metropolitan
centers; nonfarm households in small urban centers
Rural Zone 1; rural Zone 2a; rural Zone 2b; rural Zone 3; urban

Source: Authors’ representation of Zambia’s production economy.

Table 11A.3—Values of parameters used in public investment simulations
Quantity, growth rate, and elasticity

Baseline value

Annual average agricultural GDP growth rate target, θ̂ag
GDP in base period (2004 ZMK billion)
Agriculture, Qag
Nonagriculture, Qnag
Annual average growth rate in GDP in base scenario (percent)
Agriculture, Q̇ag
Nonagriculture, Q̇nag
Expenditures in base period in constant prices (2004 ZMK billion)
Agriculture or PAE, Eag
Nonagriculture or PNE, Enag
Annual average growth rate in expenditures in base scenario (percent)
Agriculture, Ėag (growth from PAE only)
Nonagriculture, Ėnag (including faster PNE growth)

6.1
4,859.1
18,840.3
2.53
5.02
199.7
4,983.3
8.4
2.3

Low
value

Elasticity

High
value

Elasticity of agricultural GDP with respect to PAE, εQE

0.15

0.30

Elasticity of agricultural GDP with respect to PNE, εQE

0.15

0.25

Elasticity of agricultural GDP with respect to interaction of PAE and PNE, ΦQag,nag

0.00

0.00

ag
nag

Sources: Authors’ model specification and assumptions based on their literature review of elasticities; data from
IFPRI (2010) and Zambia, CSO (2007b); and the Zambian dynamic computable general equilibrium model results.
Notes: GDP = gross domestic product. PAE = public agricultural expenditure. PNE = public nonagricultural expenditure. ZMK = Zambian kwachas.
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Chapter 12

Mozambique
James Thurlow

A

fter emerging from civil war in 1994 as one of the world’s poorest countries,
Mozambique has since become one the world’s fastest growing countries.
Gross domestic product (GDP) grew at 8 percent per year during 1996–
2003 while the national poverty rate fell from 69 to 55 percent (World Bank 2010).
Much of this poverty reduction occurred in rural areas, where a rebound in agricultural production led to large improvements in household incomes and food security.
However, even though the economy has continued to grow at more than 7 percent
during 2003–09, the benefits to the poor have diminished. The national poverty
rate remained virtually unchanged during this period (Mozambique, MPD 2010),
mainly because of the poor performance of the agricultural sector and the effects of
the 2008 food price crisis on urban households (see Arndt et al. 2008, 2010).
Agriculture’s poor performance is not due to low agroecological potential—in
fact, Mozambique is land abundant and has some of the most favorable conditions
for agriculture in Sub-Saharan Africa (Diao et al. 2007). Nor is it due to a lack of
investments in education and health, as indicators for both these outcomes have
continued to improve after 2003 (World Bank 2010). Rather, agriculture’s poor
performance is mainly due to (1) an immense development deficit caused by civil
war (see, for example, Kyle 1991; Tschirley and Weber 1994); (2) a growth strategy
focused on heavy industry “megaprojects”; and (3) generally weak public sector
engagement in the agricultural sector. The third explanation above is reflected in the
constraints facing smallholder farmers in Mozambique—many of which could be
addressed through common policy interventions. These constraints include, among
others, the absence of an effective national research and extension system; inadequate infrastructure, particularly rural roads (Arndt et al. 2000; Tarp et al. 2002);
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and low provision and adoption of modern inputs, such as fertilizer and improved
seeds (Tschirley and Benica 2001; Heltberg and Tarp 2002; Uaiene 2008). As a
result, Mozambique has some of the lowest crop yields in Africa (FAO 2008).
Although there have been some successes in growing export crops through outgrower schemes (Strasberg 1997; Benfica 2006), these initiatives remain small and
localized and so have not had discernable impacts at the national level. Clearly there
is need for a more comprehensive and concerted strategy in Mozambique to raise
agricultural productivity and support broadly based rural development.
Both the weakness and importance of agriculture have been recognized by the
Government of Mozambique. This acknowledgment is perhaps most evident in the
country’s recent commitment to the Comprehensive Africa Agriculture Development
Programme (CAADP), which was launched by the 2003 Maputo Declaration of
the African Union. A key objective in this program is for African countries to reach
and sustain at least 6 percent annual agricultural growth while also allocating at least
10 percent of their public resources to the agricultural sector. It is hoped that by
increasing the level and efficiency of agricultural investments, Mozambique will be
able to increase foodcrop production, reduce rural poverty, and enhance food security at both the national and local levels.
Beyond the government’s renewed commitment to agriculture, there is also
considerable foreign interest to grow new export crops in Mozambique. Most
prominent among these are biofuels. By 2009, the government had received
requests from foreign companies for land-use rights covering more than 12 million hectares to be used for feedstock cultivation (Arndt et al. 2010). This is more
than double the amount of land currently cultivated for nonbiofuel crops in
Mozambique. Although not all the requests were considered credible, proposals
of more than half a million hectares had been approved by the end of 2009 for
biofuels production (mainly to grow sugarcane and jatropha). Studies suggest that
these biofuel investments will bolster economic growth and poverty reduction
(see, for example, Arndt et al. 2010). What is not considered by these studies is
whether promoting biofuels is preferable to investing in existing crops, particularly food staples. Addressing this concern would help prioritize government
engagement in the agricultural sector, particularly in deciding between exportand staples-led growth strategies.
Mozambique’s high agricultural potential and land abundance mean that it
has the option of not only expanding its production of food and nontraditional
export crops but also exploring new growth opportunities, like biofuels. In this
chapter I evaluate different agricultural growth paths for Mozambique in terms of
their ability to generate economywide economic growth and reduce poverty
throughout the country. For this, I develop a recursive dynamic computable general
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equilibrium (DCGE) model based on the one described in Chapter 2 of this
volume. One of the distinctive features of this case study is the extension of the
DCGE model to include new biofuels sectors, which allows for an assessment of
how these new crops may (or may not) be preferable to existing food and export
crops. This potential for entirely new technologies is unique to the Mozambique
case study.
The chapter is structured as follows. I first briefly review the structure of
Mozambique’s agricultural sector. The structure of the Mozambican DCGE model
and its underlying data sources are described next. The model results are then presented for the baseline growth scenario and the accelerated agricultural growth
scenarios. The chapter concludes by summarizing the findings and their implications for designing a new agricultural development strategy in Mozambique.
Agriculture in Mozambique
Agriculture’s Economic Structure

Agriculture is a key sector in the Mozambican economy. In 2003 it generated more
than one-quarter of total GDP, one-fifth of export earnings, and four-fifths of
employment. Crop agriculture can be divided into two parts. On the one hand,
there are smallholders who make up a majority of the country’s farmers and who
rely heavily on low-technology inputs to produce foodcrops, mainly for subsistence.
On the other hand, the country’s few large commercial farmers grow mainly traditional export crops, such as sugarcane and tobacco. These plantations typically make
greater use of modern inputs and capital, such as fertilizer and irrigation. In between
these two groups are a number of outgrower schemes, which engage smallholders
in vertical supply chains growing export crops like cotton. These schemes often
provide farmers with improved inputs in return for them agreeing to sell their harvests at agreed-upon prices.
Mozambique has a mixed farming system dominated by maize and cassava,
which together generated two-fifths of agricultural GDP in 2003. Other cereals are
also key staples, although their production is concentrated in certain subnational
regions. For example, rice is mainly grown in the two central provinces of Zambezia
and Sofala, whereas sorghum and millet are grown more intensively in the northern
provinces (see Table 12A.1 in the appendix to this chapter). Traditional export crops
are even more concentrated. For example, tea is grown in Manica, tobacco in Niassa
and Tete, and sugarcane in the southernmost province surrounding Maputo (the
capital city). Many of these food and export crops have links to downstream sectors,
such as grain milling and the local refining of sugarcane. Together these agro- and
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food-processing activities accounted for an additional 6 percent of total GDP and
5 percent of exports. The key characteristics of Mozambique’s 10 rural provinces
and its urban centers are presented in Table 12.1.
The most important noncrop subsector in agriculture is ocean fisheries.
Although it generates only 2 percent of total GDP, it accounts for almost 20 percent
of national export earnings. This is the second most important export sector after
aluminum. In contrast, livestock is a relatively small sector in Mozambique—less
than 2 percent of total GDP with virtually no exports. The livestock sector does,
however, have strong downstream linkages. Although the fisheries subsector mainly
exports fresh or unprocessed seafood, livestock has stronger linkages to the meat
sector in manufacturing.
Biofuel Production Technologies

Two biofuel feedstock crops have received considerable attention in Mozambique,
namely, jatropha for producing biodiesel and sugarcane for ethanol (Arndt et al.
2010). The proposals received by the government from foreign companies interested in producing biofuels in Mozambique differ in terms of their production
arrangements. Most requests for land for sugarcane envisage using a plantation
approach to producing the feedstock. In contrast, proposals involving jatropha typically adopt outgrower approaches. Therefore, as production of these two crops
expands over the coming decade, they will have very different implications for
smallholder farmers. Given Mozambique’s abundance of favorable land, it is reasonable to expect that all the biofuel feedstock could be produced on currently uncultivated lands. However, although land may not be as great a constraint in
Mozambique as in other African countries, there are definite labor shortages in the
rural economy, especially during key planting and harvesting periods. Thus, growing biofuel feedstock will have implications for other crops, as it requires that labor
be reallocated away from existing farm and nonfarm activities.
The analysis assigns specific technologies to jatropha- and sugarcane-based
biofuel production, which are drawn from a microlevel study conducted by Econergy
(2008). Broadly speaking, jatropha is more low-skilled labor-intensive than sugarcane, because the former is produced using smallholder farmers (see Arndt et al.
2010). Jatropha is also a more land-intensive crop per liter of biofuel produced,
because of the biophysical and energy characteristics of this crop. Finally, plantationbased sugarcane is more capital intensive than jatropha. Based on current proposals,
all the capital required to establish new biofuels industries in Mozambique will come
from abroad (through foreign direct investment). It is also anticipated that most
profits will be repatriated to the foreign companies. Given the uncertainty over
future biofuels production in Mozambique, the analysis assumes that biofuels pro-

National

5,871
1,137
5.2
51.6
30.4

Urban
households
751
151
5.0
53.2
4.0
353
2.34
0.71
0.99
0.13
0.17
0.17
0.13
0.00
0.03

Niassa
1,194
319
3.7
65.1
7.8
420
1.32
0.35
0.32
0.28
0.10
0.06
0.00
0.15
0.05

Cabo
Delgado
2,058
481
4.3
57.8
12.0
572
1.19
0.15
0.30
0.37
0.18
0.06
0.01
0.07
0.05

Nampula
3,137
670
4.7
45.1
14.2
453
0.68
0.15
0.08
0.34
0.03
0.03
0.01
0.02
0.01

Zambezia

Manica

1,194
783
257
140
4.6
5.6
59.0
40.8
7.1
3.2
265
243
1.03
1.74
0.49
0.84
0.04
0.25
0.06
0.22
0.12
0.13
0.09
0.09
0.08
0.01
0.10
0.06
0.05
0.14

Tete
921
157
5.9
33.8
3.1
305
1.94
0.54
0.96
0.09
0.08
0.06
0.00
0.14
0.07

1,048
226
4.6
86.5
9.1
266
1.18
0.32
0.04
0.28
0.29
0.24
0.00
0.00
0.00

393
88
4.5
81.2
3.2
78
0.89
0.20
0.00
0.11
0.22
0.08

0.28

954
182
5.2
61.7
5.9
254
1.40
0.65
0.01
0.24
0.26
0.24
0.00
0.00

Maputo
Sofala Inhambane Gaza Province

Source: Authors’ calculations using production data and the 2002/03 household survey (Mozambique, NIS 2004; Mozambique, MoA 2005).
Notes: The poverty rate is the proportion of the population with per capita consumption below the poverty line. It is based on provincial definitions of poverty lines. ha = hectares. Blank
cells = not applicable.

Population (thousands)
18,302
Number of households
3,808
Household size
4.8
Poverty rate (percent)
54.4
Share of poor (percent)
100.0
Harvest area (thousand ha) 3,211
Average farmland (ha)
1.20
Maize
0.35
Other cereals
0.25
Root crops
0.26
Pulses
0.13
Horticulture
0.09
Tobacco
0.02
Cotton
0.06
Other crops
0.05

Indicator

Rural households in each province

Table 12.1—Land and population distribution across urban households and rural farm households, 2003
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duction will be evenly balanced across sugarcane and jatropha feedstock (that is,
both small- and large-scale production approaches).
The Mozambican DCGE Model

A new DCGE model was developed for Mozambique to capture the relationship
between economic growth and household incomes and poverty. The model is calibrated to a regionalized version of the 2003 social accounting matrix (SAM) documented in McCool, Thurlow, and Arndt (2009). The SAM’s economywide structure
allows the model to measure the effects of economic linkages between agricultural
and nonagricultural sectors. The detailed structure of the model separates producers
into 56 sectors, 24 of which are in agriculture (see Table 12A.2 in the appendix to
this chapter). To design the subsector growth scenarios, agricultural crops are separated into five broad groups: (1) cereal crops (for example, maize, rice, sorghum, and
millet), (2) roots (cassava and potatoes), (3) pulses and nuts (for example, beans
and groundnuts), (4) horticulture, and (5) high-value export crops (such as
tobacco and cotton). The model also includes two new biofuel feedstock subsectors:
jatropha for biodiesel production and sugarcane for ethanol production. To complete the agricultural sector, the model includes livestock, forestry, and fisheries
subsectors. Sectoral production and commodity demand in the SAM are from
official national accounts and supply–use tables for 2003 (Mozambique, NIS 2007).
Crop-production technologies were drawn from a 1996 input–output table (Arndt
et al. 1998), with the exception of the biofuels crops, whose technologies were
described in the previous section.
The model also captures heterogeneity in subnational production patterns.
Rural agricultural production is disaggregated across Mozambique’s 10 provinces,
reflecting varying agroecological conditions in the country. Province-level agricultural production and area data were taken from the 2005 national agricultural
survey (Mozambique, MoA 2005). Where information on certain crops, such as
horticulture, was missing from the survey, data were taken from FAO (2008). To
capture the distinct characteristics of the urban economy, urban areas in each province are grouped into a single region, although agriculture remained within rural
regions because of a lack of production data for urban agriculturalists. Finally,
Maputo City is treated as a separate metropolitan region. Thus, there are a total of
12 subnational regions in the model. Certain factor markets are segmented across
regions, including those of agricultural land and family farmworkers. These factors
can migrate between farm activities but not between regions. In contrast, unskilled,
semiskilled, and skilled labor can migrate across both sectors and regions. Finally,
capital is sector-specific and once invested cannot be transferred to new activities.
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New capital is generated from past investment and is allocated to sectors based on
their relative profitability.
The model is calibrated to the initial cropping patterns for 2005 in the rural
areas of each of the 10 provinces. The representative farmer in each province
responds to changes in production technology and commodity demand and prices
by reallocating land across different crops to maximize income. These farmers also
reallocate their labor and capital between farm and nonfarm activities, including
livestock and fishing, wage employment, and diversification into nonagricultural
sectors, such as transport, trade, and construction. Thus, by capturing production
information across subnational regions, the DCGE model combines the national
or macroeconomic consistency of an economywide model with the detail of a
province-level agricultural sector or representative farm model. The DCGE model
is thus an ideal tool for measuring the unique growth linkages and income and price
effects resulting from accelerating growth in specific agricultural subsectors.
Finally, the model determines the effect of growth on households’ incomes and
consumption. There are 66 representative household groups in the model, disaggregated by nationally defined per capita expenditure quintiles and 12 regions,
with the top quintile in urban centers and metropolitan Maputo further disaggregated into four income groups. Each household in the 2002/03 national household
survey (Mozambique, NIS 2004) is linked to its corresponding representative
household in the model. Changes in representative households’ consumption and
prices in the DCGE model are passed down to corresponding households in the
survey, where total consumption expenditures are recalculated. This new level of per
capita expenditure is compared to the official poverty line to determine whether
the household’s poverty status has changed. Estimated changes in poverty from the
DCGE model therefore capture differences in households’ consumption patterns
and income distribution as reflected in the survey. The new DCGE model for
Mozambique can therefore translate changes in production levels to changes in both
factor and products prices, and it calculates how these modify household incomes
and consumption patterns, thus determining poverty rates in different regions and
population groups.
Baseline Growth Scenario

The DCGE model is first used to examine the impact of Mozambique’s current
growth path on poverty reduction. This baseline scenario draws on historical production trends for individual agricultural and nonagricultural subsectors.
Mozambique experienced rapid growth during 1996–2003, with national GDP
growing at almost 9 percent per year (Mozambique, NIS 2007). During this time

356

JAMES THURLOW

the agricultural sector also experienced rapid growth of 6 percent per year. However,
agricultural growth has taken place from a low base, with most of the growth associated with a rebound after the civil war. For example, although maize production
has grown rapidly after the mid-1990s, it was mostly driven by land expansion.
National average maize yields were still only 0.83 metric tons per hectare (mt/ha)
by 2006 (FAO 2008). Therefore, given the slowdown in growth after 2003, the
baseline scenario assumes that agricultural GDP will grow at 4 percent per year
during 2006–15 (Table 12.2).
One-third of crop-production growth during 1996–2006 was due to area expansion with the rest driven by rising yields (FAO 2008). The baseline scenario assumes
that land expansion will continue at the same pace. Harvested land area therefore
grows by 2 percent per year, which is equal to population growth. As shown in Table
12.2, nonagriculture maintains its stronger performance in the baseline scenario,
with manufacturing and services growing at 5.9 and 6.5 percent, respectively.
The 4.2 percent agricultural growth rate in the baseline scenario is based on
more detailed assumptions for different agricultural subsectors. Table 12.3 shows
the assumptions made about each crop’s yield growth. For example, maize yields are
assumed to grow at 1.9 percent per year from 2006 levels to reach 0.98 mt/ha by
2015. Although this level is below the yields reported for certain seasons over the
past decade, it is consistent with Mozambique’s long-term trend of about 1 one ton
Table 12.2—Economic growth in model scenarios (percent)
Share of GDP

Sector
Total GDP
Agriculture
Cereals
Root crops
Pulses and nuts
Horticulture
Existing export crops
New export crops
Livestock
Fisheries
Forestry
Manufacturing
Other industry
Services

Total GDP,
2003
100.0
25.9
5.3
7.2
2.3
3.3
1.1
0.0
1.7
2.3
2.7
13.7
9.5
50.9

Annual growth

Agricultural
GDP,
2003
100.0
20.6
27.7
8.9
12.8
4.1
0.0
6.4
8.9
10.6

Baseline
scenario,
2006–15

Agriculture
scenario,
2006–15

6.3
4.2
3.5
4.7
3.6
4.3
4.7
0.0
5.2
2.0
5.3
5.9
10.0
6.5

7.0
6.6
4.7
5.2
4.3
5.7
6.1
765.0
6.0
3.6
6.0
7.2
8.5
6.9

Source: The Mozambican dynamic computable general equilibrium model results.
Note: GDP = gross domestic product.

1.9
2.4
1.9

1.9
2.5

2.6
1.9
5.2

1.8
2.6

2.2
1.3
2.2
3.0
2.3

0.0
0.0
0.0

0.83
0.42
0.49

3.65
3.98

0.23
0.33
1.16

5.50
5.73

1.27
0.82
14.71
1.86
0.30

3.50
14.71
3.00

Baseline
growth,
2005–15
(percent)

3.50
14.71
3.00

1.76
1.19
22.23
2.62
0.42

6.75
7.83

0.30
0.42
1.63

4.43
5.11

1.06
0.58
0.61

n.a.
n.a.
n.a.

3.7
4.2
4.7
3.9
3.8

2.3
3.5

2.7
2.7
3.8

2.2
2.8

2.8
3.6
2.4

Target
Target
level,
growth,
2015
2005–15
(mt/ha) (percent)

0
0
0

68
125
397
11
26

350
1,004

51
31
58

2,298
254

772
20
297

Initial
level,
2005
(thousand mt)

0.0
0.0
0.0

1.4
8.3
7.5
4.0
2.0

4.2
4.2

3.9
4.1
1.5

4.7
4.2

3.6
4.1
2.6

Baseline
growth,
2005–15
(percent)

126
2,943
2,250

93
256
760
17
43

551
1,580

75
49
64

3,661
386

1,185
32
390

Target
level,
2015
(thousand ha)

Production quantityb

n.a.
n.a.
n.a.

3.5
8.3
7.5
5.3
5.4

5.2
5.2

4.4
5.3
1.0

5.3
4.8

4.9
5.4
3.1

Target
growth,
2005–15
(percent)

0.0
0.0
0.0

1.7
4.7
0.8
0.2
2.7

2.0
5.5

6.7
2.9
1.6

19.6
2.0

29.1
1.5
19.0

0.0
0.0
0.0

1.3
7.3
1.1
0.2
2.2

2.1
5.3

6.4
3.0
0.9

21.2
1.9

28.5
1.4
17.1

Initial Baseline
share, share,
2004
2015

0.7
4.2
15.6

1.1
4.5
0.7
0.1
2.1

1.7
4.2

5.2
2.4
0.8

17.2
1.6

23.3
1.2
13.4

Target
share,
2015

Share of harvested land
areab (percent)

Source: Authors’ calculations using production data from Mozambique, MoA (2005), FAO (2008), and the Mozambican dynamic computable general equilibrium model results.
Note: mt / ha = metric tons per hectare. n.a. = Growth rates not available since no production in the base year.
aValues are exogenous to the model.
bValues are endogenous within the model.

