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ABSTRACT 

This study identifies the major methods used by farmers to adapt to climate change in the Nile Basin of 
Ethiopia, the factors that affect their choice of method, and the barriers to adaptation. The methods 
identified include use of different crop varieties, tree planting, soil conservation, early and late planting, 
and irrigation. Results from the discrete choice model employed indicate that the level of education, 
gender, age, and wealth of the head of household; access to extension and credit; information on climate, 
social capital, agroecological settings, and temperature all influence farmers’ choices. The main barriers 
include lack of information on adaptation methods and financial constraints. Moreover, the analysis 
reveals that age of the household head, wealth, information on climate change, social capital, and 
agroecological settings have significant effects on farmers’ perceptions of climate change.” 

Keywords: adaptation, perception on climate change, Nile Basin of Ethiopia 



 

vii 
 

ABBREVIATIONS AND ACRONYMS 

IPCC Intergovernmental Panel on Climate Change  
CSA Central Statistics Authority  
NMSA  National Meteorological Services Agency  
MEDaC  Ministry of Economic Development and Cooperation  
MoA Ministry of Agriculture 
CSA Central Statistics Authority 
EDRI Ethiopian Development Research Institute 
SNNP Southern Nations Nationalities and Peoples 
MoWR Ministry of Water Resources 
CIMMYT International Maize and Wheat Improvement Center 
 



 

 



 

 
 

1

1.  INTRODUCTION 

Studies indicate that Africa’s agriculture is negatively affected by climate change (Pearce et al. 1996; 
McCarthy et al. 2001). Adaptation is one of the policy options for reducing the negative impact of 
climate change (Adger et al. 2003; Kurukulasuriya and Mendelsohn 2006a). Adaptation to climate change 
refers to adjustment in natural or human systems in response to actual or expected climatic stimuli or their 
effects, which moderates harm or exploits beneficial opportunities (IPCC 2001). Common adaptation 
methods in agriculture include use of new crop varieties and livestock species that are better suited to 
drier conditions, irrigation, crop diversification, adoption of mixed crop and livestock farming systems, 
and changing planting dates (Bradshaw, Dolan, and Smit 2004; Kurukulasuriya and Mendelsohn ,2006a; 
Nhemachena and Hassan 2007). 

Agriculture is the main sector of the Ethiopian economy. It contributes about 52 percent of the 
GDP, generates more than 85 percent of the foreign exchange earnings, and employs about 80 percent of 
the population (CSA 2004). Despite its high contribution to the overall economy, this sector is challenged 
by many factors, of which climate-related disasters like drought and flood (often causing famine), are the 
major ones (Deressa 2007). Knowledge of the adaptation methods and factors affecting farmers’ choices 
enhances policies directed toward tackling the challenges that climate change is imposing on Ethiopian 
farmers. 

Some attempts have been made to study the impact of climate change on Ethiopian agriculture 
(NMSA 2001; Deressa 2007). NMSA (2001) identified potential adaptation measures for coping with 
adverse impacts of climate change on crop and livestock production, but it failed to indicate the factors 
that dictate the choice of adaptation measures. Deressa (2007) employed the Ricardian approach to 
estimate the monetary impact of climate change on Ethiopian agriculture. Even though, the applied 
approach includes adaptation, it does not identify the determinants of each of the adaptation methods used 
by farmers. Additionally, adaptation to climate change is a two-step process: first, the household must 
perceive that the climate is changing and then respond to changes through adaptation. 

 Until now, no study has attempted to identify the factors that affect households’ choice of 
adaptation methods and perceptions of climate change in Ethiopia. Thus, the objective of this study is to 
identify those factors in order to guide policymakers on ways to promote adaptation. This paper is 
organized as follows: Chapter 2 describes the agriculture sector and climate of Ethiopia. Chapter 3 
discusses the study area and data. Chapter 4 describes the analytical models. Chapter 5 gives model 
results, and Chapter 6 presents the conclusions and policy implications. 
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2.  AGRICULTURE AND CLIMATE IN ETHIOPIA 

Agriculture   
Small-scale, mixed crop and livestock farmers dominate the agricultural sector, which is the mainstay of 
the country’s economy. Based on variations in agroecological settings, five major farming systems exist 
in Ethiopia. These are the highland mixed farming system, the lowland mixed agriculture, the pastoral 
system, shifting cultivation, and commercial agriculture (Befekadu and Berhanu 2000). The highland 
areas constitute about 45 percent of the total crop area, including about four–fifths of the total population 
and supporting about 70 percent of the livestock population of the country. 

Under these diverse farming systems, different varieties of crops and species of livestock are 
produced. The major crops grown include cereals, pulses, oil seeds, spices and herbs, stimulants, fruits, 
sugarcane, fibers, vegetables, and root and tuber crops. The major livestock species raised include cattle, 
sheep, goats, camels, donkeys, horses, mules, poultry, and pigs. Crop production is estimated to 
contribute on average about 60 percent of the total agricultural value, while livestock accounts for about 
27 percent and forestry and other subsectors account for about 13 percent (MEDaC 1999). 

The potential for growing different varieties of crops and keeping different species of livestock 
across the diverse farming systems of Ethiopia is high. For instance, about 73.6 million hectares (66 
percent) of the country’s land area is estimated to be potentially suitable for agricultural production 
(MEDaC 1999). Despite this huge potential, the country has remained unable to feed its people for many 
years due to a number of socioeconomic and environmental constraints. 

The major socioeconomic constraints in crop production include inappropriate polices; declining 
farm size and subsistence farming due to population growth; land degradation due to inappropriate use of 
land, such as cultivation of steep slopes; and over cultivation and overgrazing. Additionally, tenure 
insecurity, weak agricultural research and extension services, lack of agricultural marketing, inadequate 
transport networks, inadequate use of agricultural inputs, and the use of backward technologies are other 
constraints. The major causes of poor production in the livestock subsector include inadequate feed and 
nutrition, low level of veterinary care, occurrence of diseases, poor genetic structure, inadequate budget 
allocation, limited infrastructure, and limited research on livestock. The major environmental problem in 
both crop and livestock production is recurrent droughts, hailstorms, floods, and pest incidence (Befekadu 
and Berhanu 2000).  

The specifically climate-related constraint, recurrent drought, is the most damaging because it has 
made the country dependent on food aid. Thus, future efforts should emphasize increasing understanding 
of the complex interdependence between the climatic conditions and Ethiopian agriculture, in addition to 
addressing the other socioeconomic problems. 

Climate 
The climate of Ethiopia is mainly controlled by the seasonal migration of the Inter-tropical Convergence 
Zone (ITCZ), which follows the position of the sun relative to the earth and the associated atmospheric 
circulation, in conjunction with the complex topography of the country (NMSA 2001). There are different 
ways of classifying the climatic systems of Ethiopia, including the traditional, the Köppen’s, the 
Throthwaite’s, the rainfall regimes, and the agroclimatic zone classification systems (Yohannes 2003). 