Cereals
Maize
Rice
Other cereals
Root crops
Cassava
Other roots
Pulses and nuts
Pulses and oilseeds
Groundnuts
Cashew nuts
Horticulture
Vegetables
Fruits
Existing exports
Tobacco
Cotton
Sugarcane
Tea
Other crops
New exports
Bananas
Sugarcane/ethanol
Jatropha/biodiesel

Crop

Initial
level,
2005
(mt/ha)

Crop yielda

Table 12.3—Crop production targets and growth rates in model scenarios
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per hectare (the average for 1996–2006) (FAO 2008). Overall growth in cereal
production in the baseline scenario exceeds population growth. This causes an excess
supply of these staple crops, and the resulting fall in prices encourages farmers to
reduce the amount of land allocated to maize and other cereals. Thus, even though
total cropland is growing at 2 percent per year, a smaller share of land is allocated
to cereals by 2015. However, cereal production still expands at about 3.5 percent
per year during 2006–15.
Similar baseline expansion paths are defined for other crops and agricultural
subsectors using historical production trends. The baseline growth paths are calibrated for the nonagricultural sectors based on historical national accounts data
(Mozambique, NIS 2007). Based on these sector-level trends, the DCGE model
results indicate that, with modest agricultural growth and faster nonagricultural
growth, national GDP will grow at an average annual rate of 6.3 percent during
2006–15. Adjusting for 2 percent population growth, average per capita GDP grows
at 4.3 percent, causing household incomes to rise and poverty to fall. The national
poverty headcount rate falls in the baseline scenario from 54.4 percent in 2003 to
36.9 percent in 2015 (Figure 12.1). This rate is sufficient for the absolute number
of poor to decline from 9.95 million to 8.55 million. Balanced growth across agricultural and nonagricultural sectors means that national income growth is evenly
distributed across rural and urban areas.

Figure 12.1—National poverty rate in model scenarios
Percent
55
Baseline scenario
CAADP scenario
50

45

40

35

30

MDG target

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Source: The Mozambican dynamic computable general equilibrium model results.
Notes: The poverty rate is the proportion of the population with per capita consumption below the poverty
line. CAADP = Comprehensive Africa Agriculture Development Programme. MDG = Millennium Development Goal.
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Accelerated Growth Scenarios
Impacts on Agricultural and National Economic Growth

The baseline scenario reflects a reasonable growth path for Mozambique based on
published historical trends. This section examines the potential contribution of
different agricultural subsectors in helping Mozambique achieve a 6 percent agricultural growth target—as identified in the CAADP. To increase crop-production
levels, the scenarios target faster yield growth rates (by raising total factor productivity in individual subsectors). The targets are considered reasonable yield improvements based on discussions with the Department of Economics in the Ministry of
Agriculture. Unlike the country studies reported in other chapters of this volume,
the accelerated agricultural growth scenario is not based on the increased yields
achieved under the ideal conditions of controlled field trials.
Taking maize as an example, the baseline scenario assumes that average yields
over the next 10 years would remain relatively constant at 0.83–0.98 mt/ha (see
Table 12.3). The Agriculture scenario simulates more ambitious yield improvements. Maize yield’s growth rate rises from 1.9 percent in the baseline to 2.8 percent.
Thus, average maize yields rise over the next 10 years to reach 1.1 mt/ha by 2015.
This value is still below the potential yield identified by Mozambique’s national
agricultural research institute.
The Agriculture scenario similarly targets increased yields for other crops in
each province. Particularly fast growth is targeted for existing export crops, because
they are considered to have a higher growth potential than foodcrops. However,
without information on region-specific growth potentials, the model assumes that
yield increases are proportional across all regions, meaning that final yields will vary
according to initial yield estimates and the variation in local land and labor market
conditions (for example, base-year cropping patterns and farm/nonfarm employment opportunities). Production in the livestock, forestry, and fisheries subsectors
is not increased to achieve particular yield targets but rather to increase growth in
real value-added. This decision was again based on a joint assessment with the
Ministry of Agriculture. Combining the acceleration in growth in all agricultural
subsectors produces the Agriculture growth scenario.
As discussed earlier in this chapter, Mozambique has the opportunity to substantially expand domestic production of various new export crops, including biofuel feedstocks. There is also scope for downstream processing of biodiesel and
ethanol. The Agriculture scenario models an expansion of land allocated to biofuels.
Based on existing investment requests, land allocated to sugarcane for ethanol production is assumed to rise to 200,000 hectares by 2015, whereas jatropha for biodiesel production grows to 500,000 hectares. Following Arndt et al. (2010), it is
assumed that all biofuels are exported after having been processed. From a balance
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of payments perspective, because Mozambique is a small economy and does not
affect world prices, exporting all biofuels is equivalent to reducing traditional fuel
imports (that is, there is no change in the current balance). Apart from biofuels,
the scenario also allows for the production of new export-quality bananas produced
on large-scale plantations. Land allocated to banana production is assumed to rise
to 36,000 hectares in the Agriculture scenario. As with other crops, investment
in each of these new crops is assumed to be evenly distributed across the 10 rural
provinces.
Results from the DCGE model indicate that achieving the production targets
identified in Table 12.3 and allocating land to new export crops will allow
Mozambique to reach the 6 percent annual agricultural growth target. More specifically, average agricultural growth during 2006–15 would be 6.6 percent per year in
the Agriculture scenario (see Table 12.2). Because agriculture makes up one-quarter
of the economy, its acceleration also increases national GDP growth rate from 6.3
to 7.0 percent per year. Part of this additional national growth is due to economywide linkages. Faster agricultural growth stimulates additional nonagricultural
growth by raising demand for farm inputs and lowering input prices for downstream
processing sectors. For instance, the GDP growth rate of the manufacturing sector
increases from 5.9 to 7.2 percent per year in the Agriculture scenario. Accelerating
agricultural growth therefore has economywide implications.
Impacts on Household Incomes and Poverty

Higher rates of economic growth cause the national poverty rate to fall farther than
in the baseline scenario. This change is shown in Figure 12.1, where the share of the
population under the poverty line is 32.6 percent by 2015 in the Agriculture scenario compared with 36.9 percent in the baseline. Because population growth
remains constant between scenarios, an additional 0.98 million people are lifted
above the poverty line by 2015 due to faster growth in the Agriculture scenario.
Although all representative household groups in the DCGE model benefit from
faster agricultural growth, not all benefit equally. Table 12.4 reports changes in
poverty rates for different population groups. Households in small provincial towns
benefit more from agricultural growth than do those in the large metropolitan
centers. This is because these small towns engage more in agriculture-related activities, such as food processing and local trade and transport. Agriculture’s downstream
production linkages are thus stronger in small towns. Moreover, households in small
towns typically spend a larger share of their incomes on agricultural goods, primarily
foodcrops, than do residents in large cities. Consumption linkages with agriculture
are therefore also stronger in small urban centers.
High-value export crops are grown more intensively in certain provinces. For
example, tobacco production is most important in Niassa Province, whereas cotton
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Table 12.4—Poverty rate in model scenarios

Region
National
Urban
Maputo City
Other urban
Rural
Niassa
Cabo Delgado
Nampula
Zambezia
Tete
Manica
Sofala
Inhambane
Gaza
Maputo Province

Final rate, 2015 (percent)

Initial rate,
2003
(percent)

Baseline
scenario

Agriculture
scenario

Difference
in 2015
(percentage points)

54.4
51.5
53.6
51.0
55.7
53.2
65.1
57.8
45.1
59.0
40.8
33.8
86.5
61.7
81.2

36.9
36.5
39.1
36.0
37.0
27.3
43.9
37.6
24.7
45.5
26.0
16.9
75.4
37.5
69.4

32.6
32.3
35.8
31.5
32.8
21.1
36.7
33.4
21.9
41.0
23.3
13.7
72.4
31.2
63.6

–4.3
–4.2
–3.3
–4.5
–4.2
–6.2
–7.2
–4.2
–2.8
–4.5
–2.7
–3.2
–3.0
–6.3
–5.8

Source: The Mozambican dynamic computable general equilibrium model results.

production is more heavily concentrated in Cabo Delgado, Nampula, and Sofala
(see Table 12A.1 in the appendix to this chapter). Representative farmers in these
provinces benefit the most from the enhanced acceleration of existing export crop
production in the Agriculture scenario. As mentioned above, these crops are assumed
to have higher growth potential than foodcrops have. Poverty therefore declines by
more in provinces growing export crops than in less export-oriented provinces, such
as Manica or Zambezia. This result is independent of biofuels crops, because of the
assumption that all provinces can engage to the same degree in the production of
biofuels and bananas for export.
Two forces drive changes in production and incomes following subsectorspecific yield improvements. First, increasing yields directly affect farm incomes,
because they increase the quantity of output that a farm produces using the same
quantity of factor inputs. However, increased production faces demand constraints,
so that prices often fall when production increases. The direct impact of raising crop
yields for a specific farm is thus its net effect on crop production weighted by the
share of the household’s land allocated to producing that crop. This direct effect
assumes that land allocations remain fixed. However, farmers may reallocate land in
response to changes in relative prices. Thus, the indirect impact of yield improvements is the potentially positive effect of reallocating land to crops delivering higher
returns. Thus, although maize-led growth is modeled by increasing maize yields
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only, some of the gains in this subsector-specific growth scenario are derived from
diversification into other, high-value crops facing better demand conditions. The
DCGE model captures both these direct and indirect effects when evaluating the
effects of productivity gains in different subsectors.
Figure 12.2 shows the importance of taking demand constraints and relative
price changes into account. Maize and sorghum are not exported and have fewer
linkages to downstream food processing. Thus, these crops face more stringent
constraints on domestic demand when their production increases. This causes
their real prices to decline the most in the Agriculture scenario (relative to the
baseline scenario). In contrast, poultry has stronger linkages to food processing,
which means that, although prices still decline in the Agriculture scenario, they
fall by less than for many foodcrops. Finally, because Mozambique is a small
economy, world prices are assumed to be unaffected by the country’s levels of
production and trade. Export-oriented crops therefore face elastic demand at a
fixed price, which only adjusts in response to changes in the real exchange rate.
For this reason, these crops face fewer demand constraints, and their prices are
less likely to fall when production expands.
Overall, the results from the DCGE model indicate that Mozambique could
achieve 6 percent agricultural even without exceeding the maximum yield potentials
identified by the National Agricultural Research Institute. The resulting broadly
based growth would benefit both rural and urban households, although the higher
growth potential of export crops and better market conditions in certain parts of
the country may cause uneven income growth and poverty reduction.
Figure 12.2—Relative producer price changes in the Agriculture scenario
Commodity price index (2006 ⫽ 1)
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Source: The Mozambican dynamic computable general equilibrium model results.
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Comparing the Contributions of Subsector Growth to
Total Growth and Poverty Reduction

This section focuses on the contributions of individual subsectors to growth and
poverty reduction. Understanding how poverty–growth linkages vary at the subsector level is important for designing pro-poor growth strategies. Poverty–growth
elasticities are calculated to compare the pro-poorness of growth in alternative subsectors. These elasticities are endogenous outcomes of the model. Growth affects
each representative household in the model differently, depending on its unique
income and expenditure patterns. To capture poverty–growth linkages, changes in
the distribution of incomes, which are primarily determined by households’ initial
conditions, need to be understood. For example, some farmers are better positioned
than others to cultivate high-value crops, and so they benefit more from export-led
growth. However, households producing export crops are often less poor than other
households (see Table 12.1). Growth led by export crops may therefore have less of
an impact on poverty than other crops. In contrast, foodcrops tend to be a more
important income source for poor farmers, especially in remote regions. Foodcrops
may therefore be more effective at reducing poverty than export crops.
Poverty–growth elasticities reflect the responsiveness of the poverty rate to
changes in per capita GDP growth. More specifically, the elasticity measures the
percentage change in the poverty rate caused by a 1 percent increase in total GDP
per capita. Table 12.5 shows the poverty–growth elasticities calculated for each subTable 12.5—Poverty–growth elasticities in subsector scenarios
Elasticity
Sector driving growth
Agriculture scenario
Maize
Cereals
Roots
Pulses
Horticulture
Export crops
Livestock
New export crops

Poverty rate

Poverty gap

Squared
poverty gap

–0.537
–0.730
–0.648
–0.106
–0.117
–0.481
–0.294
–0.180
–0.429

–0.680
–0.914
–0.931
–0.533
–0.745
–0.582
–0.455
–0.343
–0.407

–0.801
–0.987
–1.103
–0.798
–0.923
–0.749
–0.497
–0.383
–0.444

Source: The Mozambican dynamic computable general equilibrium model results.
Notes: The poverty rate is the proportion of the population with per capita consumption below
the poverty line. The poverty gap is the extent, measured as a proportion of the poverty line,
to which a given group of poor people’s consumption level falls below the poverty line. The
squared poverty gap is the average of the squared values of the poverty gaps for different
groups of poor people.
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sector scenario. Results indicate that GDP growth driven by maize and other cereal
crops is more effective at reducing poverty than is growth driven by export crops.
The table shows that a 1 percent increase in agricultural GDP led by maize causes
the national poverty headcount rate to fall by 0.73 percent, whereas growth led by
existing export crops, such as tea and sugarcane, causes the poverty rate to decline
by only 0.29 percent. Cereals are also particularly effective at reducing poverty
among Mozambique’s poorest households, as reflected by that subsector’s enhanced
elasticities for the depth and severity of poverty (the poverty gap and squared gap,
respectively). This enhancement is driven by sorghum and millet, which are important crops for Mozambique’s poorest households. Finally, new export crops, such as
biofuels, have greater poverty-reducing potential per unit of growth than do existing
export crops. The main reason for this result is that jatropha, which accounts for
half of processed biofuels, is assumed to be produced through smallholder outgrower schemes. This increases smallholder participation in and benefits from
agricultural growth relative to traditional export crops. However, biofuels expansion,
which dominates the new export-crops scenario, is less effective at reducing poverty
per unit of growth than either cereals or horticulture.
An alternative representation of poverty–growth linkages is shown in Figure
12.3, which compares each subsector scenario’s contribution to overall agricultural
growth and poverty reduction. The higher than average poverty–growth elasticities
of growth driven by maize and other cereals can be seen by the fact that these sectors
contribute more to poverty reduction than they do to agricultural growth. However,
this does not mean that policymakers should rely on poverty–growth elasticities
when designing Mozambique’s growth strategy, because having a high elasticity can
be meaningless if a sector has poor growth prospects. Thus, even though new export
crops have lower poverty–growth elasticities than do cereals, the rapid growth
potential of these new crops means that they account for most of the overall poverty
reduction (and economic growth) in the Agriculture scenario. Biofuels may not be
the most pro-poor subsector in agriculture, but its growth potential may be more
than sufficient to overcome this limitation, and thereby generate more poverty
reduction than foodcrops can. It is equally important that an agricultural growth
strategy not overly rely on niche sectors with high growth potentials without taking
into the account their potential contribution to the national economy. A careful
assessment is therefore needed to ensure that both sustainability and povertyreduction criteria are met under a biofuels expansion (see Arndt et al. 2010).
Finally, agriculture’s proponents often cite the sector’s strong linkages to the rest
of the economy as a reason for promoting its growth (Diao et al. 2007). Table 12.6
measures agriculture’s growth-linkage effects at the subsector level. For example, the
maize-led growth scenario causes agricultural GDP to increase by 866 million
Mozambican meticals (MZN) (see Table 12.6). However, total GDP increases by
more than this amount because of backward and forward production and consump-

MOZAMBIQUE

365

Figure 12.3—Share of additional growth and poverty reduction in
sector scenarios
Percent
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0
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5

Source: The Mozambican dynamic computable general equilibrium model results.
Notes: The sector indicated is the one driving growth in the scenario. GDP = gross domestic product.

Table 12.6—Economywide growth linkages in subsector scenarios
Sectoral growth rate
(percent)
Sector driving
growth
Agriculture scenario
Maize
Cereals
Root
Pulses
Horticulture
Export crops
Livestock
New exports
Fisheries
Forestry

Additional GDP
(2003 MZN million)

Initial rate,
2003
(percent)

Baseline
scenario,
2005–15

Subsector
scenario,
2005–15

Total GDP,
2015
(1)

Agricultural
GDP, 2015
(2)

Economywide
growth-linkage
ratio
(1)/(2)

17,299
2,356
1,208
4,795
1,544
2,217
705
1,106
0
1,534
1,834

4.2
3.6
3.2
4.7
3.6
4.3
4.7
5.2
0.0
2.0
5.3

6.6
5.1
3.6
5.1
4.2
5.3
8.7
5.8
765.0
5.6
6.1

8,563
1,227
494
1,091
381
689
519
377
513
498
3,041

6,538
866
306
636
236
485
350
230
616
318
3,026

1.31
1.42
1.61
1.71
1.62
1.42
1.48
1.64
0.83
1.57
1.01

Source: The Mozambican dynamic computable general equilibrium model results.
Notes: Additional GDP is relative to the baseline scenario. GDP = gross domestic product. MZN = Mozambican meticals.
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tion linkages. For example, increasing maize production stimulates growth in downstream food processing while also reducing food prices and increasing real incomes
that are then spent on nonagricultural commodities. Overall GDP increases by
MZN1,227 million, which means that for every MZN1.00 increase in agricultural
GDP driven by maize-led growth, there is an additional MZN0.42 increase in
nonagricultural GDP (that is, a growth–linkage ratio of 1.42). Comparing these
ratios across model scenarios suggests that, even though livestock-led growth contributes less to agricultural growth in the Agriculture scenario (see Figure 12.3), it
is more effective at stimulating nonagricultural growth than is growth driven by
traditional export crops. The latter has weaker economywide growth linkages,
because most of these crops are exported directly as raw materials and do not generate many downstream employment opportunities.
Conclusions

Mozambique may be one of the world’s fastest growing countries, but the ability of
this rapid growth to reduce poverty has recently been called into question. The poor
performance of the agricultural sector appears to impose limits on how widespread
the benefits of growth are likely to be. Slow agricultural growth is the result of consistent underinvestment in the sector rather than low agroecological potential or a
lack of foreign interest in investing in new export opportunities, such as biofuels. This chapter described a DCGE model of Mozambique and used this to
evaluate the impact of accelerating agricultural growth through investment in particular crops and subsectors.
Model results indicated that, if Mozambique can achieve very reasonable
improvements in crop and livestock yields, then the country could readily achieve
the 6 percent agricultural growth target agreed on in the CAADP. This growth rate
would greatly reduce the national poverty rates and lift almost 1 million people
above the poverty line. Most households are likely to benefit, including those in
rural and urban areas. However, some regions would stand to gain more than others,
particularly those in a position to grow crops for foreign markets, such as tobacco
and maize.
This chapter also compared subsector growth impacts. Results indicate that
growth driven by cereals, particularly maize, is more effective at reducing poverty
than similar growth in export crops. Accordingly, high priority should be given to
improving yields for maize and other cereal crops.
Achieving broadly based agricultural growth and poverty reduction will require
growth in a range of subsectors. It will also require additional nonagricultural
growth to overcome domestic demand and marketing constraints. However, the
estimated poverty–growth elasticities, sectoral growth potentials, and size and link-
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age effects indicate that maize and other cereals should be accorded high priority in
Mozambique’s agricultural growth strategy. This is because yield improvements in
cereal crops not only benefit households directly (by increasing incomes from agricultural production), but they also allow farmers to diversify into horticulture and
other high-value crops. Cereals are already a large sector, and they have strong
downstream linkages to nonagriculture. Thus, cereals growth stimulates economywide growth and poverty reduction. However, the results from this study reveal the
importance of Mozambique exploring new export crops, particularly biofuels.
Although biofuel feedstock crops may not be the most effective at reducing poverty
per unit of growth, their extremely high growth potential means that they could
indeed lead the agricultural sector in generating national growth and poverty reduction. A more careful assessment is needed to gauge sustainability and to identify
ways to ensure poverty reduction from biofuels expansion (see Arndt et al. 2010).

3,028
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

Area (thousand ha)
Share (percent)
Maize
Rice
Other cereals
Cassava
Other roots
Pulses
Groundnuts
Cashews
Vegetables
Fruits
Tea
Tobacco
Sugarcane
Cotton
Other crops

336
11.1
11.5
0.1
24.5
1.9
11.5
10.5
2.8
1.3
10.5
10.5
0.0
37.9
0.0
0.3
5.9

Niassa
406
13.4
11.9
2.6
16.6
14.2
1.7
8.4
12.5
1.3
8.4
8.4
0.0
1.0
0.0
31.9
19.2

Cabo
Delgado
555
18.3
7.7
0.8
23.5
28.1
3.3
11.1
43.0
46.6
11.1
11.1
0.0
7.7
0.0
22.0
29.2

Nampula
422
13.9
11.1
82.1
2.8
33.8
22.2
7.6
6.2
0.4
7.6
7.6
0.0
13.6
0.0
8.8
5.7

Zambezia

Source: Authors’ calculations using crop production data (Mozambique, MoA 2005).
Note: ha = hectares.