The most commonly used classification systems are the traditional and the agroclimatic zones. 
According to the traditional classification system, which mainly relies on altitude and temperature for 
classification, Ethiopia has five climatic zones (Table 1). 
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Table 1. Traditional climatic zones and their physical characteristics 

Zone Altitude 
(meters) Rainfall (mm/year) Average annual 

temperature (oC) 

Wurch(upper highlands) 3200 plus 900 – 2200 >11.5 

Dega(highlands) 2,300 – 3,200 900 – 1,200 17.5/16.0–11.5 

Weynadega(midlands) 1,500 – 2,300 800 – 1,200 20.0–17.5/16.0 

Kola(lowlands) 500 – 1,500 200 – 800 27.5 – 20.0 

Berha(desert) Under 500 Under 200 >27.5 
Source: MoA 2000. 

The agroecological classification method is based on combining growing periods with 
temperature and moisture regimes. According to the agroecological zone classification system, Ethiopia 
has 18 major agroecological zones, which are further subdivided into 49 subagroecological zones (Figure 
1). These agroecologies are also grouped under six major categories (MoA 2000), which include the 
following: 

1. Arid zone: This zone is less productive and pastoral, occupying 53.5 million hectares (31.5 
percent of the country).  

2. Semi-arid: This area is less harsh and occupies 4 million hectares (3.5 percent of the country).  
3. Submoist: This zone occupies 22.2 million hectares (19.7 percent of the country), highly 

threatened by erosion.  
4. Moist: This agroecology covers 28 million hectares (25 percent of the country) of the most 

important agricultural land of the country, and cereals are the dominant crops.  
5. Subhumid and humid: These zones cover 17.5 million hectares (15.5 percent of the country) 

and 4.4 million hectares (4 percent of the country), respectively; they provide the most stable 
and ideal conditions for annual and perennial crops and are home to the remaining forest and 
wildlife, having the most biological diversity.  

6. Per-humid: This zone covers about 1 million hectares (close to 1 percent of the country) and 
is suited for perennial crops and forests.  
Over these diverse agroecological settings, mean annual rainfall and temperature vary widely. 

Mean annual rainfall ranges from about 2,000 millimeters over some pocket areas in the southwest to less 
than 250 millimeters over the Afar lowlands in the northeast and Ogaden in the southeast. Mean annual 
temperature varies from about 100C over the high table lands of the northwest, central, and southeast to 
about 350C on the northeastern edges.  

In addition to variations in different parts of the country, the Ethiopian climate is also 
characterized by a history of climate extremes, such as drought and flood, and increasing and decreasing 
trends in temperature and precipitation, respectively. The history of climate extremes, especially drought, 
is not a new phenomenon in Ethiopia. Recorded history of drought in Ethiopia dates back to 250 BC, and 
since then droughts have occurred in different parts of the country at different times (Webb, von Braun, 
and Yohannes 1992). Even though there has been a long history of drought, studies show that the 
frequency of drought has increased over the past few decades, especially in the lowlands (Lautze et al. 
2003). 
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Figure 1. Agroecological zones of Ethiopia 

 
Source: IFPRI, CSA, and EDRI 2006 

Studies also indicate that mean temperature and precipitation have been changing over time. 
According to NMSA (2001), the average annual minimum temperature over the country has been 
increasing by about 0.25oC every 10 years, while average annual maximum temperature has been 
increasing by about 0.1oC every decade.  Even though the change in precipitation is not as pronounced as 
the change in temperature, there is a decreasing trend (NMSA 2001).  

Knowledge of the climatic conditions of the country and the adaptation options available to 
farmers will assist policy aimed at decreasing vulnerability of farmers to future climate changes. The next 
chapter discusses the data sources, study area, and the methods employed to analyze the determinants of 
farmers’ choice of adaptation methods and perceptions of climate change. 
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3.  STUDY AREA AND DATA 

Study Area 
The study area for this research is the Nile Basin of Ethiopia, which covers a total area of about 358,889 
square kilometers—equivalent to 34 percent of the total geographic area of the country. Moreover, about 
40 percent of the population of Ethiopia lives in this basin. The basin covers six regional states of 
Ethiopia in different proportions: 38 percent of the total land area of Amhara, 24 percent of Oromiya, 15 
percent of Benishangul-Gumuz, 11 percent of Tigray, 7 percent of Gambella, and 5 percent of Southern 
Nations Nationalities and Peoples (SNNP) Regional States (MoWR 1998).  

This basin consists of three major rivers: the Abbay River, which originates in the central 
highlands; Tekeze River, which originates in the northwest; and Baro-Akobo River, which originates in 
the southwestern part of the country. The total annual surface runoff of the three rivers is estimated at 
80.83 billion cubic meters per year, which amounts to nearly 74 of Ethiopia’s 12 river basins (MoWR 
1998). Almost all of the traditional agroecological zones of Ethiopia are also found in the Nile Basin of 
Ethiopia (Figure 2). 

Figure 2. Nile Basin of Ethiopia, its traditional agroecological classifications, and survey districts  

AGR OE C OLOG IE S
Dark grey: Kolla  
White: Woina  Dega
C ross ‐hatch: Dega
B lack: Bereha  

 
 

Data 
The International Food Policy Research Institute (IFPRI) in collaboration with the Ethiopian 
Development Research Institute (EDRI) collected the data for this study. A cross-sectional household 
survey of farmers was conducted during the 2004/05 production year in the Nile Basin of Ethiopia. The 
household survey covered five regional states of Ethiopia, 20 districts, and 1,000 households (Table 2). 
The sample districts were purposely selected to include  different attributes of the basin, including the 
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traditional typology of agroecological zones in the country, the degree of irrigation activity (percent of 
cultivated land), average annual rainfall, rainfall variability, and vulnerability (the food aid-dependent 
population).  

Table 2. Survey districts and peasant associations  

Region Zone Districts Peasant 
associations 

Number of 
households 

Tigray East Tigray Hawzein Selam 50 
   Atsbi Wonberta Felege Woinie 50 
  South Tigray Endamehoni Mehan 50 
Amhara North Gondar Debark Mekara 50 
   Chilga Teber Serako 50 
   Wogera Sak Debir 50 
  South Gondar Libo Kemkem Angot 50 
  East Gojam Bichena Aratband Bichena 50 
  West Gojam Quarit Gebez 50 
Oromiya West Wellega Gimbi Were Sayo 50 
   Haru Genti Abo 50 
  East Shoa Bereh Aleltu Welgewo 50 
  East Shoa Hidabu Abote Sira marase 50 
  East Wellega Limu Areb Gebeya 50 
   Nunu Kumba Bachu 50 
  Jimma Kersa Merewa 50 
Benishangul Gumuz Metekel Wonbera Addis Alem 50 
  Asosa Bambasi Sonka 50 
  Kamashi Sirba Abay Koncho 50 
SNNP  Zone 1 Gesha Daka Kicho 50 
Total    1,000 

Peasant associations (administrative units smaller than districts) were also purposely selected to 
include households that irrigate their farms. One peasant association is selected from every district, 
making a total of 20 each. Once the peasant associations were chosen, 50 farmers were randomly selected 
from each peasant association, making 1,000 the total number of households interviewed.  

The data set collected has 10 major parts, which include household characteristics, incidence of 
different climatic and other shocks over the past five years, food aid, land tenure, machinery ownership, 
rainfed and irrigated agriculture, livestock production, access to credit, market and extension, expenditure 
on food and income, perceptions of climate change, adaptation options, and social capital. 
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4.  ANALYTICAL METHODS 

Two types of analytical models are adopted for this study. The first model analyzes what determinates the 
method farmers choose to adapt to climate change, whereas the second model examines the farmers 
perceptions of and adaptations to climate change in the Nile Basin of Ethiopia. 