National

Indicator/sector

Table 12A.1—Harvested cropland distribution across provinces

Appendix

249
8.2
13.6
0.0
1.6
0.8
16.2
9.7
10.4
0.0
9.7
9.7
0.0
36.2
0.0
17.8
14.2

Tete
235
7.8
12.7
0.0
5.6
3.7
12.5
5.4
6.8
0.0
5.4
5.4
100.0
3.1
0.0
5.1
15.6

Manica
295
9.8
9.1
14.2
23.8
1.9
2.6
3.8
4.1
0.4
3.8
3.8
0.0
0.2
10.0
14.1
10.1

Sofala
230
7.6
7.8
0.0
1.3
10.0
1.6
22.8
10.9
13.5
22.8
22.8
0.0
0.2
0.0
0.0
0.1

Inhambane

226
7.5
12.7
0.0
0.3
4.6
24.1
17.9
1.4
13.5
17.9
17.9
0.0
0.0
0.0
0.0
0.0

Gaza

74
2.4
1.9
0.2
0.0
1.1
4.3
2.8
2.0
23.0
2.8
2.8
0.0
0.0
90.0
0.0
0.1

Maputo
Province
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Table 12A.2—Structure of the Mozambican social accounting matrix
Agricultural sectors

Industrial sectors

Service sectors

Factors
Households
Regions

Maize; rice; wheat; other cereals (including sorghum and millet); cassava; other roots
(including sweet potatoes and Irish potatoes); pulses and oilseeds (including mixed
beans and soybeans); groundnuts; cashew nuts; vegetables; fruits; tobacco; cotton;
sugarcane (not for biofuels); tea; other crops (including sunflower seeds and
paprika); export bananas; sugarcane for ethanol; jatropha for biodiesel; cattle;
poultry; other livestock (including goats, sheep, and pigs); fisheries; forestry
Meat and fish processing; grain milling; other food processing; sugar processing;
tobacco processing; beverages; cotton ginning; textiles and clothing; wood products
(excluding furniture); petroleum products; diesel products; ethanol production;
biodiesel production; other fuels; other chemical products (including plastics);
nonmetallic minerals (including glass); metal products (including aluminum);
machinery; transport equipment; other manufacturing (including furniture); mining;
electricity; water; construction
Wholesale and retail trade services; hotels and catering; transport; communications;
financial services; business and real estate; government administration and
services; community and other private services
Family farmworkers by region; unskilled and semiskilled workers (working on and off
farm); skilled nonfarm workers; agricultural land by region; economywide capital
Rural and urban quintiles within each region (210 in total)
Cabo Delgado; Gaza; Inhambane; Manica; Maputo Province (rural); Nampula; Niassa;
Sofala; Tete; Zambezia; Metropolitan centers (Maputo City and Beira)

Source: Author’s representation of Mozambique’s production economy.
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Chapter 13

Tanzania
Karl Pauw and James Thurlow

D

espite its poor performance during the 1980s and 1990s, Tanzania’s economy
expanded rapidly after the turn of the century, with national gross domestic product (GDP) growing at 6.6 percent per year during 1998–2007
(Tanzania, MFEA 2008). This rate was almost double the average growth rate
achieved in the previous decade; between 1990 and 1995 the recorded growth was
only 2.7 percent, after which it steadily improved to reach 5 percent per year by
2000. Recent economic growth also appears to have been relatively broadly based.
Although the newly established gold-mining sector recorded the highest growth
rates during 1998–2007, it was the large agriculture and manufacturing sectors that
contributed the most to national growth.
Despite Tanzania’s high and seemingly broadly based economic growth, household income poverty has remained virtually unchanged. The national poverty
headcount fell only 2.1 percentage points (from 35.7 percent in 2000/01 to 33.6
percent in 2007), with equally modest declines in rural and urban areas (World
Bank 2009). In comparison, poverty declined by about 2 percentage points between
1992 and 2000, despite significantly lower economic growth at the time (Treichel
2005). Economic growth therefore appears to have little effect on poverty in
Tanzania. Moreover, its impact on poverty seems to have become weaker over time.
This trend raises concerns over a possible decoupling of economic growth and
poverty reduction in Tanzania. Moreover, the household surveys find that income
inequality did not change significantly during 2001–07 (World Bank 2009).
Although this may suggest an inconsistency between the growth reported in national
accounts and the poverty and inequality changes reported in the household surveys,
the weak poverty–growth relationship remains a concern that underlines the need
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to better understand the poverty and distributional consequences of alternative
sources of growth.
Along with persistent income poverty, Tanzania also suffers from high levels of
malnutrition. About 17 percent of children are underweight, and 4 out of every 10
children are stunted (World Bank 2007, 2008). Recent trends suggest that even
though average per capita agricultural GDP expanded rapidly during 1998–2007,
caloric availability at the household level hardly improved. For example, estimates
based on the two latest household surveys show that the share of people who had
insufficient calories available to them fell only slightly, from about 25.0 to 23.5
percent, between 2001 and 2007 (World Bank 2009). Thus, rising farm and
national incomes have little effect on households’ access to food, ability to acquire
food, or both; and it raises further concerns about a possible disconnect between
agricultural growth and nutritional outcomes.
Tanzania’s development outcomes over the past decade raise three questions:
1. Is the level and structure of the current economic growth path consistent with
the slow decline in national poverty and only modest improvement in households’ caloric availability?
2. What is the contribution of agriculture in reducing poverty and raising caloric
availability?
3. Which agricultural subsectors are most effective at achieving national growth,
poverty reduction, and nutrition objectives?
We address these questions using a dynamic computable general equilibrium
(DCGE) model for Tanzania, as described in Chapter 2 of this volume. A microsimulation model is linked sequentially to the DCGE model to measure how
changes in economic growth affect both household poverty and the availability of
calories in households. This combination of poverty and nutrition modules and a
focus on these joint outcomes is a unique feature of the Tanzanian case study.
This chapter is organized as follows. We first look at the recent growth performance of the Tanzanian economy and consider the impact of structural adjustment
policies on growth and development in the agricultural sector in particular. We then
briefly discuss the structure of the Tanzanian DCGE model, its underlying data
sources, and the accompanying microsimulation models used to evaluate poverty
and nutritional impacts at the household level. Model results are presented for a
baseline scenario and an accelerated growth scenario. Finally, agricultural subsectors
that are most effective at generating economic growth, reducing income poverty,
and improving nutrition in Tanzania are identified. The final section draws together
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the main findings and identifies policy options for realizing agricultural growth,
poverty reduction, and nutrition objectives.
Agriculture in Tanzania
Agricultural Performance under Structural Adjustment

Tanzania’s growth path over the past decades is best evaluated in the context of the
structural adjustment policies introduced during the 1980s. After the weak performance of the economy during the 1970s—ascribed largely to internal factors, such
as the highly monopolized state-run banking system, a large and inefficient government sector, and government control over domestic prices and the exchange rate
(Meertens 2000)—a period of structural adjustment followed in the 1980s. The
structural adjustment program provided for an increased role of markets and is
generally praised for the role it played in bringing about macroeconomic and price
stability (Treichel 2005). This stability allowed the Tanzanian economy to shift to
a higher growth plane. However, the gains did not extend to the agricultural sector
as much as was hoped for, with agricultural output per capita stagnating or even
falling throughout the 1990s (Danielson 2002).
Various factors have contributed to the urban bias created by the structural
adjustment program. One of the important early outcomes of structural adjustment
and the overall deregulation that accompanied it was a sharp depreciation of the
Tanzanian currency toward the end of the 1980s. Although a weaker currency was
potentially beneficial to agricultural exporters, it also meant that the cost of intermediate inputs, many of which were (and still are) imported, such as fertilizers and
agricultural machinery, increased rapidly. This resulted in a sharp decrease in fertilizer use—an effect compounded by the removal of government input subsidies—
and an overall demechanization of agriculture (Meertens 2000). Reduced fertilizer
use is considered one of the main causes of declining agricultural yields, and reduced
productivity further counteracted potential gains from the currency depreciation
(Danielson 2002). Moreover, as domestic crop prices remained stagnant, those
producing for the local market faced a cost–price squeeze; for example, Morris et al.
(2007) cite evidence that fertilizer–crop price ratios more than doubled in such
countries as Tanzania between 1980 and the mid-1990s. With rapidly deteriorating
profits, there was little or no incentive to invest in agriculture.
Under structural adjustment Tanzania’s government steadily reduced direct
support for agriculture, which left a void that the private sector was unwilling or
unable to fill. Especially for farmers who were geographically isolated, deregulation
and the “receding presence of institutional credit and crop purchases at guaranteed,
territorially uniform prices meant times were harder than ever” (Putterman 1995,
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321). This situation, together with a weak physical infrastructure in the country, led
to structural bottlenecks in agricultural supply, which explains the low or even negative agricultural supply elasticities at the time (Danielson 2002).
Tanzania’s agricultural sector remains fairly traditional, with little use of modern
inputs and farming practices. Farmers are reluctant to adopt improved seed varieties
(for example, drought-resistant species) because of low market and consumption
values and the high labor investment associated with their cultivation (Eriksen
2001). The Minister of Agriculture, Food Security and Cooperatives in Tanzania
recently stated that 90 percent of farmers still use low-productivity recycled seeds,
which he ascribed to weak extension services, a lack of credit, and high seed prices
stemming from the inefficient and underdeveloped seed distribution and marketing
system (African Agriculture 2008). Additionally, less than 1 percent of land suited
to it is currently under irrigation (JGDPG 2009). Where irrigation systems do exist,
they are costly to maintain and are underdeveloped, especially in poor communities
(Mmbaga and Lyamchai 2001). Changing farming practices have also played a role.
Whereas historically the traditional agricultural method of fallow and rotation was
followed in Tanzania, population growth, rural–urban migration, and increased
export opportunities have led to the adoption of persistent-farming practices (Wiig
et al. 2001). On many farms soils are no longer allowed to recuperate naturally,
which means that erosion and nutrient depletion are pervasive. This degradation is
aggravated when nutrients are not replaced artificially using organic and mineral
fertilizers.
In contrast to an overall economic growth rate of about 7 percent since 2002,
agricultural growth has been volatile and weak relative to that of other sectors,
fluctuating between 3 and 6 percent annually since 2000 (JGDPG 2009). At the
subsector level, however, there are some success stories. Table 13.1 evaluates the
structure of crop production in Tanzania more closely. More than half of total harvested land area is allocated to cereals, of which maize is the country’s dominant
staple foodcrop produced mainly by subsistence smallholders. Despite its favorable
agroecological conditions, Tanzania is a net importer of cereals. Maize yields are
typically low (0.88 tons per hectare), given the constraints discussed above. In contrast, wheat is produced almost exclusively by large-scale commercial farmers in the
Northern zone using modern inputs. Growth in cereal production varies greatly by
crop (FAO 2009). Maize production expanded slower than the overall population
during 2000–07, implying declining per capita production. In contrast, wheat and
rice grew rapidly during the same period, with rice becoming a particularly important crop for smallholder farmers in the Western and Lake zones (Tanzania, MAFSC
2006) and an important food source for higher income households (World Bank
2009). Indeed, even the rapid expansion of rice and wheat production has failed to
keep pace with rising consumer demand, causing imports to rise. Thus, it was rice
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Table 13.1—Agricultural production statistics
Harvested land area, 2007

Crop
Total
Cereals
Maize
Sorghum
Millet
Rice
Wheat and barley
Roots
Cassava
Other roots
Pulses and oilseeds
Pulses
Coconuts
Oilseeds
Horticulture
Plantains
Fruits
Vegetables
Export crops
Coffee
Cashews
Cotton
Sisal
Sugarcane
Tea
Tobacco
Other crops

Level
(thousand ha)

Share
of total
(percent)

8,209

100.00

2,690
649
256
546
80

Production quantity

Large-scale
farm share
(percent)

Level, 2007
(thousand mt)

Growth,
2000–07
(percent)

Yield, 2007
(mt/ha)

32.77
7.91
3.12
6.65
0.97

0.82
0.00
0.00
0.00
100.00

2,354
486
139
1,084
95

2.08
3.31
0.17
6.24
8.49

0.88
0.75
0.54
1.99
1.18

660
539

8.04
6.57

0.00
0.00

5,284
1,168

3.54
5.26

8.01
2.17

792
310
380
647
308
167
172

9.64
3.78
4.62
7.89
3.75
2.03
2.10

1.37
100.00
0.00
0.00
0.00
8.15
0.00

516
370
238

–4.32
0.00
5.01

0.65
1.19
0.63

565
671
1,163

0.12
11.98
0.22

1.83
4.02
6.74

137
80
295
46
17
19
34
33

1.67
0.97
3.59
0.56
0.21
0.23
0.41
0.40

40.90
11.23
0.00
100.00
60.88
69.51
27.21
0.00

53
75
181
24
273
30
18
17

–0.03
–2.12
9.49
3.60
8.47
3.80
11.39
1.76

0.39
0.94
0.61
0.51
16.06
1.59
0.52
0.51

Sources: Authors’ calculations using Tanzania, MAFSC (2004); FAO (2009); and the Tanzanian dynamic computable general
equilibrium model results.
Notes: ha = hectares. mt = metric tons. mt/ha = metric tons per hectare. Blank cells = not applicable.

and wheat that drove growth in cereal production during 2000–07 and not the more
widely produced maize.
Roots, such as cassava and potatoes, are also important food sources in Tanzania
and account for almost 15 percent of harvested land. Roots performed well during
2000–07, with more than 4 percent annual growth. In contrast, higher value pulses
and vegetables stagnated; production of pulses production declined by more than
4 percent each year. This decline was offset by rapid growth in fruit production in
the Northern and Eastern zones and by oilseed crops grown in most parts of the
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country. Noncereal foodcrop production has therefore been characterized by slow
growth in the more widely produced pulses and vegetables, and fast growth in more
regionally concentrated fruits.
Some of the fastest growth rates during 2000–07 were for export crops.
Traditional crops, such as cotton, sugarcane, and tobacco, grew by almost 10 percent
per year. These crops are highly concentrated in specific regions. Cotton is mostly
produced by smallholders in the Western and Lake zones (81.5 percent of output).
Tobacco, another smallholder crop, is mainly produced in the Western and
Highlands zones (82.8 percent). Finally, sugarcane is mostly produced by large-scale
commercial farmers in the Eastern and Northern zones (83.8 percent). Together,
these three crops generated 17.4 percent of total merchandize exports in 2007.
Export agriculture therefore grew rapidly during 2000–07, driven by the strong
performance of a few regionally concentrated crops.
Finally, livestock and fisheries are key subsectors, accounting for almost onethird of agricultural GDP. Fisheries kept pace with overall agricultural production
during 1998–2007, growing at 5.1 percent per year. However, livestock has lagged
behind crop agriculture, growing at only 3.3 percent per year. Incomes from cattle
and poultry are important for farm livelihoods in many parts of the country, especially for low-income households (World Bank 2009). Thus, their slow growth will
have implications for households’ incomes, especially for the poor.
In conclusion, the examination of recent production trends suggest that
although the agricultural sector as a whole performed reasonably well between 2000
and 2007, the source of this growth has been concentrated among a few crops. Rice
and wheat, for example, dominate cereal production trends, and cotton, tobacco,
and sugar grew at almost 10 percent per year. These well-performing crops are more
heavily concentrated in the northern and eastern periphery of the country and are
more often produced by large-scale commercial farmers. Agricultural growth has
therefore not benefited those who are most likely to be poor, such as subsistence
farmers.
Agricultural Growth Potential

Tanzania’s Minister of Agriculture, Food Security and Cooperatives thinks that the
current agricultural growth rate of 3–6 percent is insufficient, arguing that it should
be closer to 10 percent if the country is to reach its Millennium Development Goals
(African Agriculture 2008). This growth rate would require substantial improvements in agricultural productivity and more effective land use. Given the underutilization of resources, policymakers are optimistic that such a high level of
agricultural growth is attainable. For example, only 23 percent of arable land is currently used for agricultural production; there is large scope for expanding irrigation,
and many freshwater resources remain underutilized; and livestock production is
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not yet commercially exploited. The government has therefore identified the agricultural sector as a future engine of growth; given the sector’s potential to reduce
poverty, the transformation of agriculture is regarded as the foundation of the country’s socioeconomic development plan (JGDPG 2009).
There is still debate about which types of interventions should enjoy priority.
The Tanzanian government seems intent on investing heavily in irrigation (see
Wolter 2008; Malley, Taeb, and Matsumoto 2009), but the Ministry of Agriculture,
Food Security and Cooperatives also realizes the importance of the use of modern
inputs, which could be achieved through the provision of improved extension services by the government (African Agriculture 2008). The adoption of droughtresistant crops and technologies is already an explicit priority in certain Tanzanian
districts (Eriksen 2001); the success of smart input subsidies in neighboring Malawi
has prompted Tanzania to adopt a similar voucher-based program (Sanchez,
Denning, and Nziguheba 2009). The distribution of inputs, however, remains a
constraint. In 2003, for example, Tanzania only had 300 input dealers, mostly located
in urban and semiurban areas. Smallholder farmers therefore have to travel long
distances, on average about 20–30 km, to purchase fertilizer (Morris et al. 2007).
Malley, Taeb, and Matsumoto (2009) agree that improved fertilizer application
is required to raise soil productivity, but they stress the importance of combining
policies that promote fertilizer use with programs that educate farmers about sustainable use and management of land resources. The benefits of conservation farming techniques are well documented in Tanzania and elsewhere. For example, trials
show that during dry years crop yields using conservation farming methods are two
to three times higher than those obtained using traditional methods (Mmbaga and
Lyamchai 2001).
Although on-farm reforms are important, Wolter (2008) insists that they will
only yield results if the three classic constraints to agricultural growth—infrastructure,
financial services, and land rights—are addressed simultaneously. Thus, rural roads,
storage facilities, and the accessibility of ports and airports should be improved;
access to credit needs to be improved by reforming the almost nonexistent banking
sector; and land rights and ownership issues need to be addressed to attract largescale agricultural investments, especially from abroad (Wolter 2008).
A review of the literature cited here suggests a great deal of consensus that the
withdrawal of government under structural adjustment went too far in Tanzania.
Meertens (2000) calls for a modification of structural adjustment, arguing that the
cost of subsidizing agriculture will be a better investment in food security than having to import food, as is currently the case. Investment in agricultural research and
development in Africa has been associated with returns in excess of 20 percent (see
Thirtle, Lin, and Piesse 2003). In Tanzania, such investments are bound to pay off.
For example, Fan, Nyanga, and Rao (2005) show that investing in research and
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extension in Tanzania has large positive impacts on agricultural growth and household incomes. The econometric estimates of Fan, Nyanga, and Rao (2005) suggest
that every 1 million Tanzanian shillings (TZS) spent on agricultural research (in
1999 prices) increases household incomes by TZS12.5 million and lifts 40 people
above the poverty line. Moreover, the returns to agricultural research are found to
have higher impacts than similar investments in education and rural roads, both of
which also have positive returns.
Despite these high expected returns, budgetary allocations to agriculture averaged only 3 percent of the total budget during 2004–07. This share has also deteriorated over time (Tanzania, MFEA 2008). Moreover, spending on research and
extension comprises less than 15 percent of the agricultural budget. The Tanzanian
government’s renewed focus on agriculture as a driver of growth and socioeconomic
development is hopefully an indication of a turnaround in these trends. Without
such a policy shift Tanzania’s agricultural growth potential is unlikely to be
realized.
The Tanzanian DCGE Model and Nutrition Module

The Tanzanian DCGE model is calibrated with a 2007 social accounting matrix
(SAM). The SAM includes 58 sectors, half of which are in agriculture and agroprocessing (see Table 13A.1 in the appendix to this chapter). Agricultural sectors are
further disaggregated into 20 subnational regions, which for reporting purposes here
are grouped into eight agricultural zones. The model also distinguishes between smalland large-scale farmers. This spatial dimension of the model captures different cropping patterns and agroecological conditions in the country. Data on crop production
and livestock are from the 2002/03 agricultural sample census (Tanzania, MAFSC
2004, 2006). Nonagricultural production and employment data were compiled from
the 2000/01 Household Budget Survey (HBS) (Tanzania, NBI 2002). On the demand
side, information on industrial technologies (such as intermediate and factor demands)
was taken from an earlier SAM for Tanzania (Thurlow and Wobst 2003).
The SAM identifies 110 different household groups. Rural farm households
are disaggregated into the 20 subnational regions and five income quintiles. The
model also distinguishes rural and urban nonfarm households, each disaggregated
into income quintiles. Income and expenditure patterns and income elasticities for
the various household groups were estimated using HBS 2000/01. The model includes 58 commodities. To improve results at the microlevel, the DCGE model is
linked to a microsimulation model used to produce poverty and improve nutrition
results at the individual household level.
As described in Chapter 2 of this volume, the poverty module measures the
change in the incidence of poverty by linking changes in the value of some aggregate
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measure of consumption observed for each of the household groups in the DCGE
model to the individual households in the microsimulation model. In general, the
strength of the poverty–growth relationship depends on the structure of growth and
how the poor are linked to various economic sectors or subsectors via consumption
and employment (Ravallion and Datt 1996; Mellor 1999). Poor people in developing countries typically derive a large share of their incomes from agricultural activities or allocate a large share of their budgets to food consumption, or both. Thus,
agricultural productivity growth has the potential to reduce poverty via both income
and consumption channels (Diao, Hazell, and Thurlow 2010). However, even
agricultural productivity growth may not effectively reduce poverty if it is not concentrated in those regions or subsectors where resource-poor farmers are typically
located, or if it is driven by growth in subsectors that produce goods not consumed
intensively by the poor (for example, export products). To understand the effect of
growth on poverty, it may therefore be necessary to focus on subsector growth
patterns.
Growth affects nutrition in much the same way as it does poverty. The growth–
nutrition relationship is, however, more complex than the poverty–growth relationship. Poverty analyses typically consider utility derived from a broad range of
consumption items, whereas nutrients are only derived from food consumption.
When growth causes incomes to rise, nutrition generally improves, as households
are able to purchase more or better foods (Timmer 1988). However, because different food types have different nutritional attributes, it is also necessary to consider
how growth-induced income and relative changes in food prices affect households’
food consumption baskets. For example, if the price of calorie-rich maize increases
and that of protein-rich meat declines so that the overall food price index is
unchanged, the calorie deficiency rate might decline and the protein deficiency rate
might increase, even though the poverty rate remains unchanged.
Many studies on nutrition or food demand focus on food energy (calories),
where caloric availability is estimated from household expenditure surveys (hence
the term “caloric availability” as opposed to “intake”). Although other macro- and
micronutrients are important, a narrow focus on caloric availability is perhaps justified by the spending preferences of poor consumers, who allocate a large share of
their incomes to calorie-rich food types, mainly to avoid feeling hungry (Ecker
2009). Calorie-rich food types are also often more abundant and cost less per calorie
than other food types. Policies that lower the cost of these calorie-rich foods relative
to others may therefore have a significant impact on caloric intake. To illustrate,
Table 13.2 compares calorie contents across different food types in Tanzania. The
table also shows how the price per 100 kilocalories varies across these products. For
example, livestock products have higher calorie contents per 100-gram serving
compared to most other food types, but the higher price of animal products means
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Table 13.2—Calorie content, price per kilocalorie, and caloric availability by
population group

Sector
Cereals
Maize
Sorghum and millet
Rice and wheat
Roots
Pulses and oilseeds
Horticulture
Plantains and fruits
Vegetables
Livestock and processed meat
Sugar
Purchased meals (restaurants)
Other foods
Average/total

Average
calories per
100-gram
servinga

Mean
price
(TZS) per
100 kcalb

Urban

Rural

Poorc

Nonpoor

All

319
288
287
305
178
443
49
68
43
266
222
91
231
217

6.3
4.7
7.1
17.2
5.5
10.9
19.8
8.6
65.2
26.0
13.2
23.5
33.9
10.5

1,412
1,069
82
261
194
395
141
97
45
278
215
133
168
2,938

1,752
1,382
220
150
477
308
197
162
35
232
106
63
82
3,217

1,390
1,112
194
85
424
196
106
78
27
125
50
25
44
2,358

1,885
1,461
194
230
423
411
240
197
43
318
178
111
135
3,699

1,687
1,322
194
172
423
325
186
149
37
241
127
76
98
3,163

Average per capita caloric availability

Sources: Authors’ calculations using the 2000/01 Household Budget Survey (Tanzania, NBI 2002) and Lukmanji et al. (2008).
Notes: kcal = kilocalories. TZS = Tanzanian shillings.
a
Estimates derived from Lukmanji et al. (2008). No consumption weights are applied; for example, the category “Cereals” is
based on equal amounts of maize, sorghum, millet, rice, and wheat to make up a standard serving.
bValues are national averages based on consumption data in the 2000/01 Household Budget Survey. Total expenditure on
different food items is divided by the calorie content; that is, consumption weights do come into play.
c
The poverty line is defined as the 40th percentile of per capita expenditure (as reported in the 2000/01 Household Budget
Survey), so that the bottom two expenditure quintiles of the population are defined as poor.

that they are ultimately an expensive source of energy. The remainder of the columns
show the average number of calories that are available from different food products
for urban/rural and poor/nonpoor households. Because per capita incomes are fairly
low on average, it is unsurprising that a large share of daily calories is obtained from
foods with low prices per calorie, particularly the staple maize. The share is slightly
higher for rural/poor households compared to urban/nonpoor households, given
welfare differences between these household subgroups.
Looking only at income changes and how they affect household access to food,
as partial equilibrium analyses sometimes tend to do, is inadequate. A comprehensive analysis of growth and nutrition should also focus on the supply side (that is,
food availability), preferably within an integrated framework. A general equilibrium
framework, through combining the supply and demand sides, allows us to consider
both the access and availability dimensions of food security and nutrition. Prices are
endogenous in a general equilibrium system, which, as argued earlier, is an important demand-side consideration in nutrition analyses.
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The nutrition module operates in much the same way as the poverty module:
consumption results for different household groups are linked to individual households in the microsimulation model. The microsimulation model draws on food
consumption data from HBS 2000/01 and caloric content tables from Lukmanji
et al. (2008) to calculate initial household caloric availability. The DCGE model
results on changes in food consumption quantities (not values) are then applied to
the survey data to estimate changes in household caloric availability. We compare
both the original and new levels of caloric availability against a “malnutrition line”
of 2,550 kilocalories (per male adult equivalent) to determine changes in caloriedeficiency rates. Equivalence scales are from UNU, WHO, and FAO (2004). Thus,
both the size and demographic structure of households determine the minimum
number of calories required by each household.
Baseline Growth Scenario

Table 13.3 shows the observed production growth rates for 2000–07 and modeled
growth rates in the baseline scenario. Taking maize as an example, national production in the baseline scenario grows at 2.11 percent per year during 2009–15,
which is similar to the 2.08 annual growth rate observed during 2000–07. This
increase is partly achieved by allowing total harvested land area in Tanzania to
expand by 2 percent per year during 2009–15. The model endogenously allocates
available land in each of the 20 regions across crops to maximize returns. We then
exogenously increase total factor productivity (TFP) for each crop and region to
achieve the targeted production growth rate. This increase causes cropland yields
to change. For example, maize yields rise from 0.91 to 1.02 tons per hectare during 2009–15 in the baseline scenario (that is, the annual yield growth rate is 1.45
percent, as shown in the table). This process of targeting production trends is
repeated for each crop and livestock subsector. We also target nonagricultural sector
GDP growth rates using trends from national accounts for 1998–2007 (Tanzania,
MFEA 2008).
Table 13.4 shows average annual agricultural GDP growth after replicating
crop-level production trends. The agricultural GDP growth rate is 4 percent in the
baseline scenario for 2009–15. This suggests that the agricultural growth rate
reported in national accounts for 1998–2007 (4.4 percent) is broadly consistent
with subsector production trends. Crop agriculture’s GDP growth rate, for example,
grows at 4.23 percent per year in the baseline scenario, compared with the observed
4.76 percent growth rate reported in national accounts. Thus, in line with recent
trends, agricultural growth in the baseline scenario is driven by strong growth in
crop agriculture and more modest growth in livestock. National economic growth,
however, is driven by a rapid expansion of industry and services. Manufacturing is
partly constrained by slower agricultural growth, which limits upstream food pro-

Cereals
Maize
Sorghum
Millet
Rice
Wheat and barley
Roots
Cassava
Other roots
Pulses and oilseeds
Pulses
Coconuts
Oilseeds

Sector

1.45
1.57
–2.85
4.00
7.08

2.52
5.16

–6.97
–1.41
4.49

0.91
0.78
0.50
2.20
1.40

8.57
2.47

0.53
1.15
0.70

Initial Level,
2009
(mt/ha)

Baseline
scenario
growth rate,
2009–15
(percent)

0.38
1.18
0.98

11.13
3.72

1.24
0.93
0.50
3.09
2.47

Agriculture
scenario
target level,
2015
(mt/ha)

Crop yielda

–4.05
0.31
4.33

3.32
5.25

3.94
2.19
0.08
4.30
7.36

482
372
272

5,737
1,296

2,508
534
144
1,251
116

–4.32
0.00
5.01

3.54
5.26

2.08
3.31
0.17
6.24
8.49

–1.90
0.07
4.88

3.07
3.87

2.11
3.35
1.02
5.55
8.68

498
429
432

7,972
1,887

3,593
751
186
1,974
231

0.42
1.81
5.94

4.20
4.81

4.60
4.36
3.23
5.86
8.97

Agriculture
Baseline
Agriculture Agriculture
scenario
Observed
scenario
scenario
scenario
growth rate, Initial Level, growth trend, growth rate, target level, growth rate,
2009–15
2009
2000–07
2009–15
2015
2009–15
(percent) (thousand mt) (percent)
(percent) (thousand mt) (percent)

Production quantityb

Table 13.3—Crop yield, area, and production outcomes in the baseline and Agriculture scenarios (national level)
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–1.54
12.41
–0.80

–2.41
–5.97
7.71
1.89
7.66
2.21
10.33
–0.27

1.74
5.58
6.55

0.37
0.81
0.73
0.52
19.22
1.73
0.66
0.51

0.51
0.81
1.34
0.69
36.04
2.34
1.46
0.59

1.79
13.59
7.55
4.05
0.00
7.88
3.48
8.18
3.82
10.38
1.82

0.30
11.76
1.79
53
68
225
25
340
34
23
17

580
787
1,180
–0.03
–2.12
9.49
3.60
8.47
3.80
11.39
1.76

0.12
11.98
0.22
–0.95
–4.56
9.33
3.41
9.27
3.74
11.98
1.22

0.89
6.94
0.37
82
76
465
37
718
52
58
22

706
1,388
1,485
5.61
1.49
9.50
5.03
9.80
5.37
12.03
3.34

2.49
7.35
2.92

Sources: Authors’ calculations using Tanzania, MAFSC (2006); FAO (2009); and the Tanzanian dynamic computable general equilibrium model results.
Notes: Initial yields and production quantities are the results from the Tanzanian dynamic computable general equilibrium model after applying observed production trends for 2000–07
to the model’s 2007 base year. mt = metric tons. mt/ha = metric tons per hectare.
a
Values are exogenous to the model.
b
Values are endogenous within the model.

Horticulture
Plantains
Fruits
Vegetables
Export crops
Coffee
Cashews
Cotton
Sisal
Sugarcane
Tea
Tobacco
Other crops
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Table 13.4—GDP growth rates in the baseline and Agriculture scenarios
Share of total
(percent)

Sector
Total GDP
Agriculture
Crop agriculture
Cereals
Roots
Pulses and oilseeds
Horticulture
Export crops
Livestock
Other agriculture
Mining
Manufacturing
Food processing
Other agroprocessing
Other industry
Services
Crop and livestock
Western
Lake
Southwestern
Highlands
Southeastern
Eastern
Central
Northern

Total GDP,
2009
100.00
31.84
22.28
8.32
3.27
2.71
5.20
2.79
5.54
4.02
3.93
8.84
4.03
2.65
10.39
45.01
27.82
4.45
5.99
2.74
2.28
1.10
3.75
1.43
6.08

Agricultural
GDP,
Observed
2009
1998–2007
100.00
69.99
26.12
10.28
8.51
16.32
8.76
17.39
12.62

87.4
14.0
18.8
8.6
7.2
3.4
11.8
4.5
19.1

Baseline
scenario,
2009–15

Agriculture
scenario,
Baseline

Change
from
baseline,
2015
(percentage
points)

6.17
3.97
4.23
4.95
4.42
0.64
2.62
7.24
3.24
3.47
12.36
6.93
4.44
8.63
7.05
6.51
4.03
5.43
3.54
2.49
4.81
2.00
4.84
3.31
3.79

6.83
5.87
6.33
6.91
5.87
3.05
5.02
9.75
4.76
4.75
12.34
7.71
6.58
8.77
7.02
6.63
6.02
6.76
5.32
5.01
7.17
5.21
6.60
5.33
6.08

0.66
1.90
2.10
1.96
1.45
2.41
2.41
2.51
1.51
1.28
-0.02
0.78
2.14
0.14
-0.03
0.12
1.98
1.33
1.77
2.52
2.36
3.20
1.77
2.02
2.30

Average annual growth rate
(percent)

6.57
4.40
4.76
n.a.
n.a.
n.a.
n.a.
n.a.
3.30
4.12
14.39
7.60
n.a.
n.a.
8.25
7.07
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

Source: Authors’ calculations using Tanzania, MFEA (2008), and the Tanzanian dynamic computable general equilibrium model
results.
Notes: Regional GDP includes only crops and livestock, because the fisheries and forestry subsectors are not disaggregated
across subnational regions in the model. GDP = gross domestic product. n.a. = not available. Blank cells = not applicable.

cessing. In contrast, agroprocessing benefits from fast growth of cotton and tobacco.
Ultimately, total GDP grows at 6.17 percent per year in the baseline scenario, which
is broadly consistent with its 6.57 percent annual growth during 1998–2007.
The model predicts changes in household consumption spending on different
commodities for a range of representative household groups (that is, regional rural
or urban and farm or nonfarm households). Household consumption changes in
the DCGE model are passed down to individual households in the microsimulation
model, where standard poverty and nutrition measures are recomputed. This infor-
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mation is used to calculate poverty– and calorie–growth elasticities, which are
compared against their initial levels.
The poverty−growth elasticity is defined as the percentage decline in poverty
resulting from a 1 percent increase in per capita GDP. This elasticity may be sensitive
to whether the per capita GDP estimate is derived from household survey data or
from the national accounts. Private consumption, a key component of GDP, is typically larger in national accounts compared to household surveys, because it includes
a wider range of products and also because surveys are less likely to sample households at the top of the income distribution. National account estimates are further
prone to error because private consumption is treated as a residual between GDP at
factor cost and other components of GDP at market prices rather than measured
directly (see Ravallion 2001). Over time, discrepancies may widen, and so household surveys can provide a check on consumption trends in national accounts.
Tanzania’s national accounts suggest that per capita GDP grew by 3.99 percent
per year during 2001–07. This rate is well above the 1.32 percent estimated from
the household surveys. Poverty as measured in the household survey declined by
1.01 percent per year during the same period; hence, the poverty–growth elasticity
may have been as low as 0.25, based on national accounts estimates of GDP, or 0.76
if per capita consumption levels from the household surveys are used. The estimates
based on national accounts further suggest a deterioration of the poverty–growth
relationship from 0.82 during the 1990s to 0.25 during the 2000s, whereas the
household surveys suggest the opposite (an increase from 0.57 to 0.76). Understanding these differences is important, because they imply different trends in the
effectiveness of economic growth to reduce poverty.
Similarly, we define the calorie–growth elasticity as the percentage change in
the calorie deficiency rate (that is, the share of the population below the calorie line
of 2,550 kilocalories per day per adult male equivalent) divided by the percentage
change in per capita GDP. The calorie deficiency rate dropped by 1.03 percent per
year (from 25.0 to 23.5 percent) (World Bank 2009). The calorie–growth elasticity
range is therefore very similar to that for the poverty–growth elasticity (0.26–0.78).
In contrast to the normal calorie–income elasticity, which considers changes in
average caloric availability across the entire population, the calorie–growth elasticity
is sensitive to growth-induced changes in caloric availability in households close to
the calorie deficiency line only.
The Tanzanian model estimates that, in the baseline scenario, the increase in
average per capita GDP by 3.59 percent each year (assuming 2.5 percent population
growth) will cause the national poverty headcount to decline from 40.0 percent in
2007 to 31.1 percent by 2015 (Table 13.5). This is a 3.09 percent annual decline
in the poverty rate and so implies a poverty–growth elasticity of 0.86 (3.09 divided
by 3.59). This value is slightly above the 0.76 poverty–growth elasticity estimated

40.00
44.74
20.16
24.93
43.46
39.65
50.46
36.11
42.21
37.58
37.65
58.20
40.47

31.12
35.00
14.80
19.43
33.79
27.70
41.87
31.31
25.04
25.46
29.95
47.27
33.71

Baseline
scenario,
2015
26.61
30.04
12.17
16.40
28.94
23.61
36.54
29.36
20.14
21.29
26.39
40.80
26.62

–4.51
–4.96
–2.62
–3.04
–4.85
–4.10
–5.33
–1.95
–4.90
–4.17
–3.56
–6.46
–7.09

23.56
22.30
28.82
30.05
22.07
14.78
27.38
17.78
20.20
23.85
27.67
22.66
23.76

Agriculture
Change from
Initial calorie
scenario,
baseline, 2015
deficiency rate,
2015
(percentage points)
2007

Source: The Tanzanian dynamic computable general equilibrium model results.
Note: The poverty rate is the proportion of the population with per capita consumption below the poverty line.

National
Rural
Urban
Nonfarm
Farm
Western
Lake
Southwestern
Highlands
Southeastern
Eastern
Central
Northern

Region

Initial
poverty rate,
2007

Final
poverty rate

Poverty rate (percent)

Table 13.5—Changes in poverty and calorie deficiency rates in the model

19.33
18.16
24.23
26.13
17.78
10.17
22.80
15.45
16.27
19.15
23.04
15.41
21.07

Baseline
scenario,
2015
15.18
13.97
20.25
20.67
13.92
7.51
19.95
12.71
12.81
14.16
18.99
11.71
13.84

Agriculture
scenario,
2015

Final calorie
deficiency rate

–4.15
–4.19
–3.98
–5.46
–3.85
–2.66
–2.85
–2.74
–3.46
–5.00
–4.05
–3.70
–7.23

Change from
baseline, 2015
(percentage points)

Calorie deficiency rate (percent)
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from the household surveys for 2001–07. However, the model’s results are reasonably consistent with the distributional changes observed for this period. There is also
a 4.23 percentage point (or 2.44 percent) reduction in the calorie deficiency rate
during this period. This decline translates into a calorie–growth elasticity of 0.68
(2.44 divided by 3.59), which is within the 0.26–0.78 range observed during
2001–07.
The baseline scenario offers three insights into the current poverty–growth
relationship in Tanzania. First, the level of agricultural GDP growth reported in
national accounts is consistent with subsector-level production trends. Second, the
distributional impact of the current growth path is consistent with the small change
in inequality reported in the household surveys between 2001 and 2007 (that is,
the model and surveys produce similar poverty–growth elasticities). These two findings suggest that either the level of nonagricultural growth is overestimated in
national accounts, or the rate of poverty reduction is underestimated in the household surveys, or both. Third, the composition of economic growth, particularly
agricultural growth, has large implications for the rate of poverty reduction. Rapid
growth in traditional exports during 2000–07 mainly benefited farmers in the
regions where these crops are grown. Similarly, the expansion of certain crops, such
as sugarcane and wheat, was more likely to benefit large-scale farmers, who, in turn,
are less likely to be poor. In contrast, declining per capita maize production slowed
down real per capita income growth for poor farmers throughout the country.
The unevenness of growth is evident in Table 13.4, which shows changes in
regional agricultural GDP in the baseline scenario. Agricultural GDP growth is highest in the Western, Northern, and Eastern zones, where the country produces most
of its fast-growing sugarcane, tobacco, and cotton. Growth is slowest in the
Southeastern zone, where farmers rely more heavily on slower-growing maize,
cashews, and poultry. Thus, even though the overall level of agricultural GDP growth
is high in Tanzania, its composition is such that it does not benefit all farmers equally,
and to some extent it excludes certain regions and many of the country’s poorer farmers. Tanzania must therefore accelerate economic growth in sectors with stronger links
to poorer households and regions if it is to significantly reduce poverty.
Accelerated Growth Scenarios
Raising Agricultural Production

In this section we use the DCGE model to accelerate agricultural growth in a wider
range of subsectors than those that led the growth process during 2000–07. More
specifically, in the Agriculture scenario we increase production in agriculture’s subsectors beyond what was achieved in the baseline scenario. Land expansion does not
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increase beyond its current 2 percent growth rate; instead, productivity growth in
individual subsectors is increased (starting from 2010). Taking maize as an example,
we increase the annual yield growth rate from 1.45 percent in the baseline scenario
to 3.94 percent in the Agriculture scenario (see Table 13.3). Accordingly, while current trends predict maize yields will rise from 0.91 metric tons per hectare
(mt/ha) to 1.10 mt/ha during 2009–15, in the Agriculture scenario they rise to 1.24
mt/ha. Thus, overall maize production increases by 1 million tons over 2009–15,
which is twice what is expected based on current trends (see Table 13.3). In contrast,
wheat and tobacco production do not grow much faster in the Agriculture scenario,
because these crops have already expanded rapidly in the baseline scenario. This
process of improving crop yields and increasing production is repeated for all agricultural subsectors.
Annual agricultural GDP growth rises from 3.97 percent in the baseline scenario to 5.87 percent in the Agriculture scenario during 2009–15 (see Table 13.4).
Agricultural growth is now also more broadly based, with most crops growing more
rapidly. The largest improvement is in horticulture, where the previous decline in
vegetable yields is now reversed. The growth rate in export crops now averages
almost 10 percent per year, suggesting that there is still considerable growth potential in export agriculture. Average livestock GDP growth also rises by 1.5 percentage
points. Faster agricultural growth generates strong forward-linkage effects for
upstream food processing, which benefits from increased supply of maize and livestock products for the grain milling and meat subsectors. There is, however, only a
small increase in other agroprocessing, because tobacco refining was already growing
rapidly in the baseline scenario. Overall, the expansion of agriculture and upstream
sectors causes the growth rate of total national GDP to increase from 6.17 to 6.83
percent per year in the Agriculture scenario.
Agricultural growth is now more evenly distributed across regions. In the baseline scenario, agricultural growth was concentrated in rice, wheat, and certain traditional export crops. In the Agriculture scenario all regions benefit from broader-based
growth. For example, the Southeast zone was the slowest growing region in the baseline scenario, with annual agricultural growth of only 2 percent. This rate now
increases to more than 5 percent per year, driven by maize, cashews, and coconuts,
which are important crops for this part of the country. However, regional inequality
in agricultural growth still widens, because such areas as the Northern and Highlands
zones benefit from faster export crop growth, particularly for coffee, tea, and sisal,
which are more likely to benefit large-scale farmers (see Table 13.1).
Market Constraints and Price Effects

Increasing agricultural production causes prices to fall if there are demand or market
constraints. We expect prices to fall for commodities (1) whose production has
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increased substantially, (2) that have weak upstream intermediate linkages in the
processing subsectors, and (3) that rely heavily on domestic demand and do not
have many export or import substitution opportunities. Figure 13.1 shows changes
in market prices for select commodities relative to the baseline scenario. Prices of
maize, millet, and vegetables fall sharply, because these commodities have low
income elasticities. Thus, the share of consumer spending on these commodities
rises more slowly than incomes do. The demand for maize, especially in urban areas,
is further constrained by the capacity of upstream grain milling.
In contrast, rice and wheat have higher income elasticities than maize and millet, and the production of these crops does not increase as much in the Agriculture
scenario. Therefore, prices for these two crops actually rise as households’ agricultural revenues increase. Tobacco production also increases only slightly from its
current trend, and this crop’s export orientation implies access to large foreign markets and lower demand constraints. Model results therefore reveal severe market
constraints and suggest that limited upstream agroprocessing capacity is a binding
constraint to sustaining agricultural growth, both for food staples and certain export
crops.
Impacts on Poverty and Caloric Availability

The acceleration of agricultural growth to almost 6 percent per year and the spillover
effects into agroprocessing cause poverty to decline by a further 4.51 percentage
points by 2015. This drop is shown in Table 13.5, where the share of Tanzania’s