Analysis of the Determinants of Farmers’ Choice of Adaptation Methods 

Analytical Framework  

The decision on whether or not to adopt a new technology (an adaptation method in this case) is 
considered under the general framework of utility or profit maximization (Norris and Batie 1987; 
Pryanishnikov and Katarina 2003). It is assumed that economic agents, including smallholder subsistence 
farmers, use adaptation methods only when the perceived utility or net benefit from using such a method 
is significantly greater than is the case without it. Although utility is not directly observed, the actions of 
economic agents are observed through the choices they make. Suppose that Yj and Yk represent a 
household’s utility for two choices, which are denoted by Uj and Uk ,  respectively. The linear random 
utility model could then be specified as:  

 
  ' '

j i j k k i kU X and U Xβ ε β ε= + = +  (1) 

where jU and kU  are perceived utilities of adaptation methods j and k, respectively, Xi is the vector of 
explanatory variables that influence the perceived desirability of the method, Bj and Bk are parameters to 
be estimated, and εj and εk   are error terms assumed to be independently and identically distributed (Green 
2000). 

In the case of climate change adaptation methods, if a household decides to use option j, it 
follows that the perceived utility or benefit from option j is greater than the utility from other options (say 
k) depicted as: 

 
  ' '( ) ( ( ),ij j i j ik k i kU X U X k jβ ε β ε+ > + ≠  (2) 

The probability that a household will use method j among the set of climate change adaptation 
options could then be defined as 

 ikij UUPXYP >== ()|1(   (3) 

 )|0( '' XXXP kikjij >−−+ εβεβ  

 )|0( '' XXXP kjikij >−+− εεββ  

 )(|0( ***
ii XFXXXP βε =>+  

where P is a probability function, Uij, Uik,, and Xi  are as defined above, ε* = εj –εk is a random 
disturbance term, )( ''*

kjj βββ −= is a vector of unknown parameters that can be interpreted as a net 

influence of the vector of independent variables influencing adaptation, and )( *
iXBF  is a cumulative 

distribution function of ε* evaluated at iXB* . The exact distribution of F depends on the distribution of 
the random disturbance term, ε*. Depending on the assumed distribution that the random disturbance term 
follows, several qualitative choice models can be estimated (Green 2000).  
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Empirical Model  

The multinomial logit (MNL) model is used for this analysis. This method can be used to analyze crop 
(Kurukulasuriya and Mendelsohn 2006b) and livestock (Seo and Mendelsohn 2006) choices as methods 
to adapt to the negative impacts of climate change. The advantage of the MNL is that it permits the 
analysis of decisions across more than two categories, allowing the determination of choice probabilities 
for different categories (Madalla 1983; Wooldridge 2002). Moreover, Koch (2007) emphasizes the 
usefulness of this model by describing the ease of interpreting estimates from this model. 

To describe the MNL model, let y  denote a random variable taking on the values }...2,1{ J  
for J , a positive integer, and let x denote a set of conditioning variables. In this case, y  denotes 
adaptation options or categories and x contains household attributes like age, education, income levels, 
and so forth. The question is how cetirus paribus changes in the elements of x affect the response 
probabilities JjxjyP ....,2,1),/( == . Since the probabilities must sum to unity, )/( xjyP =  is 
determined once we know the probabilities for Jj ...,2= .  

Let x be a K×1  vector with first element unity. The MNL model has response probabilities:   

 1
( | ) exp( ) / 1 exp( ), 1,.....

J

j h
h

P y j x x x j Jβ β
=

⎡ ⎤
= = + =⎢ ⎥

⎣ ⎦
∑

  (4) 

where ......1,1 JjKisB j =×   

For this study, the adaptation options or response probabilities are six:  
1. No adaptation  
2. Soil conservation 
3. Use of different crop varieties  
4. Planting trees 
5. Changing planting dates 
6. Irrigation 

Unbiased and consistent parameter estimates of the MNL model in equation (1) require the 
assumption of independence of irrelevant alternatives (IIA) to hold. More specifically, the IIA assumption 
requires that the probability of using a certain adaptation method by a given household needs to be 
independent from the probability of choosing another adaptation method (that is, Pj/Pk is independent of 
the remaining probabilities). The premise of the IIA assumption is the independent and homoscedastic 
disturbance terms of the basic model in equation (1). 

The parameter estimates of the MNL model provide only the direction of the effect of the 
independent variables on the dependent (response) variable, but estimates do not represent either the 
actual magnitude of change nor probabilities. Differentiating equation (1) with respect to the explanatory 
variables provides marginal effects of the explanatory variables given as:  

 

1

1
( )

J
j

j jk j jk
Jk

P
P P

x
β β

−

=

∂
= −

∂ ∑
 

(5) 

The marginal effects or marginal probabilities are functions of the probability itself and measure 
the expected change in probability of a particular choice being made with respect to a unit change in an 
independent variable from the mean (Green 2000; Koch 2007).  
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Model Variables  

Dependent Variables (Adaptation Options)  
The climate change research community has identified different adaptation methods. The adaptation 
methods most commonly cited in literature include the use of new crop varieties and livestock species that 
are more suited to drier conditions, irrigation, crop diversification, mixed crop livestock farming systems, 
change of planting dates, diversification from farm to nonfarm activities, increased use of water and soil 
conservation techniques, changed use of capital and labor, and trees planted for shade and shelter 
(Bradshaw, Dolan, and Smit 2004; Kurukulasuriya and Mendelsohn 2006a; Maddison 2006; Nhemachena 
and Hassan2007).  

The adaptation methods for this study are based on asking farmers about their perceptions of 
climate change and the actions they take to counteract the negative impacts of climate change (Figure 3). 
The adaptation measures that farmers report may be profit driven, rather than climate change driven. 
Despite this missing link, we assume that their actions are driven by climatic factors, as reported by 
farmers themselves in the studies by Maddison (2006) and Nhemachena and Hassan (2007).  

Figure 3. Farmers adapting to climate change 

 

As indicated in Figure 3, use of different crop varieties is the most commonly used method, 
whereas use of irrigation is the adaptation least practiced among the major adaptation methods identified 
in the Nile Basin of Ethiopia. Greater use of different crop varieties as an adaptation method could be 
associated with the lower expense and ease of access by farmers, while the limited use of irrigation could 
be attributed to the need for more capital and low potential for irrigation. Moreover, about 42 percent of 
the surveyed farmers reported not to have taken any adaptation method for a number of reasons, discussed 
below. 