Figure 13.1—Relative producer price changes in the Agriculture scenario
Commodity relative price index (baseline ⫽ 1)
1.05
1.00
0.95
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Tobacco
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Poultry
Cassava
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Millet
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Source: The Tanzanian dynamic computable general equilibrium model results.
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population below the poverty line is 26.61 percent by 2015 in the Agriculture scenario compared to 31.12 percent in the baseline scenario. Thus, taking 2.5 percent
annual population growth into account, achieving the productivity improvements
in Table 13.3 lifts an additional 1.74 million people above the poverty line by 2015.
The acceleration of broadly based agricultural growth also strengthens the poverty–
growth relationship in Tanzania. For example, the additional 2 percent agricultural
growth each year causes the poverty–growth elasticity to rise from 0.86 in the baseline scenario to 1.36 in the Agriculture scenario. This increase is a result of per capita
GDP now growing at 4.33 percent per year during 2009–15 and the poverty rate
declining by 5.89 percent per year (that is, 5.89 divided by 4.33). Because we only
increase agricultural growth in the Agriculture scenario, the increase in the poverty–
growth elasticity relative to the baseline scenario implies that broadly based agricultural growth is more pro-poor than nonagricultural growth is.
All household groups in the DCGE model benefit from accelerated agricultural
growth (see Table 13.5). Not surprisingly, the rural poverty rate declines substantially in the Agriculture scenario (by 4.96 percentage points). Poverty reduction is
largest in the Northern and Central zones, where poor households benefit from
enhanced growth in millet and livestock, and to a lesser extent from out-grower
export crops, such as coffee. Improved production of plantains, vegetables, and
pulses also favors poor households in the Lake zone. In contrast, the drop in poverty
is smaller in the Southwest zone, because these households rely more heavily on
nonfarm incomes, and so their incomes are less affected by increased agricultural
revenues. Finally, although urban and nonfarm households do not benefit directly
from agricultural revenues, they do benefit from falling consumer prices. Even urban
nonfarm households in the highest expenditure quintile spend about half of their
incomes on purchased foods. More importantly, nonfarm households in the lower
expenditure quintiles spend as much as three-quarters of their incomes on agricultural products. Forward consumption linkages therefore explain why the urban
poverty rate falls by 2.62 percentage points in the Agriculture scenario.
Agricultural growth also benefits household caloric intake by increasing incomes
and food availability in the country. As a result, the share of the national population
consuming less than 2,550 kilocalories per day falls by 4.15 percentage points, which
is over and above the 4.23 percentage point reduction already occurring in the baseline scenario (see Table 13.5). The initial calorie–growth elasticity was 0.68 in the
baseline scenario, but model results now show that accelerating broadly based agricultural growth greatly enhances this growth–nutrition relationship, with the elasticity rising to 1.48 in the Agriculture scenario. This increase is driven primarily by
increased production and consumption of calorie-rich maize, pulses, and millet.
The distribution of changes in nutritional outcomes differs from that of poverty
outcomes. Most striking perhaps is the larger reduction in the calorie deficiency rate
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for urban nonfarm households compared to rural households. Increased production
and falling prices for key food staples greatly improve urban household nutritional
status. Part of the reason for this larger decline is that urban households currently have
higher calorie deficiency rates than rural households. However, although all households benefit from increased maize availability, urban nonfarm households, compared to rural households, also derive a larger share of their calorie intake from
pulses, vegetables, and livestock products. These crops grow particularly fast in the
Agriculture scenario.
In summary, accelerating agricultural growth greatly strengthens both the
poverty–growth and growth–nutrition relationships in Tanzania. These linkages are
driven by the broader base of agricultural growth, which allows key calorie-laden
foodcrops, such as maize and millet, to expand production. These crops are also
more widespread in Tanzania than are export crops, implying greater participation
of smallholder farmers in a larger number of regions in the country. Ultimately, the
model results indicate that agricultural growth is substantially more pro-poor than
nonagricultural growth, as evidenced by the large increase in the overall poverty–
growth elasticity in the Agriculture scenario. At the same time it has the ability to
improve nutritional outcomes because of the increased availability of food at lower
prices across the spectrum of households.
Comparing Alternative Sources of Agricultural Growth

We now compare alternative sources of growth in terms of their effectiveness in
reducing poverty, improving household calorie availability, and stimulating overall
economic growth in the country. Agricultural subsectors can have different impacts
on development outcomes for a variety of reasons. First, certain subsectors are
already large, and so small yield improvements can have large implications for agricultural and national economic growth. Second, smaller subsectors may have large
growth potentials, so they can contribute to overall growth through their rapid
expansion. Third, some sectors are more effective at reducing poverty, because they
have stronger linkages to poor households’ income-generation process, or they produce products that poor households consume intensively. Fourth, some subsectors
produce products that are particularly important for household nutritional status,
such as those that are cost-effective sources of calories and other minerals or are
consumed intensively by nutrient-deficient households. Finally, some agricultural
subsectors have stronger linkages to upstream processing, so expanding production
in these subsectors generates more growth outside of agriculture. We consider these
five criteria when prioritizing subsectors.
Table 13.6 presents poverty–growth elasticities for individual subsectors. Each
subsector grows at a different rate in the Agriculture scenario. To produce comparable indicators, we normalize elasticities by assuming that all additional per capita
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Table 13.6—Poverty–growth and calorie–growth elasticities in alternative
growth scenarios
Elasticity
Poverty–growth
Sector driving growth
Baseline scenario
Agriculture scenario
Maize
Sorghum and millet
Rice and wheat
Roots
Pulses and oilseeds
Horticulture
Export crops
Livestock
Other agriculture

Calorie–growth

Modeled

Normalized

Modeled

Normalized

–0.863
–1.361
–1.088
–0.965
–0.927
–0.959
–1.022
–1.009
–0.999
–1.003
–0.964

n.a.
–1.361
–1.494
–1.472
–1.346
–1.446
–1.416
–1.357
–1.411
–1.322
–1.353

–0.681
–1.479
–1.105
–0.817
–0.708
–0.756
–1.010
–0.777
–0.718
–0.681
–0.727

n.a.
–1.479
–1.868
–1.492
–0.888
–1.136
–1.825
–1.007
–0.831
–0.680
–0.905

Source: The Tanzanian dynamic computable general equilibrium model results.
Notes: Normalized elasticities assume that the increase in gross domestic product in the Agriculture scenario
comes entirely from individual sectors (that is, the elasticities are based on the same absolute change in per
capita gross domestic product). n.a. = not available.

GDP generated in the Agriculture scenario comes entirely from each individual
subsector (that is, size effects are neutralized). The three highest normalized poverty–
growth elasticities are for growth led by maize, sorghum and millet, and roots. This
is because these crops are important expenditure items for households just below
the poverty line. They are also crops that are grown more intensively by poor farm
households. In contrast, the elasticity for growth driven by rice and wheat is lower,
because these crops are grown in specific parts of the country and, in the case of
wheat, by large-scale farmers who are less likely to be poor.
Table 13.6 also shows normalized calorie–growth elasticities. Model results
indicate that maize and sorghum/millet are two of the more effective subsectors for
improving household caloric availability per unit of growth. However, roots are less
effective than pulses and oilseeds, because the latter have higher calorie contents and
are a more important source of calories for both rural and urban households.
Livestock has the lowest elasticity in spite of the high caloric content of meat products, because livestock products are an expensive source of calories and are consumed less intensively than other calorie sources by lower income households.
Table 13.7 measures each sector’s contribution to agricultural and total GDP
and compares their economywide growth-linkage effects. For instance, maize-led
growth generates TZS237.8 billion additional agricultural GDP (measured in 2007
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Table 13.7—Agriculture’s economywide growth-linkage effect in the
Agriculture scenario

Sector driving
growth
Maize
Sorghum and millet
Rice and wheat
Roots
Pulses and oilseeds
Horticulture
Export crops
Livestock
Other agriculture

Additional GDP
relative to baseline
(2007 TZS billion)

Sectoral growth rate
(percent)

Sector’s
initial
value-added,
2009

Baseline
scenario,
2009–15

Sector
scenario,
2009–15

Total GDP,
2015
(1)

Agricultural
GDP, 2015
(2)

Growth
linkage
effect
(1)/(2)

893
181
664
679
510
1,030
581
1,121
821

2.82
3.83
7.78
4.42
0.64
2.62
7.24
3.24
3.47

5.69
4.77
7.83
4.98
2.60
4.44
9.74
4.51
4.86

262.6
41.6
3.0
38.1
179.6
188.4
132.7
200.5
85.7

237.8
34.4
2.5
32.5
140.0
160.8
115.4
117.7
80.1

1.10
1.21
1.19
1.17
1.28
1.17
1.15
1.70
1.07

Source: The Tanzanian dynamic computable general equilibrium model results.
Notes: GDP = gross domestic product. TZS = Tanzanian shillings.

prices). Total GDP increases by more than this amount because of backward and
forward production and consumption linkages. For example, increased maize production reduces input prices for grain milling and for animal feedstock in the meatprocessing sector. It also increases households’ real incomes that are then spent on
nonagricultural commodities. Total GDP increases by TZS262.6 billion, which
means that for every TZS1.00 increase in agricultural GDP driven by maize-led
growth, there is an additional TZS0.10 increase in nonagricultural GDP (that is, a
multiplier effect of 1.10). These results suggest that livestock, pulses and oilseeds,
and sorghum and millet have the largest growth-linkage effects. Livestock has strong
linkages to upstream meat processing, which is the largest of the food-processing
subsectors. In contrast, some export crops are exported without much processing,
such as tea and cashew nuts, which lowers these crops’ upstream growth linkages.
Finally, maize’s comparatively low linkage effect highlights its upstream processing
constraints, which explains why this crop’s market price falls dramatically in the
Agriculture sector. However, even though maize has smaller linkage effects, its initial
size means that it still contributes the most to total GDP.
Figure 13.2 summarizes these findings. The three subsectors with the highest
poverty–growth and calorie–growth elasticities are placed inside the circles labeled
“Poverty effect” and “Nutrition effect,” respectively. Similarly, we identify the three
sectors contributing the most to total GDP growth, which takes into account sub-
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Figure 13.2—Priority agricultural sectors for investment, by various measures
Nutrition effect
Poverty effect
Sorghum
and millet
Roots

Pulses and
oilseeds

Maize

Initial size and
growth potential
Livestock
Horticulture

Source: The Tanzanian dynamic computable general equilibrium model results.

sector initial size, growth potential, and economywide linkage effect. Maize is
included in the top three subsectors for all three criteria, suggesting that this crop
should be accorded a high priority in the government’s agricultural investment
plans. Sorghum and millet, although their overall production is relatively small
compared to that of maize, rank highly both on the criterion of reducing poverty
and on that of improving household nutrition. However, maize, sorghum, and millet have been identified as facing severe market constraints (see Figure 13.1). Therefore, to facilitate a sustained expansion of production of these crops, it is essential
to enhance their downstream linkages and domestic market opportunities.
Conclusions

Tanzania’s growth performance has been commendable, with national GDP growing by more than 6 percent per year since 2000. However, rapid growth has not led
to substantial reductions in poverty or improvements in household nutritional
status. This failure has raised concerns about a possible decoupling of economic
growth from poverty reduction and nutrition. Results from a regional DCGE model
of Tanzania indicate that the country’s low poverty–growth elasticity is primarily a
result of the current structure of agricultural growth, which favors large-scale production of rice, wheat, and traditional export crops. Accelerating agricultural growth
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in a wider range of subsectors than those currently leading the growth process is
needed to strengthen the effectiveness of growth at reducing poverty and improving
household nutritional status.
The modeling analysis described in this chapter did not explicitly consider how
increased agricultural productivity might be achieved, or what the cost might be in
terms of investments, extension services, or subsidies. Our discussion, however,
pointed out how investment in agricultural research and development in Tanzania
is likely to yield high returns. However, the Government of Tanzania has only spent
a small share of its budget on agriculture in recent years. Additional spending on
agriculture, particularly on research and development and extension, is therefore
needed, along with improved efficiency in the way the Ministry of Agriculture
spends its budget allocation.
Model results identified maize as a priority sector for investment. Already
empirical evidence suggests that maize yields in Tanzania are rising thanks to the
provision of extension services and farmers’ increased use of improved inputs, especially fertilizer (Nkonya, Schroder, and Norman 1997). Investment in rural education is also found to encourage greater adoption of improved technologies. However,
much of Tanzania’s maize production is rainfed, thus making the country highly
susceptible to extreme climate events and high market price volatility. In this regard,
evidence suggests that lowering transaction costs through investing in rural roads
would reduce price volatility in Tanzania and also increase farmgate prices, thereby
enhancing returns to maize farming (Kilima et al. 2008). Our model results also
identified severe market constraints facing maize production in Tanzania. Expanding
upstream milling capacity would strengthen farmer access to urban consumers who
demand more processed maize, thus relieving some of the downward pressure on
maize prices. Similarly, model results also suggest that opportunities exist for domestic producers to substitute for imported cereals.
Finally, the model results provided two insights into the current inconsistencies
between the rapid economic growth reported in national accounts and the small
improvements in poverty and nutrition from the household surveys. First, estimates
in national accounts of agricultural growth are found to be consistent with subsectorlevel production trends. Second, the model and surveys produced similar estimates
of the poverty–growth elasticity, suggesting that the structure of growth is consistent
with only small changes in inequality. These two findings suggest that either the
level of nonagricultural growth is overestimated in national accounts or the rate of
poverty reduction is underestimated in the household surveys, or both. Regardless
of these inconsistencies, however, the model results confirm the weak relationships
between economic growth, poverty reduction, and nutrition in Tanzania. They underline the importance of encouraging broader-based economic growth in the future,
with a stronger role for agriculture and foodcrops in particular.
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Appendix

Table 13A.1—Structure of the Tanzania social accounting matrix
Agricultural sectors

Industrial sectors

Service sectors
Factors

Households

Regions

Maize; sorghum; millet; rice; wheat and barley; cassava; other roots; pulses; coconuts;
oilseeds; plantains; fruits; vegetables; coffee; cashew nuts; cotton; sisal; sugarcane;
tea; tobacco; other cash crops; cattle; poultry; other livestock; fisheries; forestry
Mining; meat and fish processing; maize milling; rice milling; other milling; other food
processing; sugar refining; tobacco processing; beverages; textiles and clothing;
wood and paper products; basic chemicals; fertilizer; petroleum products; rubber
and plastics; nonmetallic minerals; metal products; machinery and equipment; other
manufacturing; electricity and gas; water supply; construction
Trade services; hotels and catering; transport; communications; financial services;
business and real estate; public administration; education; health; other services
Uneducated labor; not completed primary school labor; not completed secondary
school labor; completed secondary school labor; agricultural capital by region (smallscale); mining capital; nonagricultural capital; agricultural land by region (small-scale);
agricultural land by region (large-scale); livestock by region
Agricultural households by region (poor); agricultural households by region (nonpoor);
rural nonfarm households (poor); rural nonfarm households (nonpoor); urban
nonfarm households (poor); urban nonfarm households (nonpoor)
Arusha; Coast; Dodoma; Dar es Salaam; Iringa; Kagera; Kigoma; Kilimanjaro; Lindi;
Mara; Mbeya; Morogoro; Mtwara; Mwanza; Rukwa; Ruvuma; Shinyanga; Singida;
Tabora; Tanga

Source: Authors’ representation of Tanzania’s production economy.
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Chapter 14

Lessons Learned and
Remaining Challenges
Xinshen Diao and James Thurlow

T

he 2000s has been Africa’s “decade of growth.” For the first time since the
1970s, Africa has not been the slowest growing developing region in world.
This was not necessarily because the rest of the world did badly—economic
growth in Africa was faster in the 2000s than in previous decades. This growth acceleration was in spite of the food and financial crises, and subsequent global recession,
which Africa appears to have weathered relatively well. Of course, economic growth
is not the only measure of development, and the continent’s success in improving
social indicators has been less impressive. Poverty and malnutrition remain severe
and widespread, and the absolute number of poor people has continued to rise.
Agriculture has also lagged behind national economic growth in most countries,
thus further entrenching the rural–urban divide. In response to these conditions,
many African governments have endorsed the Comprehensive Africa Agriculture
Development Programme (CAADP), in which they commit to achieving at least 6
percent annual agricultural growth by allocating at least 10 percent of their national
budgets to agricultural investments.
However, although governments may be assigning agriculture a more central
role in national policy, opinions among researchers and development practitioners
remain mixed. Agriculture’s proponents argue that Asia’s Green Revolution demonstrated the sector’s growth and transformative potential. In Africa, only agriculture
is seen as having the size and economic linkages needed to generate broadly based,
poverty-reducing growth—at least over a reasonable time horizon. In contrast,
skeptics cite African agriculture’s poor past performance and the continent’s often
unfavorable agroecological conditions. Moreover, globalization may have altered the
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environment in which agriculture operates, and so the model of the Green
Revolution may not be replicable in Africa today. The question of whether agriculture should be afforded a central role in African development is thus far from
resolved.
A second area of the debate concerns whether staple foods or export-oriented
crops should be the focus of African agricultural growth strategies. On the one hand,
most poor smallholder farmers grow staple foods, and there is some scope for
expanding regional food trade in Africa. Promoting staple foods could therefore
directly benefit the poor. On the other hand, traditional export crops normally have
higher value and greater growth potential, and so their rapid growth might benefit
farmers more than slower-growing food staples. Export crops are also less dependent
on domestic markets, which are underdeveloped in many African countries. Thus,
even among agricultural proponents, there is still debate over what type of strategy
is most appropriate for reducing poverty.
This book has provided new evidence for the debate and has demonstrated a
method that can be used by governments to design more effective development
strategies. Our recursive dynamic computable general equilibrium (DCGE) model
is a semiempirical economywide framework calibrated to a country’s detailed economic structure. These features allow the model to capture both the macro- and
microlevel dimensions of a country’s poverty–growth relationship. The 10 country
case studies presented in this volume were drawn from low-income Africa to capture
variation in (1) the size of the agricultural sector, (2) the extent of rural poverty,
(3) agroecological conditions, (4) and geographic location. Together these case studies represent the full diversity of low-income African countries.
The same approach was adopted in each country study. We first developed a
future baseline scenario based on observed trends from the past decade, and in so
doing, estimated poverty changes under countries’ current growth trajectories. We
then simulated accelerated growth in the whole agricultural sector and separately
for individual agricultural subsectors. Subsector-level growth potentials were, in
most cases, determined by research field trials or in consultation with national agricultural ministries. The potential contribution of individual sectors to growth and
poverty reduction was evaluated according to three criteria drawn from the ongoing debate: (1) size and growth potential, (2) effectiveness in reducing poverty,
and (3) ability to generate economywide growth. We also estimated the public resources needed to achieve faster agricultural growth. Here our methods ranged from
integrated growth–investment analysis within the DCGE model (for example,
Kenya), to top-down cost estimates (for example, Malawi) and detailed ex post
itemized analysis (as in Rwanda).
In this final chapter we consider the implications of the findings from the case
studies, first, for the ongoing debate on the role of African agriculture and second,
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for the design of development strategies in Africa. We conclude by identifying areas
where our methodology and analysis should be extended or improved.
Implications for the Debate on African Agriculture
Agricultural Growth Is Key to Achieving Pro-Poor Growth in Africa

Results from the case studies suggest that, in general, agriculture cannot be excluded
from the current development model. As with Asia three decades ago, agriculture
remains instrumental for future development in Africa. In terms of its contribution
to economic growth, African agriculture has considerable potential, as demonstrated
by the wide gaps between current productivity levels and those observed in agricultural
research trials. The case studies showed how even fairly modest improvements in currently low yields can greatly accelerate agricultural growth. Moreover, because agriculture generates between 20 and 50 percent of gross domestic product (GDP) in
low-income African countries, faster agricultural growth will foster additional growth
at the national level, including in nonagriculture. Thus, assigning a more active role
to agriculture in Africa’s development process is justified from a growth perspective.
Any effort to substantially reduce poverty in Africa will have to incorporate at
least some role for agriculture. The scale of the rural poverty problem and the
dependence of smallholders on agricultural incomes imply that investing in agricultural productivity is one the most effective policy instruments available. Not only
does African agriculture have growth potential, but growth in the sector is also better
at reducing poverty than is growth in nonagriculture. Table 14.1 summarizes the
poverty–growth elasticities estimated in the case studies—specifically, those comparing agricultural growth to either nonagricultural growth or broadly based growth
(that is, the baseline). Note that differences in how national poverty lines are defined
prevents cross-country comparisons in the table.
In Kenya and Rwanda, for example, it was found that 1 percent national GDP
growth driven by agriculture leads to three to four times more poverty reduction
than does growth driven by nonagriculture. In other words, Kenyan industry would
have to grow four times faster than agriculture to generate the same amount of
poverty reduction at the national level. Two conclusions emerge from this observation. First, although nonagriculture is obviously crucial for economic transformation in Africa, the industrial sector may not provide a sufficient platform for broadly
based development unless it is linked to agriculture. Second, the weaker performance of African agriculture may explain why the continent’s “decade of growth”
has not translated into a similarly impressive “decade of poverty reduction.”
The findings from the case studies indicate that, throughout Africa, agricultural
development is crucial for both economic growth and poverty reduction. However,
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Table 14.1—Comparing the impact on poverty of agricultural and
nonagricultural growth (percent)
Decline in national poverty rate resulting from
a 1 percent increase in total gross domestic product
Country

Baseline growth

Agriculture-led growth

Ethiopia
Ghana
Kenya
Nigeria
Rwanda
Tanzania
Uganda

–1.13
–1.82
–0.38
–0.85
–0.97
–0.86
–0.80

–1.41
–1.95
–2.20
–1.14
–1.53
–1.36
–1.70

Nonagriculture-led growth
–1.05
n.a.
–0.51
–0.73
–0.49
n.a.
n.a.

Source: Authors, based on results reported in the country case studies.
Notes: The poverty rate is the proportion of the population with per capita consumption below the poverty line.
Differences in the definitions of national poverty lines mean that comparisons can be made across sectors but not
countries. The Rwandan result in the baseline column is for the all-sectors scenario. Nonagriculture-led growth is
industry only. n.a. = not available because the nonagricultural growth simulation was not run for this country
(Malawi, Mozambique, and Zambia are omitted because no baseline elasticity was reported).

the results of our investment analyses showed that a great deal more public resources
would be required to generate faster agricultural growth. Although empirical evidence suggests that there are positive returns to investing in agriculture (see, for
example, the studies of Rwanda, Tanzania, and Uganda—Chapters 7, 13, and 10,
respectively), the public sector cost of generating agricultural growth was not directly
compared to that of nonagricultural growth. Thus, from a public policy perspective,
comparable cost assessments are needed for nonagriculture if policymakers are to
conclude that agriculture is the least expensive policy option for achieving growth
and poverty-reduction targets. However, our findings suggest that the returns to
nonagricultural growth (in terms of total GDP generated) would need to be considerably higher than those obtained from agriculture to surpass the latter’s greater
effectiveness in reducing poverty. Thus, despite the demands it places of public
resources, agriculture may still be a more cost-effective policy option than
nonagriculture.
Food Staples Should Be Afforded High Priority

Export crops typically have higher value and growth potential than foodcrops, and
so they provide a viable opportunity to raise rural households’ incomes. Indeed, the
case studies showed how faster growth in export agriculture reduces rural poverty.
However, the case studies also found that food staples are usually more effective than
export agriculture at generating economywide growth and reducing poverty at the
national level.
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Table 14.2 summarizes the estimated growth multipliers for selected staple food
and export sectors drawn from the case studies. In some cases, such as Ethiopia,
Kenya, Malawi, and Mozambique, the growth multipliers for certain foodcrops and
export crops are not significantly different. In Malawi, for example, a one unit
increase in GDP driven by maize generates only slightly larger economywide growth
than a one unit increase driven by tobacco. This is because both crops are smallholder based, and they both involve very little downstream processing. However,
this finding was the exception rather than the rule. In most cases, food staples had
much higher multiplier effects than those for export crops. For example, Tanzanian
livestock and Mozambican roots are substantially more effective at generating
growth than their respective export crops do. Moreover, in some cases, such as
Nigeria, Uganda, and Zambia, concentrating growth in export agriculture actually
reduced downstream GDP because of resource constraints and very weak growth

Table 14.2—Comparing growth multiplier effects for staple foods and
export crops
Change in total gross domestic producta
Staple foods
Country

Multiplier

Ethiopia

1.13
1.06
2.39
2.68
1.11
1.78
1.27
1.42
1.71
1.28
1.86
1.21
1.70
1.32
1.39
1.63
1.88
1.75

Kenyab
Malawi

Mozambique
Nigeria
Tanzania
Uganda
Zambia

Lead sector
All cereals
Livestock
All cereals
Horticulture
Maize
Nonmaize cereals
Roots
Maize
Roots
Maize
Pulses and oilseeds
Sorghum and millet
Livestock
All cereals
Horticulture
All cereals
Roots
Livestock

Export crops
Multiplier

Lead sector

1.04

All export crops

2.62

All export crops

1.05
1.06

Tobacco
Other export crops

1.48
0.83
0.70

Traditional exports
Biofuel crops
All export crops

1.15

All export crops

0.62

All export crops

0.30

All export crops

Source: Authors, based on results reported in the country case studies.
Note: Ghana and Rwanda are not shown because detailed sector multipliers were not calculated for these two
countries.
aThe change is calculated as that caused by a one-unit change in agricultural gross domestic product driven by
the lead sector specified.
bThe multiplier is based on fixed prices and unconstrained resources.
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linkages. In such cases, the higher growth potential of export crops has to be weighed
against losses in nonagricultural value-added.
Growth driven by staple foods is also far more effective at reducing poverty than
export agriculture is. Table 14.3 presents some of the poverty–growth elasticities
estimated in the case studies. In almost all cases, the elasticities for staple foods are
larger than those for export crops. However, the gap between foodcrops and export
crops is smaller when smallholders are engaged in growing export crops, such as
cotton exports in Zambia and tobacco in Malawi. The biofuels analysis for
Mozambique also suggests that engaging smallholders through outgrower schemes
can enhance the ability of export crops to reduce poverty. The Mozambican study
(Chapter 12) also showed how the large growth potential of biofuel crops means
that they can contribute substantially to poverty reduction, despite their small
Table 14.3—Comparing the impact of growth in staple foods and export crops
on poverty
Decline in poverty ratea
Staple foods
Country
Ethiopia
Kenya
Malawib
Mozambiqueb
Nigeria
Rwanda

Tanzania
Ugandab
Zambiab

Poverty–growth
elasticity

Lead sector

–1.40
–2.13
–0.74
–0.85
–0.73
–0.65
–1.02
–0.92
–2.39
–2.59

All cereals
All foodcrops
Maize
Horticulture
Maize
All cereals
All cereals
Roots
Maize
Pulses

–1.09
–1.07
–1.38
–0.27
–0.33

Maize
Roots
Horticulture
All cereals
Roots

Export crops
Poverty–growth
elasticity

Lead sector

–1.16
–1.90
–0.62
–0.57
–0.29
–0.43
–0.81

All export crops
All export crops
Tobacco
Other export crops
Traditional exports
Biofuel crops
All export crops

–1.81
–1.63
–2.27
–1.00
–0.64

Coffee
Tea
Other export crops
All export crops
All export crops

–0.25

All export crops

Source: Authors, based on results reported in the country case studies.
Notes: The poverty rate is the proportion of the population with per capita consumption below the poverty line.
Differences in the definition of national poverty lines mean that comparisons can be made across sectors but not
countries. Ghana is not shown because detailed sector elasticities were not calculated for this country.
a
The decline is calculated as that resulting from a 1 percent increase in total gross domestic product driven by the
lead sector specified.
b
Poverty–growth elasticity is calculated using growth in agricultural gross domestic product rather than that in
national total gross domestic product, which reduces the estimates of elasticity.
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poverty–growth elasticity. However, in some countries, export agriculture would
have to grow much faster than staple foods to achieve the same amount of poverty
reduction. In Uganda, for example, growth driven by higher value horticulture is
more than twice as effective at reducing poverty than is export-driven growth.
Our findings address two aspects of the current debate on the role of agriculture
in African development. First, we conclude that agriculture is still an essential ingredient in efforts to substantially raise economic growth and reduce poverty in Africa.
A development strategy that attempts to bypass agriculture is unlikely to generate
broadly based development. This conclusion supports African governments’
endorsement of the CAADP initiative. Second, within agriculture, staple foods are
essential to generating pro-poor growth, although smallholder-based export agriculture can also contribute. Although we have painted the debate in stark contrasts, in
reality it is a matter of emphasis. Our findings suggest that supporting agriculture
will be essential if the next 10 years are to be Africa’s decade of both growth and
poverty reduction. The next section describes some of the broad insights that our
case studies provide for the design of agricultural development strategies in Africa.
Lessons for African Development Strategies
Broadly Based Growth Is Crucial

Although agriculture is an essential ingredient for African development, the contribution of nonagriculture should not be discounted. First, the findings of the case
studies confirm the historical evidence from Asia and elsewhere: African countries
must place sufficient emphasis and resources on accelerating agricultural growth
when preparing their development strategies. More specifically, the case studies
indicate that faster agricultural growth is needed to reduce poverty and hunger at
the national level, and hence, achieve the CAADP growth goal and the first
Millennium Development Goal for poverty reduction over a reasonable time frame
(10–15 years).
The heterogeneous agroecological conditions in Africa are reflected in highly
diversified production and consumption patterns. However, despite this diversity,
agriculture remains a key development sector in all the low-income African case
studies. In Kenya, for example, the analysis (Chapter 4) found that it is unlikely that
a significant decline in poverty can be achieved in the absence of agricultural growth,
and so an industry-focused strategy that does not also invest in agriculture will
exacerbate the country’s already high inequality. Similarly, the Ghanaian case study
(Chapter 6) showed that a Green Revolution type of development is pro-poor and
has economywide benefits through strong linkages between agriculture and the rest
of the economy. In each country we found that not only do incomes of both rural
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and urban households increase as a result of an agriculture-led growth strategy but
also that the resulting additional demand for agricultural products can be met by
domestic supply without significantly lowering product prices. Agricultural growth
favors broadly based development.
We also found that agricultural growth itself needs to be broadly based: it
should involve multiple subsectors and also include the development of downstream
nonagricultural sectors. A broadly based agricultural strategy emphasizes diversified
opportunities for a majority of farmers. This includes farmers in different locations,
who face different agroecological conditions and have different farming technologies
and systems. Most of our case studies found it unlikely that growth from a single
agricultural subsector could generate enough economic growth on its own to significantly reduce national poverty. We also found that accelerating agricultural
growth, even to 6 percent per year, is insufficient for most of the case-study countries
to achieve the first Millennium Development Goal. Faster nonagricultural growth
and urban development are also needed.
Trying to achieve broadly based agricultural development will challenge governments’ efforts to prioritize public investment across sectors and geographic locations.
Growth in any country always occurs unevenly across subsectors and subnational
regions. So even under a broadly based strategy, it is necessary to set priorities and
sequence public investments and other interventions to support growth.
The Composition of Agricultural Growth Matters

Individual agricultural subsectors play different roles and have a diverse set of
impacts on development outcomes. More specifically, an agricultural strategy is
composed of a series of growth targets at the agricultural subsector level that should
realistically take into account both the initial conditions and growth potential of
these subsectors. Although agricultural potential is an important condition, it is not
enough to determine targets. Furthermore, given new challenges, such as climate
change and globalization, agricultural growth has to be driven by productivity
improvements, even in relatively land-abundant countries. The following suggestions can be drawn for how to prioritize productivity-led agricultural growth at the
subsector level.
First, the pro-poorness of an agricultural subsector’s growth should be at the
top of the agenda in an agricultural strategy. Although agricultural growth is generally pro-poor, different types of agricultural growth can lift a varying number of people
out of poverty. The relationship between growth among different types of agriculture and poverty reduction depends on a country’s poverty distribution and sources
of income among households. The pro-poorness of an agricultural subsector is also
determined by who can participate in and benefit from the growth of this sector and
whether the sector has strong linkages and spillover effects to other economic activi-
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ties. Paying attention to the relationship between subsector agricultural growth
and poverty reduction is an important step to ensuring that agricultural growth is
pro-poor.
Second, policymakers setting priorities need to consider how subsectors are
linked to the rest of the economy. A subsector with strong economywide linkages
generates more gains for the economy as a whole than does a subsector with weak
linkages. Spillover effects can be separated into production and consumption linkages. Our case studies confirm the importance of both types of linkages from agriculture. However, export agriculture typically has less downstream value-addition,
because products are often exported as raw materials. Promoting export agriculture
may make it difficult for the country to develop labor-intensive manufacturing
and services. So strategies should take advantage of new agricultural opportunities
where they exist. Finding ways to strengthen domestic downstream processing is
crucial if export crops are to provide a meaningful platform for rural and national
development.
Third, targeting a relatively large agricultural sector for growth is essential if
agriculture is to serve as an engine of economywide growth. Even though rapid
growth can easily be achieved for a small subsector targeting niche markets (for
example, growth in export-oriented horticultural products), the economywide
impact of this subsector is small. The Nigerian case study (Chapter 8) shows that
even with double-digit growth in a small subsector (for example, wheat or sugar),
the overall growth could be insignificant. In contrast, a large agricultural subsector
(such as rice or cassava) can create more growth in the whole economy, so that such
sectors can become the leading force in the growth process. The Zambian case study
(Chapter 11) found that although growth driven by either cereals or roots has considerable impact on poverty reduction, the small initial size and geographic concentration of certain foodcrops means that their potential contribution to national level
growth and poverty reduction is limited, at least over the short term.
Fourth, the market opportunities of a subsector must be considered when setting priorities. Growth is not only determined by the productiveness of targeted
agricultural subsectors but also by market access opportunities and conditions.
Negative price effects are often an indicator of weak market opportunities or other
constraints on market access. Domestic and export market opportunities (and
import-substitution opportunities) are determined by the development of agroprocessing industries, domestic and international trade policies, and market-access
conditions (for example, regulations and information flows). For example, the
Ugandan case study (Chapter 10) found that although cereals, roots, and matoke
(plantains) are large sectors with high growth potentials, they face considerable
market constraints, leading to large price declines when production increases. Thus,
it is necessary to improve market conditions to realize the growth and poverty-
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reducing potentials of prioritized crops. These improvements involve reducing
transaction costs, supporting market development, and expanding downstream
agroprocessing. One of the keys for successfully implementing agricultural strategies is therefore providing support interventions in sectors that are, strictly speaking, outside agriculture, such as rural road infrastructure and local and regional
markets.
Both the Level and Efficiency of Public Agricultural Spending
Needs to Improve

Increasing agricultural growth will require additional investment in the sector as well
as improvements in the efficiency of public spending. Evidence from previous studies has shown that public investment in agriculture and rural areas is a major determinant of agricultural growth and poverty reduction. Similarly, the country case
studies in this volume indicate that, although there is huge potential in most countries for agricultural growth and poverty reduction by closing yield gaps and increasing the efficiency of available land use, realizing these goals will require substantial
increases in agricultural investments. These investments include supporting rural
roads, irrigation, education, extension, and research and development.
The case-study countries showed that, in most cases, what governments currently spend on agriculture is not in accordance with agriculture’s important contribution to economic growth and poverty reduction. Moreover, our investment
analyses revealed the need for increased agricultural and rural spending in almost all
countries studied. The share of agricultural spending in total government expenditure would have to increase significantly from current levels to meet countries’ stated
growth and poverty-reduction targets. For example, the investment analysis in
Uganda indicated that government spending on agriculture should grow by 25–30
percent per year to achieve and sustain CAADP’s 6 percent growth target. Over time
the share of agriculture in the total economy and its importance in generating
incomes will inevitably decline. But weak government support to agriculture or an
early withdrawal of such support (or both) has been associated with a slowdown in
economic transformation. This slowdown would create persistent inequalities and
in the long run exacerbate the development challenge.
Achieving the stated development targets not only faces resource mobilization
constraints but also is confronted with the challenge of allocating resources more
effectively and efficiently. A lack of efficiency in public spending is a huge challenge
in all case-study countries, and it exists for both agricultural and nonagricultural
spending. Because public resources are scarce and opportunity costs high, public
institutions need to be reformed, particularly those with any agriculture-related
functions, to improve the provision and delivery of agricultural public goods and
services. Although increased spending on agriculture is needed, the fiscal burden of

LESSONS LEARNED AND REMAINING CHALLENGES

409

an agricultural growth strategy can be reduced through improved efficiency in fiscal
management and implementation. More specifically, the case studies have found
that improvements in the efficiency of spending and providing agricultural services
are one of the most important factors determining whether the country can achieve
its agricultural growth and poverty-reduction goals. For example, improvements in
the efficiency of agricultural investments in Uganda meant that the government
needed to allocate 6 percent less of its total budgetary resources to agriculture to
achieve and sustain the targeted 6 percent agricultural growth. Thus, the inefficiency
of public spending presents both a challenge and an opportunity to achieve future
development at a manageable cost to the state.
Agricultural Strategies Need to Be Regionally Disaggregated

Finally, the heterogeneity of natural resources and economic environments in many
developing countries necessitates regionally differentiated agricultural strategies.
Many of our case studies showed that a single rapid agricultural growth strategy at
the national level is insufficient to decrease regional inequalities and reduce poverty
in lagging regions significantly. In fact, similar rates of agricultural subsector growth
at the subnational level were found to have different effects on associated poverty
rates. For instance, poverty reduction in Tanzania is largest in the northern and
central parts of the country, where poorer households benefit from enhanced growth
in millet and livestock and to a lesser extent from outgrower export crops, such as
coffee. In contrast, the drop in poverty is smaller in regions where households rely
more heavily on nonfarm incomes, so their incomes are less affected by increased
agricultural revenues (Chapter 13). Similarly, the Kenyan case study (Chapter 4)
showed that different interventions are needed to balance growth, poverty reduction, and regional equity concerns.
The varying importance of crops and interventions in different parts of a country highlights the need to design development strategies at the subnational level.
This means taking into account how sectoral priorities vary across regions in a
country and how they interact and contribute to national development objectives.
The policies and interventions planned as part of an agricultural development
strategy should therefore be combined with interventions specifically targeting lagging regions and population groups.
Extending the Methodology and Analysis

Designing development strategies requires evidence that identifies which policies
and investments are most effective at achieving different (and often conflicting)
development objectives. In this book we developed a DCGE modeling framework
to evaluate alternative strategies in terms of economic growth and income poverty
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reduction. Although our model provides useful insights to guide policy, it is certainly not a panacea for all policy advice. Recognizing this limitation, we conclude
by identifying five areas where the modeling approach should be extended.
Integrating Investment Analysis

The Kenyan case study (Chapter 4) fully integrated the DCGE modeling and
investment analysis. This approach should be adopted in future studies, because
ideally the growth–investment–poverty relationship should be modeled in a single
consistent framework. To do this requires a multimethod approach based on econometrically estimated returns to public investments. The DCGE model then translates these investments into changes in growth and poverty outcomes. There are a
number of challenges to combining these two approaches.
First, the detailed investment data needed for the econometric analysis often
do not exist at the country level, which is why we adopted a simpler cross-country
approach (see Chapter 3). The temptation is to draw elasticities from other countries, but this practice can create false precision. Transparency of assumptions might
be more desirable than complex model integration, and the former may be better
achieved by separating the growth–investment and poverty–growth components of
the analysis (as was done in the Rwandan study in Chapter 7). Compiling countrylevel databases of public spending on different kinds of investment items (for
example, research and development, extension, and irrigation) is therefore a prerequisite for model integration.
Second, econometrics usually estimates net aggregate impacts without identifying specific impact pathways linking investments and outcomes. For example,
econometric results may indicate a positive relationship between agricultural productivity and irrigation investments, but they do not identify which agricultural
subsectors or regions are affected. The structural nature of DCGE models means
that detailed pathways have to be explicitly defined. In some cases these pathways
can be reasonably assumed or identified by design. For example, investments in
Zambian irrigation most likely target dry-season wheat farming or horticultural
crops near urban areas. So irrigation investments in the model can be specified so
that they only benefit these crops and regions. However, more complex interventions, such as agricultural research and development and extension, will inevitably
require more challenging assumptions. Higher resolution microlevel analysis is
therefore required, possibly using data from project-level monitoring and evaluation
studies.
Finally, econometric studies rarely consider diminishing returns to public
investments. They produce point estimates for elasticities based on historical levels
and compositions of public spending. Understanding how investments interact with
each other is crucial for DCGE models, whose economywide simulations normally
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involve reasonably large changes in specific investment levels. For example, Fan and
Zhang (2008) find that research and development and extension have higher returns
than does education spending in rural Uganda. However, there may be some
complementarity between education and extension or diminishing returns on extension investment. Thus, a simulation that doubles investment in the extension system
while assuming constant returns may be unfairly biased against other investment
types. Much more detailed microlevel analysis is needed to appropriately calibrate
a fully integrated public investment analysis in the DCGE model.
Modeling Farm and Household Behavior

As mentioned in Chapter 2, although DCGE models capture both macro- and
microlevel dimensions of the economy, their treatment of either dimension is less
detailed than would be captured in more specialized partial equilibrium models.
The chapters on Malawi, Uganda, and Zambia (Chapters 9, 10, and 11, respectively) incorporated some of the elements of representative farm models within the
DCGE framework. Households were linked to their own specific production activities and decided how best to allocate their land endowment across crop and livestock
sectors. Greater integration of farm and DCGE models may provide a better representation of the constraints and opportunities facing smallholders and thus provide
new policy insights. This modeling is distinct from occupational choice microsimulation modeling, which focuses on how labor is allocated across households.
This approach is less relevant for smallholder agriculture, where the primary decision concerns land rather than labor allocations. Combining farm and DCGE
models is technically challenging and, to our knowledge, has not been achieved in
larger-scale semiempirical DCGE models.
Capturing Distributional Effects

The case studies in this book focused on income or monetary poverty, that is, the
proportion of the population in a country or region whose per capita consumption
levels fall below a critical threshold or poverty line. Although commonly used, there
are limitations to this approach.
The poverty headcount ratio is not only sensitive to the choice of poverty line,
but it also attaches greater weight to households immediately above and below the
poverty threshold. As a result, the full distributional effects of policies are poorly
understood at the household level. More analysis is needed on how policies directly
affect individuals and households. The sizable variance around the “typical” outcomes on poverty highlights the need to look beyond aggregate poverty impacts of
specific growth options by focusing on the diversity of impacts underlying the averages (Ravallion 2001). This point was demonstrated in the Kenyan case study
(Chapter 4), where the growth incidence curves for growth driven by agriculture
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and nonagriculture were strongly downward and upward sloping, respectively.
Empirical evidence also shows that higher income households tend to capture a
larger share of the increase in national incomes from growth than do lower income
households (see, for example, Dollar and Kraay 2002). For example, an analysis of
the distribution of income gains in China during 1990-1999 reveals wide divergence between rich and poor (Ravallion and Chen 2001).
Theory and evidence from developing countries indicates that the relationship
between growth and income distribution is two sided (Bourguignon 2004). On the
one hand, disparities in relative income play a central role in determining the rate
and pattern of growth. On the other hand, country-level case studies find that
economic growth affects the distribution of income through a number of diverse
channels, including institutional change, the segmentation of the economy, and
changes in prices and factor returns. The exact channels through which distributional change occurs depend heavily on initial conditions, with the pace and structure of growth determining the relative importance of these channels. Accordingly,
studies on development-policy choices should include the diverse distributional
consequences of growth on poverty. Rather than treating poverty as a binary concept, as was done in most of the case studies in this volume, it is better to analyze
outcomes across different income groups.
Looking beyond Income

Future research should give greater weight to measures that more accurately capture the multidimensional aspects of poverty. Although no universally accepted
definition of poverty exists, one of the most common descriptions of poverty is
that it is a pronounced deprivation in well-being (World Bank 2001). Poverty
is a multi-dimensional and complex phenomenon that goes beyond the onedimensional monetary measures (such as income and consumption) of well-being
and deprivation that are employed in nearly all empirical studies (Grosse, Harttgen,
and Klasen 2008).
The Tanzanian case study (Chapter 13) extended the poverty analysis of other
chapters to include an assessment of nutritional outcomes. It was found that sectors
most effective at reducing poverty are not the same as those best at improving
household nutritional status. Such differences confirm the need for analyses of propoor growth to encompass a more comprehensive conceptualization of well-being
and deprivation, including both economic and social factors. Various modeling
approaches have included social outcome indicators (see, for example, Lofgren and
Diaz-Bonilla 2010). However, these approaches face similar constraints to the integrated investment analysis described above: finding country-specific elasticities and
identifying appropriate impact pathways can be difficult. To overcome this problem,
there is also scope to link DCGE models top-down with sector models, such as
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demographic health and education system models, as was done in the Tanzania
nutrition module.
Incorporating Risk and Social Protection

Finally, the integration of risk and social protection policies with growth strategies
is needed to advance pro-poor economic and social agendas concurrently. African
farmers and governments face considerable uncertainty in their decisionmaking.
Variables range from movements in world market prices to climate variability and
extreme weather events, such as droughts and floods. Incorporating risk into the
evaluation of different investments is essential for designing robust development
strategies. Social protection is a key element of such analysis, because it encompasses
public and private support systems that seek to prevent, mitigate, and manage risk,
vulnerability, and chronic poverty among segments of the population. Although the
building blocks of social protection interventions vary across countries, common
instruments can take the form of social insurance (for example, health and property
insurance), social assistance (for example, conditional and unconditional cash and
food transfers), and services (such as child and adult education).
The connection between social protection and broader development is strong:
social protection policies play an important role in supporting pro-poor growth.
More specifically, risk and vulnerability act as a major impediment to human and
economic development. The lack of effective social protection mechanisms obstructs
the potential contribution of the poor to the development process, with, for example, the poorest people often developing less optimal survival strategies that perpetuate poverty, such as choosing low-productivity activities to reduce risk. Therefore,
to maximize the poverty reduction and growth potential of specific development
strategies, analyses of growth options need to factor in the potential impact of social
protection policies. Rather than facing a trade-off between social protection and
growth objectives, the synchronized pursuit of both interventions has the potential
for complementarity, resulting in a virtuous cycle of equitable and pro-poor growth.
References
Bourguignon, F. 2004. The Poverty–Growth–Inequality Triangle. Working Paper 125. New Delhi, India:
Indian Council for Research on International Economic Relations.
Dollar, D., and A. Kraay. 2002. “Growth Is Good for the Poor.” Journal of Economic Growth 7 (3):
195–225.
Fan, S., and X. Zhang. 2008. “Public Expenditure, Growth, and Poverty Reduction in Rural Uganda.”
African Development Review 20 (3): 466–496.
Grosse, M., K. Harttgen, and S. Klasen. 2008. “Measuring Pro-Poor Growth in Non-Income
Dimensions.” World Development 36 (6): 1021–1047.