Barriers to Adaptation  
The analysis of barriers to adaptation to climate change in the Nile basin of Ethiopia indicates that there 
are five major constraints to adaptation. These are lack of information, lack of money, shortage of labor, 
shortage of land, and poor potential for irrigation (Figure 4). Most of these constraints are associated with 
poverty. For instance, lack of information on appropriate adaptation options could be attributed to the 
dearth of research on climate change and adaptation options in the country. Lack of money hinders 
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farmers from getting the necessary resources and technologies that facilitate adapting to climate change. 
Adaptation to climate change is costly (Mendelson 2004), and the need for intensive labor use may 
contribute to this cost. Thus, if farmers do not have sufficient family labor or the financial means to hire 
labor, they cannot adapt. Shortage of land has been associated with high population pressure, which 
forces farmers to intensively farm a small plot of land and makes them unable to prevent further damage 
by using practices, such as planting trees that compete for agricultural land. Given the fact that the Nile 
Basin in Ethiopia is very rich in water resources (FAO 1997), poor irrigation potential is most likely 
associated with the inability of farmers to use the water that is already there, due to technological 
incapability. Farmers in Ethiopia in general are very poor and cannot afford to invest in irrigation 
technology to adapt to climate change or sustain their livelihoods during harsh climatic extremes, such as 
drought.  

Figure 4. Barriers to adaptation 
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Independent Variables  

Different household and farm characteristics, infrastructure, and institutional factors influence the use of 
adaptation methods by farmers. The most commonly cited household characteristics include age, 
education, farming experience, marital status, gender of the head of household, and wealth. Farm 
characteristics include farm size, fertility, and slope; institutional factors include access to extension and 
credit; and infrastructure includes distance to input and output markets (Maddison 2006; Nhemachena and 
Hassan 2007).  

The explanatory variables for this study include household characteristics such as education, 
gender, age of the household head, household size, farm and nonfarm income, and livestock ownership; 
institutional factors such as extension services on crop and livestock production, information on climate, 
access to credit, social capital, which includes farmer-to-farmer extension services and the number of 
relatives in the ”got;”1 the local area, and agroecological characteristics such as temperature and rainfall.  

Higher level of education is believed to be associated with access to information on improved 
technologies and higher productivity (Norris and Batie 1987). Evidence from various sources indicates 
                                                      

1  “Got” means “a local place.” 
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that there is a positive relationship between the education level of the household head and the adoption of 
improved technologies (Igoden, Ohoji, and Ekpare 1990; Lin 1991) and adaptation to climate change 
(Maddison 2006). Therefore, farmers with higher levels of education are more likely to adapt better to 
climate change. 

Male-headed households are more likely to get information about new technologies and 
undertake risky businesses than female-headed households (Asfaw and Admassie 2004). Moreover, 
Tenge De Graffe and Heller (2004) argue that having a female head of household may have negative 
effects on the adoption of soil and water conservation measures, because women may have limited access 
to information, land, and other resources due to traditional social barriers. A study by Nhemachena and 
Hassan (2007) finds contrary results, arguing that female-headed households are more likely to take up 
climate change adaptation methods. The authors conclude that women are more likely to adapt because 
they are responsible for much of the agricultural work in the region and therefore have greater experience 
and access to information on various management and farming practices. Thus, the adoptions of new 
technologies or adaptation methods appear to be rather context specific. 

Age of the head of household can be used to capture farming experience. On the one hand, 
studies in Ethiopia have shown a positive relationship between number of years of experience in 
agriculture and the adoption of improved agricultural technologies (Kebede, Kunjal, and Coffin 1990), 
while a study by Shiferaw and Holden (1998) indicates a negative relationship between age and adoption 
of improved soil conservation practices. On the other hand, studies by Maddison (2006) and Nhemachena 
and Hassan (2007) indicate that experience in farming increases the probability of uptake of adaptation 
measures to climate change. This study hypothesizes that experience increases the probability of adapting 
to climate change. 

The influence of household size on use of adaptation methods can be seen from two angles. The 
first assumption is that households with large families may be forced to divert part of the labor force to 
off-farm activities in an attempt to earn income in order to ease the consumption pressure imposed by a 
large family (Yirga 2007). The other assumption is that large family size is normally associated with a 
higher labor endowment, which would enable a household to accomplish various agricultural tasks. For 
instance, Croppenstedt, Demeke, and Meschi (2003) argue that households with a larger pool of labor are 
more likely to adopt agricultural technology and use it more intensively because they have fewer labor 
shortages at peak times. Here it is expected that households with large families are more likely to adapt to 
climate change. 

Farm and nonfarm income and livestock ownership represent wealth. It is regularly hypothesized 
that the adoption of agricultural technologies requires sufficient financial wellbeing (Knowler and 
Bradshaw 2007). Other studies that investigate the impact of income on adoption found a positive 
correlation (Franzel 1999). Higher-income farmers may be less risk averse and have more access to 
information, a lower discount rate, and a longer-term planning horizon (CIMMYT 1993).   

Livestock plays a very important role by serving as a store of value and by providing traction 
(especially oxen) and manure required for soil fertility maintenance (Yirga 2007). Thus, for this study, 
farm and nonfarm income and livestock ownership are hypothesized to increase adaptation to climate 
change. 

Extension on crop and livestock production and information on climate represent access to the 
information required to make the decision to adapt to climate change. Various studies in developing 
countries, including Ethiopia, report a strong positive relationship between access to information and the 
adoption behavior of farmers (Yirga 2007),  and that access to information through extension increases 
the likelihood of adapting to climate change (Maddison 2006; Nhemachena and Hassan 2007). Thus, this 
study also hypothesizes that access to information increases probability of adapting to climate change. 

Availability of credit eases the cash constraints and allows farmers to buy purchased inputs such 
as fertilizer, improved crop varieties, and irrigation facilities. Research on adoption of agricultural 
technologies indicates that there is a positive relationship between the level of adoption and the 
availability of credit (Yirga 2007; Pattanayak et al. 2003). Likewise, this study also hypothesizes that 
there is a positive relationship between availability of credit and adaptation. 
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Social capital is represented by the number of relatives of a household in the local area and 
farmer-to-farmer extension. Informal institutions and private social networks play three distinct roles in 
adoption of agricultural technologies (Hogest 2005, cited in Katungi 2007). First, they act as conduits for 
financial transfers that may relax the farmer’s credit constraints. Second, they act as conduits for 
information about new technology. Third, social networks can facilitate cooperation to overcome 
collective action dilemmas, where the adoption of technologies involves externalities. Isham (2002) 
shows that ethnically based and participatory social affiliations act as forms of social capital in the 
decision to adopt fertilizer. Thus, this study hypothesizes that social capital positively influences 
adaptation to change.  

Studies on adoption of agricultural technologies indicate that farm size has both negative and 
positive effects on adoption, showing that the effect of farm size on technology adoption is inconclusive 
(Bradshaw, Dolan, and Smit 2004). However, because farm size is associated with greater wealth, it is 
hypothesized to increase adaptation to climate change.  

It is hypothesized that as distance to output and input markets increases, adaptation to climate 
change decreases. Proximity to market is an important determinant of adaptation, presumably because the 
market serves as a means of exchanging information with other farmers (Maddison 2006).  

 It is also hypothesized that different households living in different agroecological settings use 
different adaptation methods. This is due to the fact that climatic conditions, soil, and other factors vary 
across different agroecologies, influencing farmers’ perceptions of climate change and their decisions to 
adapt. Detailed analysis of the relationships between climatic variables such as temperature and rainfall 
and choice of adaptation methods requires time series data on how farmers have behaved over time in 
response to changing climatic conditions. As this type of data is not available for this study, it is assumed 
that cross-sectional variations can proxy temporal variations. Thus, the analysis includes controls for 
variations in temperature and rainfall across farm households over the 2004/05 survey period. Table 3 
gives the descriptive statistics of the independent variables hypothesized to affect adaptation measures in 
this study. 

Table 3. Description of the independent variables 

Explanatory variable Mean Std. Dev. Description 

Years of education  1.7035 2.7777 Continuous 

Size of household 6.1493 2.2206 Continuous 

Gender of the head of 
household 

0.8963 0.3051 Dummy, takes the value of 1 if male and 0 
otherwise 

Age of the head of 
household

44.2915 12.6248 Continuous 

Farm income  4374.7610 7018.6360 Continuous 
Nonfarm income 218.2594 790.9987 Continuous 

Livestock ownership 0.9488 0.2205 Dummy takes the value of 1 if owned and 0 
otherwise

Extension on crop and 
livestock 0.5455 0.4982 Dummy, takes the value of 1 if visited and 

0 otherwise  
Information on climate 
change 

0.3731 0.4839 Dummy takes the value of 1 if there is and 
0 otherwise 
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Table 3. Continued 

Explanatory variable Mean Std. Dev. Description 

Farmer-to-farmer 
extension 

0.4833 0.5000 Dummy takes the value of 1 if there is and 
0 otherwise

Credit 0.2191 0.4138 Dummy takes the value of 1 if there is 
access  and 0 otherwise 

Number of relatives in got 13.3725 19.4420 Continuous 

Farm size in hectares 2.02 1.18 Continues  

Distance to output market 
in kilometers  

5.70 4.14 Continues 

Distance to input market in 
kilometers 

5.61 4.22 Continues 

Local agroecology  
kola(lowlands) 

0.25 0.43 Dummy takes the value of 1 if kola and 
zero otherwise. 

Local agroecology 
weynadega(midlands) 

0.50 0.50 Dummy takes the value of 1 if weynadega 
and zero otherwise. 

Local agroecology 
dega(highlands) 

0.25 0.43 Dummy takes the value of 1 if dega and 
zero otherwise. 

Temperature 18.61 1.34 Continuous, annual average over the 2004–
05 survey period 

Precipitation 115.64 35.57 Continuous, annual average over the 2004–
05 survey period 

Analysis of Farmers’ Perceptions of and Adaptation to Climate Change 

Empirical Model 

Adaptation to climate change involves a two-stage process: first, perceiving change and, second, deciding 
whether or not to adapt by taking a particular measure. This leads to a sample selectivity problem, since 
only those who perceive climate change will adapt, whereas we need to make an inference about 
adaptation by the agricultural population in general, which implies the use of Heckman’s sample 
selectivity probit model (Maddison 2006). 

The probit model for sample selection assumes that an underlying relationship exists, the latent 
equation given by   

 
*

1j j jy x uβ= +  , (6) 

such that we observe only the binary outcome given by the probit model as 

 
*( 0)j j

probity y= > . (7) 

The dependent variable is observed only if j is observed if the selection equation  

 2( 0)j j j
selecty z uδ= + >   (8) 

 )1,0(~1 Nu  

 )1,0(~2 Nu  

 ρ=),( 21 uucorr  
where x is a k-vector of regressors, z is an m vector of repressors, u1 and u2 are error terms.  
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When 0ρ ≠ , standard probit techniques applied to equation (6) yield biased results. Thus, the 
Heckman probit (heckprob) provides consistent, asymptotically efficient estimates for all parameters in 
such models (StataCorp 2003). Thus, the Heckman probit selection model is employed to analyze the 
perception and adaptation to climate change in the Nile Basin of Ethiopia. 

Model Variables  

For this study, the first stage of the Heckman probit model considers whether the farmer perceived a 
climate change; this is the selection model. The second-stage model looks at whether the farmer tried to 
adapt to climate change, and it is conditional on the first stage, that is, a perceived change in climate. This 
second stage is the outcome model. The variables hypothesized as affecting perceptions and adaptations 
to changes in climatic conditions, along with their respective dependent variables, are indicated in Table 
4. 

Table 4. Description of model variables for the Heckman probit selection model 

Outcome equation  Selection equation 
Dependent variable  Dependent variable 

Description Farmers 
reported to 

have adapted 
(%) 

 Farmers 
reported not to 
have adapted 

(%) 

Description Farmers 
perceived change 
in temperature/ 

rainfall (%) 

Farmers did not 
perceive change 
in temperature / 

rainfall (%) 
Adaptation to  

climate change 
58            42 Perception of 

climate change 
                 83                  17 

                                        Independent variables                                                 Independent variables  

Description  Mean  
Standard 
deviation Description Mean 

Standard 
deviation 

Education 1.7035 2.7777 Education 1.7035 2.7777 
Size of 
household 6.1493 2.2206 

Age of  
household head 44.2915 12.6248 

Gender 0.8963 0.3051 Farm income 4374.7610 7018.6360 
Nonfarm income 218.2594 790.9987 Nonfarm income 218.2594 790.9987 

Livestock 
ownership 0.9488 0.2205 

Information on 
climate 0.3731 0.4839 

Extension on 
crop & livestock 0.5455 0.4982 

Farmer-to-farmer 
extension 0.4833 0.5000 

Credit 0.2191 0.4138 
Number of local 
relatives  13.3725 19.4420 

Farm size in 
hectares 2.02 1.18 

Local 
agroecology kola 0.25 0.43 

Distance to 
output market 5.70 4.14 

Local 
agroecology dega 0.25 0.43 

Distance to input 
market 5.61 4.22    
Temperature  18.61 1.34    
Precipitation 115.64 35.57    



 

 
 

15

Explanatory Variables for the Selection Equation 

For the selection equation, it is hypothesized that, education, age of the head of household, farm and 
nonfarm income, information on climate, farmer-to-farmer extension, number of relatives in the got and 
agroecological setting influence farmers’ awareness of climate change. More education is believed to be 
associated with access to information on improved technologies and higher productivity (Norris and Batie 
1987); here, it is hypothesized that farmers with a higher level of education will have more information on 
climate change. Age of the head of household is assumed to represent farming experience. More 
experienced farmers are more likely to observe the change in climatic conditions over time.  

Higher income (both farm and nonfarm) is often associated with access to information, lower 
discount rates, and a longer-term planning horizon by farmers (CIMMYT 1993). Therefore, it is 
hypothesized that higher income increases awareness of climate change. Obviously, access to information 
on climate change from either extension agents or any other organization is likely to create awareness of 
climate change. Farmer-to-farmer extension and the number of relatives in the got represent social capital. 
In technology adoption studies, social capital plays a significant role in information sharing (Isham 2002), 
and hence, it is hypothesized that more social capital is associated with greater awareness of climate 
change. Moreover, farmers living in lowland areas are hypothesized to be more likely to have perceived 
climate change than farmers in the midlands and highlands. This is because the lowlands are already 
hotter and a marginal change in temperature can be perceived more easily.  

Explanatory Variables for the Outcome Equation  

The variables hypothesized to influence adaptation include education of the head of household, size of 
household, gender of the head of household, nonfarm income, livestock ownership, extension on crop and 
livestock production, credit, farm size, and distance to input and output markets. The justification for the 
inclusion of these variables along with the hypothesized direction of relationship with adaptation has been 
explained in the first section of this chapter and omitted here to avoid redundancy. 
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5.  MODEL RESULTS AND DISCUSSION 

The Determinants of Farmers’ Choice of Adaptation Methods 
The estimation of the multinomial logit model for this study was undertaken by normalizing one category, 
which is normally referred to as the “reference state,” or the “base category.” In this analysis, the first 
category (no adaptation) is the reference state.  