414

XINSHEN DIAO AND JAMES THURLOW

Lofgren, H., and C. Diaz-Bonilla. 2010. MAMS: An Economywide Model for Development Strategy
Analysis. Washington, DC: World Bank.
Ravallion, M. 2001. “Growth, Inequality and Poverty: Looking beyond Averages.” World Development
29 (11): 1803–1815.
Ravallion, M., and S. Chen. 2001. Measuring Pro-Poor Growth. Policy Research Working Paper 2666.
Washington, DC: World Bank.
World Bank. 2001. World Development Report 2001: Attacking Poverty. Washington, DC.

Contributors

Kamiljon T. Akramov is a research fellow in the Development Strategy and
Governance Division of the International Food Policy Research Institute, Washington, DC.
Vida Alpuerto is a research analyst in the Development Strategy and Governance Division of the International Food Policy Research Institute, Washington, DC.
Samuel Benin is a research fellow in the Development Strategy and Governance
Division of the International Food Policy Research Institute, Washington, DC.
Clemens Breisinger is a research fellow in the Development Strategy and Governance
Division of the International Food Policy Research Institute, Washington, DC.
Joanna Brzeska is an independent consultant based in Luxembourg.
Xinshen Diao is a senior research fellow in the Development Strategy and Governance
Division of the International Food Policy Research Institute, Washington, DC.
Paul Dorosh is the director of the Development Strategy and Governance Division
of the International Food Policy Research Institute, Washington, DC.
Shenggen Fan is director general of the International Food Policy Research Institute,
Washington, DC.
Madhur Gautam is a lead economist at the World Bank, Washington, DC.

416

CONTRIBUTORS

Michael Johnson is a research fellow in the Development Strategy and Governance
Division of the International Food Policy Research Institute, Washington, DC.
Henrietta Kalinda is a lecturer in the Department of Agricultural Economics of the
University of Zambia, Lusaka.
Thomson Kalinda is the head of the Department of Agricultural Economics of the
University of Zambia, Lusaka.
Sam Kanyarukiga is an independent consultant for the Rwanda CAADP Roundtable
Support Team, Kigali.
Allen Kebba is a supervisor and rapporteur for Ark Consult Ltd., Kampala,
Uganda.
Jane Kiringai is a senior economist at the World Bank, Washington, DC, and is
based in Nairobi, Kenya.
Shashidhara Kolavalli is a senior research fellow, and leader of the Ghana Country
Strategy Support Program, in the Development Strategy and Governance Division
of the International Food Policy Research Institute, Washington, DC, and is based
in Accra, Ghana.
Christen McCool is an independent consultant.
Alejandro Nin Pratt is a research fellow in the Development Strategy and Governance
Division of the International Food Policy Research Institute, Washington, DC.
Manson Nwafor is a consultant for the International Institute of Tropical Agriculture,
Ibadan, Nigeria.
Nelson Ofwono is the managing director and principal consultant for Africa
Services Group Ltd., Kampala, Uganda.
Karl Pauw is a research fellow in the Development Strategy and Governance
Division of the International Food Policy Research Institute, Washington, DC, and
is based in Lilongwe, Malawi.
Valerie Rhoe is the senior program manager of the CGIAR Research Program on
Agriculture for Improved Nutrition and Health, which is led by the International
Food Policy Research Institute, Washington, DC.

CONTRIBUTORS

417

Sheu Salau is a senior research assistant in the Nigeria Strategy Support Program
in the Development Strategy and Governance Division of the International Food
Policy Research Institute, Washington, DC, and is based in Abuja, Nigeria.
Franklin Simtowe is a postdoctoral fellow and impact assessment economist at the
Africa Rice Center, Cotonou, Benin.
Alemayehu Seyoum Taffesse is a senior research fellow in the Development Strategy
and Governance Division of the International Food Policy Research Institute,
Washington, DC, and is based in Addis Ababa, Ethiopia.
James Thurlow was a research fellow in the Development Strategy and Governance
Division of the International Food Policy Research Institute, Washington, DC. He
is currently a research fellow at the United Nations University’s World Institute for
Development Economics Research, Helsinki, Finland.
Bingxin Yu is a research fellow in the Development Strategy and Governance
Division of the International Food Policy Research Institute, Washington, DC.

Index
Page numbers for entries occurring in figures are followed by an f; those for entries in notes, by
an n; and those for entries occurring in tables, by a t.
Accelerated growth scenarios: in DCGE
model, 38; in Ethiopia, 122–30, 124t,
134–35; in Ghana, 146–47, 148t, 149t; in
Kenya, 80, 81, 82t, 83t, 84–87; in Malawi,
253t, 254t, 255–66; in Mozambique, 356t,
359–60, 361t; in Nigeria, 215t, 217t,
219–20, 221–22t, 223t, 224–34; in
Rwanda, 179–85, 181t; in Tanzania,
382–83t, 384t, 387–94; in Uganda, 290t,
291t, 294–98; in Zambia, 324t, 326–36
ADLI. See Agriculture Development Led
Industrialization
Africa: country typology of, 6–8, 7t; growth
in, 1, 399; poverty in, 1–2, 399. See also
Country case studies; individual countries
Agricultural growth: in Africa, 2, 4, 399–400;
in case study countries, 10, 10t; composition of, 406–8; in Ethiopia, 107, 110–11,
111f; in Ghana, 142, 143t, 159–60; in
Kenya, 72, 75–76; in Malawi, 245–46,
272–74; in Mozambique, 349, 355–56,
366; in Nigeria, 211, 213–14; potential
for, 204–5, 401; poverty reduction role of,
2, 4, 167, 401–2, 402t, 405–6; in Rwanda,
167–68, 175–76, 177t, 178t, 192, 199,
200; sources of, 4, 5, 55–56, 179, 400,
402–5; subsector patterns of, 200–201,
406–8; in Tanzania, 372, 373, 374–76,
387; in Uganda, 281, 289, 309–10; in
Zambia, 317–18. See also Accelerated

growth scenarios; Comprehensive Africa
Agriculture Development Programme;
Growth outcomes of DCGE models;
Public agricultural expenditures
Agriculture: development role of, 2–5, 40;
economic linkages of, 3, 18, 39–40, 407;
factors of production in, 67t; risks in,
413; share of economy, 7–8. See also Export
crops
Agriculture Development Led Industrialization
(ADLI), 109, 113, 137
Agroecological conditions, 4, 6
Agroprocessing industries, 233, 241, 351–52,
362
Ahmed, H., 116
Armington, P. A., 24
Arnault, E. C., 174
Arndt, C., 354
Asia. See Green Revolution; Thailand
Benin, S., 307
Berlage, L., 174
Biofuel crops, in Mozambique, 350, 352–54,
359–60, 364, 367
Blanken, J., 174
Blarel, B., 173
Botswana, 8
CAADP. See Comprehensive Africa
Agriculture Development Programme

420

INDEX

Case studies. See Country case studies
Cattle. See Livestock and dairy sectors
Cereals. See Foodcrops
CGE models. See Computable general
equilibrium models
Chulu, O., 251
Clay, D. C., 168, 173–74
Communications spending. See Transport
and communications spending
Comprehensive Africa Agriculture Development Programme (CAADP): adoption of,
2; funding of, 61–62, 61f; growth targets
of, 2, 72, 350, 399; implementation
of, 2, 5; Kenyan adoption of, 72, 101;
Mozambican commitment to, 350;
Nigerian commitment to, 212, 219;
principles of, 2; Ugandan commitment
to, 282
Computable general equilibrium (CGE)
models, 18–19, 43–44. See also Dynamic
computable general equilibrium model
Country case studies: country characteristics,
8, 9t; growth in, 8–11, 10t; overview of,
5–6, 400; poverty reduction in, 10–11,
11t; selection of, 8. See also individual
countries
Country typology, 6–8, 7t
Crops. See Export crops; Foodcrops
Current account, 29–30, 41
Dairy sectors. See Livestock and dairy sectors
DCGE model. See Dynamic computable
general equilibrium model
De Haen, H., 174
Development strategies: agriculture in, 2–5,
405; broadly based, 405–6; of Ethiopia,
108–10, 115–16, 134, 136–37; of Ghana,
142; industrialization in, 4; of Kenya,
71–72, 73–75, 79, 86–87, 100; of Malawi,
266, 269, 274; of Mozambique, 349; of
Nigeria, 211, 212, 241, 242; nonagricultural
growth in, 405, 406; priority setting in,
235t, 240; regional, 409; of Rwanda, 166,
171–73, 189–91, 200; subsectors in,
406–8; of Tanzania, 376–77, 378; of
Uganda, 282, 304; of Zambia, 336,
339–41. See also Investment; Public
agricultural expenditures

Distributional effects, 41, 87, 411–12. See
also Poverty
Dorosh, P., 116
Dynamic computable general equilibrium
(DCGE) model: accelerated growth
scenarios of, 38; baseline scenario of, 37–38;
behavioral elasticities in, 37; capital in, 32;
closure rules of, 29, 30, 41, 42–43; consumption functions in, 20–22, 37, 38–39;
country data calibration of, 34–38; current
account in, 29–30, 41; distributional change
in, 41, 411–12; economywide conceptual
framework, 18–20, 19f; equilibrium
conditions in, 26–27; extensions of,
409–13; farm models in, 411; government
in, 27–28; household savings in, 21, 60–61;
international trade in, 23–26, 37, 40;
investment demand in, 28; limitations of,
42–44; macroeconomic balance in, 29–30,
41; marketing costs in, 33; nutritional status
in, 39; poverty measures in, 38–39; production functions in, 22–23, 33–34, 37;
public sector in, 19–20; recursive dynamics
of, 31–33, 41; regional production
functions in, 33–34; specification of, 20–34,
46–47t; subsectors in, 40–41; summary of,
39–41; variables and parameters of, 45t. See
also individual countries
Econergy, 352
Economic Development and Poverty
Reduction Strategy 2008–12 (EDPRS;
Rwanda), 166, 189–91
Economic growth. See Growth
Economic Recovery Strategy (ERS; Kenya),
73–75, 86–87
Economywide conceptual framework, 18–20,
19f
EDPRS. See Economic Development and
Poverty Reduction Strategy
Environmental sustainability, in Rwanda,
168, 172
EPRDF. See Ethiopian People’s Revolutionary
Democratic Front
ERS. See Economic Recovery Strategy
Ethiopia: agroecological zones of, 117–18,
117f; Derg regime of, 108–9; development
strategies of, 108–10, 115–16, 134,

INDEX

136–37; food security in, 107, 109, 113;
growth in, 119, 121–22, 121t; growth–
poverty relationships in, 121–22, 121t,
130–34, 132t, 135–36; nonagricultural
growth in, 126, 133–35; poverty in,
121–22, 121t, 130–31, 132t, 133t;
poverty reduction in, 110, 131–34, 132t;
roads in, 136; rural population of, 107, 108
Ethiopian agriculture: cereal production by,
111–15, 112t, 114t, 122, 123, 134; economic importance of, 107, 134; export
crops, 116, 125; fertilizer subsidies in, 110;
fertilizer use in, 113, 115; foodcrops, 123;
growth of, 107, 110–11, 111f, 119; labor
in, 119–20, 123, 125; livestock and dairy
sector, 116, 117, 122; marketing programs
in, 113, 136; performance of, 107, 110–16;
prices in, 129–30, 129t, 133–34, 135;
productivity of, 115, 136; public investments in, 109–10, 113, 136; regional
differences in, 115; research and extension
in, 109–10, 113; socialist reform of, 108–9
Ethiopian DCGE model: accelerated growth
scenarios of, 122–30, 124t, 134–35;
baseline scenario of, 119–22, 120t;
consumption linkages in, 126–29, 127t;
description of, 116–19; household
structure of, 118, 122; income elasticities
of demand in, 118, 137t; poverty outcomes
of, 121, 122, 130–34, 132t, 133t, 135–36;
social accounting matrix, 116, 138t; subsectors in, 116–17, 123–26; total factor
productivity in, 120–21, 122
Ethiopian People’s Revolutionary Democratic
Front (EPRDF), 109–10
Evenson, R. E., 339
Expenditures. See Public agricultural expenditures; Public nonagricultural expenditures
Export crops: in DCGE model, 23–25, 40;
diversification of, 145; of Ethiopia, 116,
125; of Ghana, 142–43; growth contribution of, 179, 400, 402–4, 403t; of Kenya,
75, 79, 87–89, 94–95, 96; of Malawi,
247–48, 249t, 251, 259–60, 273, 403; of
Mozambique, 350, 351, 359–61, 362, 364,
368t; of Nigeria, 224, 231; poverty reduction role of, 4, 402–5, 404t; public investments in, 203–4; regional trade in, 4, 169,

421

400; of Rwanda, 167, 168–69, 170–71,
172, 175, 182, 185, 199, 203–4; of
Tanzania, 375t, 376, 387, 393; of Uganda,
281, 283–86, 288, 292–93, 299, 310;
of Zambia, 317, 319, 322, 328, 331, 334,
341
Extension services. See Research and
extension services
Factor accumulation, determinants of, 54–55
Factor markets, 26, 43, 54–55, 145–46
Fan, S., 52, 91, 236, 272, 304, 306, 307,
308, 340, 377–78, 411
Fertilizer subsidies: in Ethiopia, 110; in
Malawi, 270; in Zambia, 338
Fertilizer use: in Ethiopia, 113, 115; in
Kenya, 76; in Rwanda, 172, 191, 192;
in Tanzania, 373, 377; in Uganda, 307; in
Zambia, 318
Food: consumption in Rwanda, 169–70,
175, 184; imports of, 4, 40, 144–45, 184,
185, 374; prices of, 133–34, 135, 184,
184f, 231–34, 298, 379–80. See also
Livestock and dairy sectors; Nutrition
Foodcrops: of Ethiopia, 111–15, 112t, 114t,
122, 123, 134; expanding production of,
4; growth contribution of, 179, 400,
402–5, 403t; as investment priority,
402–5; of Kenya, 75, 76, 78, 87, 88, 94;
of Malawi, 246, 247, 249t, 251, 273, 403;
of Mozambique, 351, 364, 367, 368t; of
Nigeria, 220, 224, 230–31, 233; poverty
reduction role of, 402–5, 404t; of Rwanda,
169, 170, 182–83, 184, 201, 203; of
Tanzania, 374–76, 375t; of Uganda, 281,
283–84, 286, 288, 292; of Zambia, 317,
319–22, 332, 341–42
Food security: in Ethiopia, 107, 109, 113;
improving, 78; in Malawi, 246, 273–74;
in Mozambique, 349; in Nigeria, 212; in
Rwanda, 170, 173, 179, 201; in Tanzania,
372
Fowler, M., 169
GDP (gross domestic product). See Growth
Ghana: agroecological zones of, 143–44,
144t, 146; development strategy of, 142;
food imports of, 144–45; governance of,

422

INDEX

Ghana (continued )
141; growth in, 141; poverty reduction in,
141, 148, 149t
Ghanaian agriculture: economic importance
of, 142; export crops, 142–43; growth of,
142, 143t, 159–60; irrigation, 142; land
expansion in, 143, 144t; markets for,
144–45; productivity of, 142, 143–44,
144t, 145t, 147, 159–60; public investments in, 149–55, 151t, 156–57f, 158–59,
160
Ghanaian DCGE model: accelerated growth
scenario of, 146–47, 148t, 149t; baseline
scenario of, 146, 147, 148, 148t, 149t,
153; description of, 145–46; growth
elasticities in, 162t; growth outcomes of,
147–49, 148t, 160; household budget
shares in, 161t; poverty outcomes of, 148,
149t; private sector investments in, 158–59;
public investment simulations in, 149–50,
152–55, 154t, 156–57f, 158–59, 160,
162–63t; sectors in, 146; social accounting
matrix, 145–46, 161t
Government spending. See Public agricultural
expenditures; Public nonagricultural
expenditures
Green Revolution, 3, 145, 270, 399–400
Gross domestic product (GDP). See Growth
Growth: in Africa, 1, 399; agricultural role in,
2–5; in case study countries, 8–11, 10t; in
Ethiopia, 119, 121–22, 121t; in Ghana,
141; in Kenya, 72–73, 73t, 74, 79; in
Malawi, 245; in Mozambique, 349, 355;
in Nigeria, 211, 213; in nonagricultural
sectors, 405, 406; in Rwanda, 165, 175–76;
sources of, 5–6; in Tanzania, 371, 373,
394; in Uganda, 281, 289, 309–10, 311t;
in Zambia, 317–18. See also Agricultural
growth
Growth outcomes of DCGE models: of
Ghana, 147–49, 148t, 160; of Kenya, 81,
82t, 84–87, 94–95, 94t, 97, 98t, 99, 99f;
of Malawi, 252–53, 253t, 255–57; of
Mozambique, 356–58, 356t, 357t, 359–60,
362, 364–66; of Nigeria, 213–14, 217t,
220, 223t, 224–25; of Rwanda, 176, 177t,
178t, 180, 181t, 186, 200–201; of
Tanzania, 381, 382–83t, 384, 384t, 388;

of Uganda, 290t, 291t, 293, 294–96, 310;
of Zambia, 323–24, 324t, 326–27, 341–42
Growth–poverty relationships: consumption
linkages in, 18, 379; economywide
conceptual framework, 18–20, 19f;
elasticities, 182–83, 183t, 331–33, 332t,
363–64, 363t, 401, 402t; in Ethiopia,
121–22, 121t, 130–34, 132t, 135–36;
income distribution and, 411–12; in
Kenya, 84–86, 401; in Malawi, 260–63,
262t, 263f; models of, 17–18; in Mozambique, 363–64, 363t, 365f; in Nigeria,
217–18, 226–31, 229t, 241; nonagricultural
growth and, 402t; production linkages in,
18–19, 379; in Rwanda, 182–83, 183t,
188, 201, 401; in Tanzania, 371–72,
385–87, 390, 391–94, 392t, 395; in
Uganda, 282, 294, 298–303, 300t, 301f;
in Zambia, 318, 327–29, 331–36, 332t,
333f, 341
Health indicators, 165. See also Nutrition
Household savings, 21, 60–61
IFPRI. See International Food Policy Research
Institute
Imports: food, 4, 24, 40, 144–45, 184, 185,
374; prices of, 24
Incomes: equilibrium, 26–27; household,
26–27; nutrition and, 379–80. See also
Poverty
Industrial sectors: agroprocessing, 233, 241,
351–52, 362; in development strategies, 4;
of Kenya, 71, 72, 74, 84, 85; linkages to
agriculture, 3
Infrastructure investments: in Kenya, 90, 90f,
92–95, 96–101; returns to, 308. See also
Roads; Transport and communications
spending
Inputs: growth rates of, 67t; prices of, 373;
subsidies of, 246, 252, 270, 273–74, 317,
373, 377. See also Fertilizer
Integrated Support to Farmers Groups
(Uganda), 304
International Food Policy Research Institute
(IFPRI), 79–80
Investment: crowding out effects of, 52, 57,
61, 65t; demand for, 28. See also Public

INDEX

agricultural expenditures; Public
nonagricultural expenditures
Investment analysis: approaches to, 12–13;
integration of, 410–11. See also individual
countries
Irrigation: in Ghana, 142; in Kenya, 76,
92–94, 95, 97, 100; in Malawi, 270–71; in
Rwanda, 192; in Tanzania, 374; in Zambia,
339–40
Iyaniwura, J., 213
Kakwani, N., 52
Kelly, V., 174, 191
Kenya: agroecological zones of, 76–79, 77f,
78t; development strategy of, 71–72,
73–75, 79, 86–87, 100; economic
structure of, 77, 102t; growth in, 72–73,
73t, 74, 79; growth–poverty relationships
in, 401; income inequality in, 86, 87;
industrial sectors of, 71, 72, 74, 84, 85;
infrastructure investments in, 90, 90f,
92–95, 96–101; metropolitan centers of,
77, 77f; poverty in, 73, 74, 74t, 78, 79,
97–98; roads in, 91–92, 96–97; rural
economy of, 71, 75; rural population of,
75
Kenya Institute for Public Policy Research
and Analysis (KIPPRA), 79–80
Kenyan agriculture: development role of,
72, 75–76, 79, 100; economic linkages of,
85; export crops, 75, 79, 87–89, 94–95,
96; fertilizer use in, 76; foodcrops, 75,
76, 78, 87, 88, 94; growth of, 72, 75–76;
growth rate targets for, 71, 72, 75, 101;
irrigation, 76, 92–94, 95, 97, 100;
livestock and dairy sector, 79, 87, 88, 94;
market access of, 76, 90, 96; productivity
of, 75, 76, 89–90; public investments
in, 75, 89–91, 90f, 100–101; regional
differences in, 76–79, 78t; research and
extension in, 75, 76, 90, 92–93, 94–95,
98, 100, 101
Kenyan DCGE model: accelerated growth
scenarios of, 80, 81, 82t, 83t, 84–87;
baseline scenario of, 80–81, 82t, 83t, 92,
103t; data sources for, 80, 92; development
of, 79–80; growth incidence curves in, 86,
86f; growth outcomes of, 81, 82t, 84–87,