In the initial run, farm size and distance to input and output markets were added to the model, but 
they were dropped, as they were not significant. Finally, the model was run and tested for the validity of 
the independence of the irrelevant alternatives (IIA) assumptions by using both the Hausman test for IIA 
and the seemingly unrelated postestimation procedure (SUEST)2. Both tests failed to reject the null 
hypothesis of independence of the climate change adaptation options, suggesting that the multinomial 
logit (MNL) specification is appropriate to model climate change adaptation practices of smallholder 
farmers ( 2χ  ranged from –4.63 to 40.73, with probability values ranging from 0.85 to 1.00 in the case of 

the Hausman test and 2χ  ranging from 13.07 to 20.49, with a P value of 0.20 to 0.67 in the case of 
SUEST). The estimated coefficients of the MNL model, along with the levels of significance, are 
presented in Table 5. The likelihood ratio statistics as indicated by 2χ statistics are highly significant (P < 
0.00001), suggesting the model has a strong explanatory power.  

As indicated earlier, the parameter estimates of the MNL model provide only the direction of the 
effect of the independent variables on the dependent (response) variable:  estimates do not represent 
actual magnitude of change or probabilities. Thus, the marginal effects from the MNL, which measure the 
expected change in probability of a particular choice being made with respect to a unit change in an 
independent variable, are reported and discussed. In all cases the estimated coefficients should be 
compared with the base category of no adaptation. Moreover, the MNL is run with and without the 
explanatory variables, such as extension on crop and livestock production and information on climate 
change and credit availability, assuming these variables to be endogenous, as they are in many studies. 
The results indicate that the inclusion of these variables does not significantly change the parameters of 
the estimates (the Hausman test has been employed to compare the models with and without these 
variables).  Table 6 presents the marginal effects along with the levels of statistical significance.  

Household Characteristics 

Education. Education of the head of household increases the probability of adapting to climate change. As 
can be observed in Table 6, education significantly increases soil conservation and changing planting 
dates as an adaptation method. A unit increase in number of years of schooling would result in a 1 percent 
increase in the probability of soil conservation and a 0.6 percent increase in change in planting dates to 
adapt to climate change. Moreover, almost all of the marginal values of education are positive across all 
adaptation options indicating the positive relationship between education and adaptation to climate 
change.  

Household size. For most of the adaptation methods, increasing household size did not 
significantly increase the probability of adaptation, though the coefficient on the adaptation options has a 
positive sign. Even though it is not significant, it can be inferred that the larger the size of the household, 
the better the chance of adapting to climate change.  

Gender of the head of household. The results indicate that male-headed households adapt more 
readily to climate change. Male-headed households were 7.6 percent more likely to plant trees and 2.4 
percent more likely to change planting dates. . 

Age of the household head. Age of the household head, which represents experience, affected 
adaptation to climate change. For instance, a unit increase in age of the household head results in a 9 
percent increase in the probability of soil conservation, a 12 percent increase in changing of crop 
varieties, and a 10 percent increase in tree planting.  
                                                      

2  SUEST is a generalization of the classical Hausman specification test useful for intramodel and cross-model hypothesis 
tests. 
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Table 5. Parameter estimates of the multinomial logit climate change adaptation model 

Explanatory variables Soil Conservation Crop varieties Planting trees Changing planting date Irrigation 
Coefficients. P level Coefficients P level Coefficients. P level Coefficients. P level Coefficients. P level 

Education  0.155*** 0.003 0.115** 0.017 0.139 0.007 0.223 0.000 0.217 0.011 
Household size 0.063 0.270 0.043 0.422 0.074 0.213 -0.113 0.200 0.113 0.275 
Gender of household head 1.545** 0.002 1.238*** 0.003 1.533 0.003 1.265 0.121 1.277 0.133 
Age of household head  0.011 0.294 0.010 0.301 0.042 0.000 0.025 0.095 0.045 0.017 
Farm income 6.84E-05*** 0.004 8.01E-05 0.000 5.00E-07 0.983 0.000109 0.000 9.52E-05 0.002 
Nonfarm income -0.00012 0.621 4.55E-05 0.817 0.000315 0.087 0.000358 0.07 0.000314 0.153 
Livestock ownership 0.632 0.427 -0.166 0.783 0.138 0.833 0.249 0.777 -2.054 0.011 
Extension on crop & livestock 0.765** 0.028 0.987 0.002 1.902 0.000 0.466 0.373 1.380 0.063 
Information on climate change 0.059 0.874 1.032 0.001 0.173 0.604 0.839 0.079 1.246 0.042 
Farmer-to-farmer extension 0.925*** 0.007 1.234 0.000 1.554 0.000 1.323 0.012 1.544 0.011 
Credit availability 1.278*** 0.000 0.487 0.112 0.392 0.231 1.213 0.003 1.942 0.000 
Number of relatives in got 0.008 0.341 0.010 0.220 0.002 0.814 0.013 0.247 0.003 0.803 
Local agroecology  klla -0.055 0.881 -1.774 0.000 -1.758 0.000 -0.976 0.055 -2.622 0.001 
Local agroecology  dega 0.495 0.154 0.352 0.254 -0.353 0.334 0.958 0.093 -0.780 0.253 
Temperature 0.414*** 0.000 0.445 0.000 0.155 0.240 0.490 0.001 0.571 0.003 
Precipitation -0.047*** 0.000 -0.029 0.000 -0.020 0.000 -0.003 0.719 -0.039 0.000 
Constant  -8.064*** 0.000 -8.939 0.000 -7.009 0.008 -15.315 0.000 -13.515 0.000 
Diagnostics  

Base category No adaptation 

Number of observations 803 

LR Chi- Square 648.24*** 

Log likelihood  -901.62 

Pseudo R-Square 0.26 

Notes: ***, **, * = significant at 1%, 5%, and 10% probability level, respectively.
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Table 6. Marginal effects from the multinomial logit climate change adaptation model  

Explanatory 
variables 

Soil Conservation Crop varieties Planting trees Changing planting date Irrigation No adaptation 

Coeff.. P-level Coeffi. P-level Coeff. P-level Coeffi. P-level Coeffi. P-level Coeff. P-level 

Education  0.010* 0.066 0.007 0.321 0.008 0.144 0.006** 0.013 0.002 0.123 -0.034*** 0.000 

Household size 0.005 0.412 0.004 0.647 0.007 0.293 -0.006* 0.074 0.001 0.385 -0.011 0.291 

Gender of 
household head 

0.088*** 0.004 0.116** 0.019 0.096*** 0.005 0.022 0.304 0.008 0.346 -0.330*** 0.000 

Age of 
household head  

-0.0001 0.9010 -0.0006 0.6990 0.0046*** 0.000 0.001 0.350 0.0006* 0.0880 -0.0050*** 0.0080 

Farm income 4.46E-06* 0.0720 1.09E-05*** 0.0000 -5.44E-6** 0.0400 3.36E-06*** 0.000 1.00E-06** 0.0490 -1.4E-05*** 0.0000 

Nonfarm income -2.5E-05 0.2940 -4.84E-06 0.8650 3.83E-05** 0.0310 1.34E-05** 0.049 4.22E-06 0.1810 -2.6E-05 0.5220 

Livestock 
ownership 

0.070 0.184 -0.030 0.781 0.027 0.6930 0.012 0.670 -0.099 0.155 0.020 0.855 

Extension on 
crop & livestock 

0.011 0.743 0.072 0.129 0.181*** 0.000 -0.009 0.659 0.011 0.318 -0.266*** 0.000 

Information on 
climate change 

-0.042 0.201 0.176*** 0.001 -0.031 0.346 0.022 0.306 0.017 0.201 -0.142** 0.021 

Farmer-to- 
farmer extension 

0.021 0.525 0.113** 0.017 0.120*** 0.002 0.025 0.256 0.013 0.204 -0.291*** 0.000 

Credit 
availability 

0.129*** 0.002 -0.008 0.848 -0.019 0.564 0.038* 0.099 0.038** 0.039 -0.178*** 0.000 

Number of 
relatives in got 0.0005 0.483 0.001 0.192 -0.0004 0.640 0.0004 0.353 -2.7E-05 0.860 -0.002 0.317 

Local agro- 
ecology kola 

0.089* 0.055 -0.210*** 0.000 -0.128*** 0.000 -0.013 0.439 -0.023** 0.014 0.285*** 0.000 

Local agro- 
ecology  Dega 

0.050 0.208 0.049 0.320 -0.069** 0.036 0.045 0.181 -0.013 0.117 -0.062 0.316 

Temperature 0.026** 0.011 0.055*** 0.001 -0.011 0.475 0.012** 0.035 0.006* 0.077 -0.089*** 0.000 

Precipitation -0.004** 0.000 -0.003*** 0.000 -0.0004 0.394 0.001** 0.020 -0.0004** 0.020 0.007*** 0.000 

Notes: ***, **, * = significant at 1%, 5%, and 10% probability level, respectively. 
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Wealth 

Farm income. The farm income of the households surveyed has a positive and significant impact on 
conserving soil, using different crop varieties, and changing planting dates. A unit increase in farm 
income increases these probabilities by less than 0.01 percent. 

Nonfarm income. In addition to farm income, nonfarm income also significantly increases the 
likelihood of planting trees, changing planting dates, and using irrigation as adaptation options. A unit 
increase in nonfarm income increases the probability of planting tress and changing planting dates by 
0.004 and 0.001 percent, respectively. Nonfarm income showed a negative relationship with the adoption 
of soil conservation practices and the use of different crop varieties, although these results are not 
statistically significant. 

Livestock ownership. The ownership of livestock is also positively related to most of the 
adaptation options, even though the marginal impacts are not significant. It is positively related to the 
adoption of adaptation methods such as conserving soil, planting trees, and changing planting dates. 
Livestock ownership is negatively related to the use of different crop varieties and irrigation, although not 
significantly. 

Institutional Factors 

Crop and livestock extension. As expected, access to crop and livestock extension has a positive and 
significant impact on planting trees. Having access to crop and livestock production increases the 
probability of planting trees by 18 percent. Planting trees counteracts different types of environmental 
damage and provides shade for livestock.  

Information on climate change. Information on temperature and rainfall has a significant and 
positive impact on the likelihood of using different crop varieties: it increases the likelihood of using 
different crop varieties by 17.6 percent. 

Access to credit. Access to credit has a positive and significant impact on the likelihood of using 
soil conservation, changing planting dates, and using irrigation. This result implies the important role of 
increased institutional support in promoting the use of adaptation options to reduce the negative impact of 
climate change 

Social Capital  

Farmer-to-farmer extension. Having access to farmer-to-farmer extension increases the likelihood of 
using different crop varieties by 11.3 percent and planting trees by 12 percent. It also appears to increase 
the use of the other adaptation methods, although the results are not statistically significant. 

Number of relatives. Having more relatives in the got is also positively related to the likelihood of 
adoption of most of the adaptation methods, although the coefficients are not statistically significant. The 
implication of this result is that social networks increase awareness and use of climate change adaptation 
options. 

Environmental factors 

Agroecological setting. As expected, different farmers living in different agroecological settings employ 
different adaptation methods. For instance, farming in the kola zone significantly increases the probability 
of soil conservation by 8.9 percent, compared with farming in weynadega. However, farming in kola 
significantly reduces the probability of using different crop varieties, planting trees, and irrigation by 21, 
13 and 2.3 percent, respectively, compared with farming in weynadega. Moreover, farming in dega 
significantly decreases the probability of planting trees by 7 percent, compared with farming in 
weynadega.  

Temperature. Households with higher annual mean temperature over the survey period were 
more likely to adapt to climate change through the adoption of different practices. A rise in temperature 
one degree higher than the mean increases the probability of using soil conservation (2.6 percent), 
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different crop varieties (5.5 percent),  irrigation (0.6 percent), and changing planting dates (1.2 percent). 
These results indicate that, with more warming, farmers will conserve soil to preserve the moisture 
content and use drought-tolerant varieties to cope with increased temperature. Moreover, farmers will 
vary planting dates so that critical crop growth stages do not coincide with peak temperature periods, and 
they will irrigate to supplement rain water and to compensate for loss of water associated with increased 
evapo-transpiration due to increased temperature.  

Precipitation. Unlike rising temperatures, higher levels of precipitation over the survey period 
appear to work in the opposite direction with regard to the likelihood of adoption of adaptation 
techniques. This indicates that increasing precipitation relaxes the constraints imposed by increased 
temperature on soil moisture content and thus crop growth. Conversely, the results of this analysis 
reconfirm that decreasing precipitation significantly increases the likelihood of using soil conservation, 
changing crop varieties, changing planting dates, and irrigating.  

Analysis of Farmers’ Perceptions of and Adaptation to Climate Change 

Farmer’s Perceptions of Climate Change 

The analysis of farmers’ perceptions of climate change indicates that most of the farmers in this study are 
aware of the fact that temperature is increasing and the level of precipitation is declining (Figure 5). To 
get information on their perceptions of climate change, farmers were asked if they have observed any 
change in temperature or the amount of rainfall over the past 20 years. (To clarify, farmers were also 
asked whether the number of hot or rainy days had increased, decreased, or stayed the same over the past 
20 years.) The responses from the farmers are in line with the report by the National Meteorological 
Services Agency (NMSA 2001), which depicted an increasing trend in temperature and decreasing trend 
in precipitation. 

Figure 5. Farmers’ perceptions of climate change 
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Perceptions and Adaptation to Climate Change   

Although the majority of the farmers interviewed claimed that they had perceived at least one change in 
climatic attributes, some of these farmers did not respond by taking adaptation measures. Here it is argued 
that farmers who perceived climate change but did not adapt had some common characteristics. 
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Examining these characteristics could improve our understanding of the reasons underlying their failure 
to respond to perceived climate changes, based on the results of the Heckman probit model.  