423

94–95, 94t, 97, 98t, 99, 99f; investment
scenarios in, 72, 91–101, 93f, 94t, 95t,
98t, 99f; poverty outcomes of, 81, 83t,
84–87, 88, 89f, 95, 95t, 97, 97f, 98t,
99–100; sectoral growth multipliers in, 85,
85t; social accounting matrix, 79–80, 103t;
subsectors in, 87–89, 89f
KIPPRA. See Kenya Institute for Public Policy
Research and Analysis
Labor, in Ethiopian agriculture, 119–20, 123,
125
Labor markets, 43, 80
Lin, L., 270
Livestock and dairy sectors: calorie contents
of foods, 379–80; in Ethiopia, 116, 117,
122; in Kenya, 79, 87, 88, 94; in Mozambique, 352; in Nigeria, 224–25, 233–34;
prices in, 184–85, 185f, 201, 379–80; in
Rwanda, 169, 184–85, 185f; in Tanzania,
376–77, 393; in Uganda, 283, 286, 287t,
293
Malawi: development strategy of, 266, 269,
274; food security in, 246, 273–74; growth
in, 245; growth–poverty relationships in,
260–63, 262t, 263f; land and population
distribution in, 247–50, 249t, 274t;
population growth in, 245; poverty in,
245, 246, 248–50, 273; roads in, 271–72;
structural reforms in, 245–46; transport
and communications spending in, 271–72,
272f
Malawian agriculture: constraints on growth
of, 246, 263–64; districts, 247, 248f, 251;
economic importance of, 247, 257; economic linkages of, 262–63, 264t; export
crops, 247–48, 249t, 251, 259–60, 273,
403; farm sizes in, 247–50, 249t; farm
typology in, 247–50; foodcrops, 246, 247,
249t, 251, 273, 403; growth of, 245–46,
272–74; input subsidies in, 246, 252, 270,
273–74, 377; irrigation, 270–71; prices in,
260, 263–64, 265f; productivity of, 246,
249t, 254t, 256–57, 256t, 265; public
investments in, 266–72; research and
extension in, 256, 270, 271f; in urban
areas, 250

424

INDEX

Malawian DCGE model: accelerated growth
scenarios of, 253t, 254t, 255–66; baseline
scenario of, 252–55, 253t, 254t; data
sources for, 251; description of, 250–52;
farm typology in, 246–47, 251, 252;
growth outcomes of, 252–53, 253t,
255–57; household income elasticities
in, 252, 264, 275t; investment analysis
of, 266–71, 268t, 273, 276t; poverty
outcomes of, 253–55, 255f, 257–63,
258t, 262t, 263f, 265–66, 273;
production linkages in, 251–52; social
accounting matrix, 250–51, 275t;
subsectors in, 259–63, 259f, 261f, 273
Malawi Growth and Development Strategy
(MGDS), 269, 270–71, 272
Malley, Z. J. U., 377
Malnutrition, in Tanzania, 372. See also Food
security; Nutrition
Maputo Declaration, 72, 90–91, 100, 101,
188. See also Comprehensive Africa
Agriculture Development Programme;
Public agricultural expenditures
Market access, 76, 90, 96, 407–8. See also
Roads
Matsumoto, T., 377
McCool, C., 354
MDGs. See Millennium Development Goals
Meertens, B., 377
MGDS. See Malawi Growth and
Development Strategy
Milk. See Livestock and dairy sectors
Millennium Development Goals (MDGs),
51, 52, 81, 141, 309, 405. See also Poverty
reduction
Mozambican agriculture: biofuel crops, 350,
352–54, 359–60, 364, 367; commercial
plantations, 351, 352; constraints on
growth of, 349–50, 352; economic
importance of, 351; economic linkages of,
360, 362, 364–66, 365t; export crops,
350, 351, 359–61, 362, 364, 368t;
fisheries, 352; foodcrops, 351, 364, 367,
368t; foreign interest in, 350, 352; growth
of, 349, 355–56, 366; investment priorities
in, 350, 366–67; livestock and dairy sector,
352; productivity of, 350, 356–58, 357t,
359, 361–62; by province, 353t, 354,
360–61, 368t; smallholders in, 351

Mozambican DCGE model: accelerated
growth scenarios of, 356t, 359–60, 361t;
baseline scenario of, 355–58, 356t, 361t;
consumption expenditures in, 355; data
sources for, 354; description of, 354–55;
growth outcomes of, 356–58, 356t, 357t,
359–60, 362, 364–66; poverty outcomes
of, 358, 358f, 360–62, 361t, 363–66; price
effects in, 355, 361, 362, 362f; social
accounting matrix, 354, 369t; subsectors
in, 354, 363–66, 363t, 365f
Mozambique: agroprocessing industries in,
351–52, 362; civil war effects in, 349, 356;
development strategy of, 349; food security
in, 349; growth in, 349, 355; growth–
poverty relationships in, 363–64, 363t,
365f; land and population distribution in,
351–52, 353t; poverty in, 349
National Agricultural Advisory Services
(NAADS; Uganda), 304, 307–8
National Development Plan (NDP; Kenya),
73–75
National Economic Empowerment and
Development Strategies (NEEDS;
Nigeria), 212
National Food Security Program (NFSP;
Nigeria), 212, 219–20, 224
Ndayizigiye, F., 174
NDP. See National Development Plan
NEEDS. See National Economic Empowerment and Development Strategies
New Partnership for Africa’s Development
(NEPAD), 2. See also Comprehensive
Africa Agriculture Development Programme
NFSP. See National Food Security Program
Nigeria: agroprocessing industries in, 233,
241; development strategy of, 211, 212,
241, 242; food security in, 212; growth in,
211, 213; growth–poverty relationships
in, 217–18, 226–31, 229t, 241; incomes
in, 232; investment in, 214; oil exports of,
211, 213, 214; poverty in, 211, 216–19,
218f, 219f, 226; poverty reduction in, 212;
public nonagricultural expenditure in,
234–36, 237–38, 240; rural population of,
212; state governments of, 241
Nigerian agriculture: economic importance
of, 211, 212; export crops, 224, 231; food-

INDEX

crops, 220, 224, 230–31, 233; growth in,
211, 213–14; growth targets of, 212, 219;
livestock and dairy sector, 224–25, 233–34;
markets for, 240–41; productivity of, 215,
220, 221–22t; public investments in, 234,
236–40, 239f, 241–42
Nigerian DCGE model: accelerated growth
scenarios of, 215t, 217t, 219–20, 221–22t,
223t, 224–34; baseline scenario of,
213–19, 215t, 217t, 221–22t, 223t; capital
accumulation in, 214; data sources for,
213; description of, 212–13; growth
decomposition in, 214–16, 215t; growth
multipliers in, 230–31; growth outcomes
of, 213–14, 217t, 220, 223t, 224–25;
investment analysis of, 234–40, 237t;
poverty outcomes of, 216–19, 218f,
219f, 225–31, 225f, 227t; price effects in,
231–34, 232f; social accounting matrix,
213, 242t; subsectors in, 212–13, 220,
223t, 224–25, 228–31, 240–41
Nin Pratt, A., 338
Nutrition: caloric availability, 39, 379–80,
380t; growth relationship, 379, 390–91,
392t; incomes and, 379–80; in Tanzanian
DCGE model, 379–81, 384–85, 386t,
390–91, 412. See also Food
Nyanga, D., 377–78
PAE. See Public agricultural expenditures
PASDEP. See Plan for Accelerated and
Sustained Development to End Poverty
Piesse, J., 270
Plan for Accelerated and Sustained Development to End Poverty (PASDEP; Ethiopia),
110, 115–16, 137
Plan for the Modernisation of Agriculture
(PMA; Uganda), 282, 304
PNE. See Public nonagricultural expenditures
Population growth: in Africa, 204; in Malawi,
245; in Uganda, 282; in Zambia, 317
Poultry. See Livestock and dairy sectors
Poverty: in Africa, 1–2, 399; consumption
function and, 38–39; definition of, 412;
in Ethiopia, 121–22, 121t, 130–31, 132t,
133t; increases in, 1; in Kenya, 73, 74,
74t, 78, 79, 97–98; in Malawi, 245, 246,
248–50, 273; measures of, 48n, 411,
412; in Mozambique, 349; in Nigeria,

425

211, 216–19, 218f, 219f, 226; in rural
areas, 2, 3, 4, 6–8; in Rwanda, 166; social
protection policies and, 413; in Tanzania,
371–72, 385, 395, 409; in Uganda,
281–82, 311t. See also Growth–poverty
relationships
Poverty outcomes of DCGE models: of
Ethiopia, 121, 122, 130–34, 132t, 133t,
135–36; of Ghana, 148, 149t; of Kenya,
81, 83t, 84–87, 88, 89f, 95, 95t, 97, 97f,
98t, 99–100; of Malawi, 253–55, 255f,
257–63, 258t, 262t, 263f, 265–66, 273;
of Mozambique, 358, 358f, 360–62,
361t, 363–66; of Nigeria, 216–19, 218f,
219f, 225–31, 225f, 227t; of Rwanda,
176, 179, 180–83, 181t, 186, 201; of
Tanzania, 385–87, 386t, 389–90; of
Uganda, 293–94, 294f, 296–98, 297t,
310; of Zambia, 324–26, 326f, 327–36,
330t, 341
Poverty reduction: agricultural growth’s role
in, 2, 4, 87, 167, 401–2, 402t, 405–6;
in case study countries, 10–11, 11t; in
Ethiopia, 110, 131–34, 132t; export crops
and, 4, 402–5, 404t; foodcrops and,
402–5, 404t; in Ghana, 141, 148, 149t;
in Nigeria, 212; obstacles to, 1–2; in
Rwanda, 176, 179, 186, 200; in Uganda,
281–82, 304, 309–10. See also Millennium
Development Goals
Price effects in DCGE models: of Mozambique, 355, 361, 362, 362f; of Nigeria,
231–34, 232f; of Rwanda, 183–85, 201–2;
of Tanzania, 388–89, 389f; of Uganda,
298, 299f
Prices: equilibrium, 26, 27; in Ethiopian
agriculture, 129–30, 129t, 133–34, 135; of
exports, 25; of food, 133–34, 135, 184,
184f, 231–34, 298, 379–80; growth links
of, 183–85, 201–2, 231–34; of imports,
24; of inputs, 373; of livestock products,
184–85, 185f, 201; in Malawi, 260,
263–64, 265f; marketing costs and, 33;
producer, 23; in Rwanda, 183–85, 201–2;
in Tanzania, 373
Productivity, agricultural: in Ethiopia, 115,
136; in Ghana, 142, 143–44, 144t, 145t,
147, 159–60; in Kenya, 75, 76, 89–90; in
Malawi, 246, 249t, 254t, 256–57, 256t,

426

INDEX

Productivity, agricultural (continued )
265; in Mozambique, 350, 356–58, 357t,
359, 361–62; in Nigeria, 215, 220, 221–22t;
in Rwanda, 166, 167, 168, 176, 177t, 192,
195t, 196, 197, 200; in Tanzania, 373,
381, 382–83t, 395; in Uganda, 282, 290,
292, 295–96, 295t; in Zambia, 324, 325t,
326–27, 327t, 328. See also Total factor
productivity
PSTA. See Strategic Plan for Agricultural
Transformation in Rwanda
Public agricultural expenditures (PAE):
agricultural growth sources and, 55–56;
application of estimation formula, 60;
constraints on, 205, 408; crowding out
effects of, 52, 57, 61, 65t; data sources for
estimation of, 57–60; efficiency of, 408–9;
elasticity of output and, 59, 63t, 64t,
266–67; estimation approaches, 51–52;
estimation parameters, 58t; in Ethiopia,
109–10, 113, 136; in export crop sectors,
203–4; externalities of, 189; financing
of, 60–62; in Ghana, 149–55, 151t,
156–57f, 158–59, 160; growth of, 56, 66t;
increasing, 408–9; interaction effects of,
65t; interaction with nonagricultural
spending, 52, 54, 56, 57, 59; in Kenya,
75, 89–91, 90f, 100–101; in Malawi,
266–72; Maputo Declaration targets, 72,
90–91, 101, 188; in Nigeria, 234, 236–40,
239f, 241–42; potential returns to, 189–92,
196–99, 198t, 202–4; prioritizing, 189,
269–72, 298–304, 303f, 306–7; private
sector investments and, 158–59; productivity impact of, 89–92, 92t; required
to achieve agricultural growth rates, 57;
returns to, 91, 92t, 270, 272, 304, 307,
308, 402; rural infrastructure investments,
90, 308; in Rwanda, 185–92, 187t, 190t,
193–94t, 196–99, 202–4; in Tanzania,
377–78, 395; in Uganda, 282, 304–8,
307f, 310–11, 409; in Zambia, 336–38,
339–41, 342
Public nonagricultural expenditures (PNE):
effects of, 52, 64t; efficiency of, 408–9;
elasticities of, 64t; growth of, 56; interaction with agricultural spending, 52, 54,
56, 57, 59; in Malawi, 271–72; in Nigeria,

234–36, 237–38, 240; returns to, 272; in
Uganda, 304–6
Public spending, 54–55, 56, 66t
Rao, N., 377–78
REMA. See Rwandan Environment
Management Authority
Research and extension services: in Ethiopia,
109–10, 113; in Kenya, 75, 76, 90, 92–93,
94–95, 98, 100, 101; in Malawi, 256, 270,
271f; returns to investment in, 270, 308,
377–78, 411; in Tanzania, 377–78, 395;
in Uganda, 270, 304, 307–8, 307f, 411; in
Zambia, 318, 338–39, 339f
Risk, 413
Roads: in Ethiopia, 136; in Kenya, 91–92,
96–97; in Malawi, 271–72; in Tanzania,
395; in Uganda, 272, 306, 308, 340; in
Zambia, 340–41. See also Transport and
communications spending
Roose, E., 174
Rosegrant, M. W., 339
Rural poverty, 2, 3, 4, 6–8. See also Poverty
Rwanda: budget allocations in, 188–89, 191;
development challenges of, 166; development strategies of, 166, 171–73, 189–91,
200; education in, 165; food consumption
spending in, 169–70, 175, 184; food
imports of, 184, 185; food security in,
170, 173, 179, 201; genocide effects in,
165, 166, 168, 175; growth in, 165, 175–76;
growth–poverty relationships in, 182–83,
183t, 188, 201, 401; health indicators in,
165; nonagricultural trade of, 185; population density of, 167–68; population
distribution of, 169, 170t; poverty in, 166;
poverty reduction in, 176, 179, 186, 200;
private investment in, 186; public and
private investment in, 165
Rwandan agriculture: comparisons to other
countries, 204–5; by district, 171; economic
importance of, 167; economic linkages of,
203; environmental sustainability of, 168,
172; export crops, 167, 168–69, 170–71,
172, 175, 182, 185, 199, 203–4; fertilizer
use in, 172, 191, 192; foodcrops, 169,
170, 182–83, 184, 201, 203; growth of,
167–68, 175–76, 177t, 178t, 192, 199,

INDEX

200; incomes in, 167, 168, 169; irrigation,
192; landholding sizes in, 169, 170t; land
scarcity in, 168, 169, 204; livestock and
dairy sector, 169, 184–85, 185f; previous
research on, 173–74; prices in, 183–85,
184f, 185f, 201–2; productivity of, 166,
167, 168, 176, 177t, 192, 195t, 196,
197, 200; public investments in, 185–92,
187t, 190t, 193–94t, 196–99, 202–4;
soil erosion and, 168, 172, 173–74;
subsistence, 168
Rwandan DCGE model: accelerated growth
scenarios of, 179–85, 181t; baseline
scenario of, 175–76, 177t, 178t, 179;
description of, 174–75; growth outcomes
of, 176, 177t, 178t, 180, 181t, 186,
200–201; investment analysis of, 185–92,
196–99; poverty outcomes of, 176, 179,
180–83, 181t, 186, 201; price effects in,
183–85, 201–2; social accounting matrix,
174–75, 206t
Rwandan Environment Management
Authority (REMA), 168
SAMs. See Social accounting matrixes
Saurkar, A., 236
SDPRP. See Sustainable Development and
Poverty Reduction Program
Social accounting matrixes (SAMs), 34–37,
35t, 42
Social protection policies, 413
Son, H. H., 52
South Africa, 8
Staple crops. See Foodcrops
Strategic Plan for Agricultural Transformation
in Rwanda (PSTA), 172–73
Sub-Saharan Africa. See Africa
Subsidies: fertilizer, 110, 270, 338; input,
246, 252, 270, 273–74, 317, 373, 377
Sustainable Development and Poverty
Reduction Program (SDPRP; Ethiopia),
110
Taeb, M., 377
Tanzania: development strategy of, 376–77,
378; food imports of, 374; growth in, 371,
373, 394; growth–poverty relationships
in, 371–72, 385–87, 390, 391–94, 392t,

427

395; income inequality in, 371, 395;
malnutrition in, 372; poverty in, 371–72,
385, 395, 409; roads in, 395; structural
adjustment policies of, 373–74, 377
Tanzanian agriculture: constraints on growth
of, 377; economic linkages of, 392–94,
393t; export crops, 375t, 376, 387, 393;
fertilizer use in, 373, 377; fisheries, 376;
foodcrops, 374–76, 375t; growth of, 372,
373, 374–76, 387; growth potential of,
376–78; input prices in, 373; input
subsidies in, 373, 377; investment
priorities in, 393–94, 394f, 395; irrigation,
374; livestock and dairy sector, 376–77,
393; prices in, 373; productivity of, 373,
381, 382–83t, 395; public investments in,
377–78, 395; regions of, 378, 387;
research and extension in, 377–78, 395;
technology in, 373, 374, 377
Tanzanian DCGE model: accelerated growth
scenarios of, 382–83t, 384t, 387–94; baseline scenario of, 381, 382–83t, 384–87,
384t; data sources for, 378, 381; description
of, 378–81; growth outcomes of, 381,
382–83t, 384, 384t, 388; growth source
comparison in, 391–94, 393t; nutrition
module of, 379–81, 384–85; nutrition
outcomes of, 385, 386t, 390–91, 412;
poverty module of, 378–79, 384–85; poverty
outcomes of, 385–87, 386t, 389–90; price
effects in, 388–89, 389f; social accounting
matrix, 378, 396t
Taxes, 19, 27–28, 52, 60–61
TFP. See Total factor productivity
Thailand, exports of, 233–34
Thirtle, C., 270
Thurlow, J., 116, 354
Total factor productivity (TFP): changes in,
53; determinants of growth of, 54, 56;
growth in, 67t, 215, 216, 220; investment
impacts on, 91, 92t; shocks to, 196. See
also Productivity
Trade. See Export crops; Imports
Transaction costs, 33
Transport and communications spending: in
Malawi, 271–72, 272f; in Uganda, 308,
309f; in Zambia, 340–41, 340f. See also
Roads

428

INDEX

Uganda: development strategy of, 282, 304;
education in, 411; food prices in, 298,
299f; growth in, 281, 289, 309–10, 311t;
growth–poverty relationships in, 282, 294,
298–303, 300t, 301f; population growth
in, 282; poverty in, 311t; poverty reduction
in, 281–82, 304, 309–10; returns to public
investment in agriculture in, 91, 92t, 270,
272, 304, 307, 308; roads in, 272, 306,
308, 340; transport and communications
spending in, 308, 309f
Ugandan agriculture: economic linkages
of, 301–2, 302t; export crops, 281,
283–86, 288, 292–93, 299, 310; farm
typology in, 283–87, 284f, 285t, 288;
fertilizer use in, 307; fisheries and
forestry, 293; foodcrops, 281, 283–84,
286, 288, 292; growth of, 281, 289,
309–10; livestock and dairy sector, 283,
286, 287t, 293; productivity of, 282,
290, 292, 295–96, 295t; public investments in, 282, 304–8, 307f, 310–11,
409; research and extension in, 270,
304, 307–8, 307f, 411; in urban areas,
286–87, 298
Ugandan DCGE model: accelerated
growth scenarios of, 290t, 291t, 294–98;
baseline scenario of, 289–94, 290t,
291t; data sources for, 289; description
of, 287–89; farm typology in, 288;
growth outcomes of, 290t, 291t, 293,
294–96, 310; investment analysis of,
304–8, 305t, 313t; poverty outcomes of,
293–94, 294f, 296–98, 297t, 310; price
effects in, 298, 299f; social accounting
matrix, 312t; subsectors in, 287–88, 310,
312t
Verpoorten, M., 174
Vision 2020 (Rwanda), 166, 171–72
Vision 2030 (Kenya), 74
Von Braun, J., 174

Wobst, P., 251
Wolter, D., 377
World Bank, 175, 270
Yields. See Productivity
Yu, B., 236, 338
Zambia: agroecological zones of, 319, 322,
323; development strategy of, 336, 339–41;
economic reforms in, 317; growth in,
317–18; growth–poverty relationships in,
318, 327–29, 331–36, 332t, 333f, 341;
population growth in, 317; poverty
reduction in, 317–18; roads in, 340–41;
transport and communications spending
in, 340–41, 340f
Zambian agriculture: constraints on growth of,
318; economic importance of, 319; economic linkages of, 331, 333–34, 335t, 341;
export crops, 317, 319, 322, 328, 331, 334,
341; farm typology in, 319–22, 320f, 321t,
343t; fertilizer subsidies in, 338; fertilizer use
in, 318; foodcrops, 317, 319–22, 332,
341–42; growth of, 317–18; investment
priorities in, 334–36, 335f, 338–41;
irrigation, 339–40; productivity of, 324,
325t, 326–27, 327t, 328; public investments
in, 336–38, 339–41, 342; research and
extension in, 318, 338–39, 339f; structural
reforms in, 317; in urban areas, 322
Zambian DCGE model: accelerated growth
scenarios of, 324t, 326–36; baseline scenario
of, 323–24, 324t; data sources for, 323;
description of, 323; growth outcomes of,
323–24, 324t, 326–27, 341–42; growth
sources in, 328–31, 329f, 330f; investment
analysis of, 336–41, 337t, 344t; poverty
outcomes of, 324–26, 326f, 327–36, 330t,
341; social accounting matrix, 323, 344t;
subsectors in, 323, 331–36, 341
Zhang, X., 91, 272, 304, 306, 307, 308, 340,
411

I

N THE FIRST DECADE OF THE TWENTY-FIRST CENTURY, COUNTRIES WITHIN SUB-SAHARAN

Africa reached milestones that seemed impossible only ten years ago: macroeconomic
stability, sustained economic growth, and improved governance. Continuing this pattern

of success will require enhancing the region’s agricultural sector, in which a large proportion

of poor people make a living. The authors of Strategies and Priorities for African Agriculture:

Economywide Perspectives from Country Studies argue that, although the diversity of the
poverty than increasing export-crop production. This conclusion is based on case studies

in agriculture and agricultural markets and propose new directions for future research.
The last ten years have been an encouraging time for one of the world’s poorest regions; this
book offers an analysis of how recent, promising trends can be sustained into the future.
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