Regression Results  

When the Heckman probit model was run and tested for its appropriateness over the standard probit 
model, the results indicated the presence of a sample selection problem (dependence of the error terms 
from the outcome and selection models), justifying the use of the Heckman probit model with rho 
significantly different from zero (Wald 2χ  = 10.84, with p =0.001). Moreover, the likelihood function of 

the Heckman probit model was significant (Wald 2χ = 86.45, with p < 0.0000), showing the strong 
explanatory power of the model.  

The results from the regression indicate that most of the explanatory variables affect the 
probability of adaptation as expected, except farm size. Variables that positively and significantly 
influence adaptation to climate change include education of the head of household, household size, and 
gender of the head of household, livestock ownership, extension on crop and livestock production, and 
availability of credit and temperature. A one- year increase in the education of the head of household 
raises the probability of adaptation to climate change by 1.9 percent. Similarly, increasing the size of the 
household by one person increases the probability of adaptation to climate change by 1.8 percent. This 
result is in line with the argument assuming that large family size is normally associated with a higher 
labor endowment, which would enable a household to accomplish various agricultural tasks, especially 
during peak seasons (Croppenstedt et al. 2003).  

Male-headed households are 18 percent more likely to adapt to climate change. This result is in 
line with the argument that male-headed households are often considered to be more likely to get 
information about new technologies and take on risk than female-headed households (Asfaw and 
Admassie 2004). Likewise, increasing livestock ownership, providing extension on crop and livestock 
production and access to credit, and increasing temperature by one degree increases the probability of 
adapting to climate change by 31, 30, 13 and 5.5 percent, respectively. The fact that adaptation to climate 
change increases with higher temperatures is in line with the expectation that increasing temperature is 
damaging to African agriculture and farmers respond to this through the adoption of different adaptation 
methods (Kurukulasuriya and  Mendelsohn  2006).  

Farm size and annual average precipitation are negatively related to adaptation. The probable 
reason for the negative relationship between adaptation and farm size could be because adaptation is plot 
specific. This means that it is not the size of the farm, but the specific characteristics of the farm that 
dictate the need for a specific method of adapting to climate change. Thus, future research, which 
accounts for farm characteristics, could reveal more information about factors dictating adaptation to 
climate change at farm or plot levels. Moreover, the probable reason for the negative relationship between 
average annual precipitation and adaptation could be due to the fact that, like any African country, 
Ethiopia’s agriculture is water- scarce, and higher levels of precipitation, therefore, will not constrain 
agricultural production and promote the need to adapt (at least using the main adaptation options 
considered in this study).  

As expected, the likelihood of perceiving climate change is positively related to age, farm 
income, and information on climate, farmer-to-farmer extension, and the number of relatives in got. 
Increasing the age of the household head by one year increases the probability of perceiving a change in 
climate by 0.4 percent, whereas increasing farm income by one unit increases perception by 0.13 percent. 
Likewise, factors that are believed to create awareness of climate change, such as access to information 
on climate change, access to farmer-to-farmer extension, and number of relatives in the got, increase the 
likelihood of adaptation by 8.0, 15.5, and 0.3 percent, respectively.  

Contrary to prior expectations, farmers living in dega (highlands) were 15.5 percent more likely 
to perceive changes in climate than farmers in weynadega. The model results along with the marginal 
impacts for both the outcome and selection models are presented in Table 7. 
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Table 7. Results of the Heckman probit selection model  

 Adaptation model Selection model 

Explanatory variables 
Regression  Marginal impacts  Regression Marginal values 

Coefficients P level Coefficients P level Coefficients P level Coefficients P level 
Education  0.061** 0.017 0.019** 0.017  0.021      0.393 0.005 0.388 
Household size 0.058* 0.053 0.018* 0.051         
Gender of household head 0.580*** 0.010 0.177** 0.012         
Age of household head          0.018*** 0.000 0.004*** 0.000 
Farm income         5.66E-05*** 0.000 0.000013*** 0.000 
Nonfarm income 0.000149 0.143 4.55E-05 0.144 -1.1E-05 0.911 -2.54E-06             0.911 
Livestock ownership 1.012*** 0.003 0.309*** 0.004         
Extension on crop & livestock 1.024*** 0.000 0.303*** 0.000         
Information on climate change         0.372** 0.014 0.080*** 0.009 
Farmer-to-farmer extension         0.707*** 0.000 0.155*** 0.000 
Credit availability 0.479*** 0.003 0.131*** 0.001      
Number of relatives in got         0.011** 0.038 0.003**            0.035 
Farm size in hectares -0.140** 0.011 -0.043** 0.013         
Distance to output market -0.053 0.310 -0.016 0.310         
Distance to input market 0.075 0.143 0.023 0.141         
Local agroecology kola         0.047 0.761 0.011 0.757 
Local agroecology dega         0.849*** 0.000 0.155*** 0.000 
Temperature 0.178*** 0.000 0.055*** 0.000         
Precipitation -0.012*** 0.000 -0.004*** 0.000         
Constant -3.670 0.000     0.821***       0.001     
Total observations 608 
Censored  126 

Uncensored 482 

Wald Chi square (Zero slopes) 86.45*** 

Wald Chi square  10.84 *** 

Notes: ***, **, * = Significant at 1%, 5%, and 10% probability levels, respectively 
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6.  CONCLUSIONS AND POLICY IMPLICATIONS 

Farmers adapted to climate change by using different methods, of which the major ones are included in 
this study. Those who did not use any of the methods considered described lack of information on 
adaptation methods and lack of money as major constraints to adaptation. The study uses the multinomial 
logit (MNL) model to investigate the factors guiding household choices of climate change adaptation 
methods. In the model, the dependent variables include six adaptation options and the explanatory 
variables include different household, institutional, and social factors. The MNL was run and tested for 
the assumption of the independence of irrelevant alternatives (IIA) There was no evidence that this 
assumption was violated when the Heckman and the seemingly unrelated post-estimation procedures 
(SUEST) were run, justifying the application of the MNL specification to the data.  

The marginal effects from the MNL, which measure the expected change in probability of a 
particular choice being made with respect to a unit change in an independent variable, were presented for 
their ease of interpretation. The results from the marginal analysis indicate that most of the household 
variables, wealth attributes, institutional factors (availability of information), social capital, 
agroecological features, and temperature influence adaptation to climate change in the Nile Basin of 
Ethiopia. 

The analysis of farmers’ perceptions of climate change indicates that most of the farmers in the 
study are aware that temperature is increasing and the level of precipitation is declining. The Heckman 
probit selection model is employed to analyze the two-stage process of adaptation—perceiving changes in 
climate conditions in the first stage and then adapting to perceived climate changes in the second stage. 
The results further indicate that age of the household head, wealth, information on climate change, and 
social capital positively influence farmers’ perceptions of changes in climatic attributes, while factors 
affecting adaptation are similar to and support the results of the choice model employed earlier. 
Moreover, farmers living in dega (highlands) places perceived more changes in climate. 

These analyses of the constraints to adaptation and the factors that influence farmers’ perceptions 
of and adaptation to climate change in the Nile Basin of Ethiopia suggest a number of different policy 
options. These options include raising awareness of climate change and the appropriate adaptation 
methods, facilitating the availability of credit, investing in yield-increasing technology packages to 
increase farm income, creating opportunities for off-farm employment, conducting research on use of new 
crop varieties and livestock species that are better suited to drier conditions, encouraging informal social 
networks, and investing in irrigation.  
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