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The Stock Exchange of Mauritius (SEM) has been in operation for more than 15 years.  
As at December 2004, there were 40 companies listed on the official market. The 
main objectives of this study were to analyse the risk return characteristics of all the 
companies listed on the SEM in terms of both total risk and systematic risk; to estimate 
time-varying betas; to investigate the existence of the size and book-to-market equity 
effects on the SEM and finally to augment the Fama and French (1993) three-factor 
model, by taking into account the time variation in betas. The period of study was 
January 1997 to June 2003 and using monthly returns.

The study found out that CAPM stationary betas are different from betas corrected 
for thin trading. It is therefore crucial to take thin trading into account when estimating 
systematic risk for markets characterized by thin trading. Time-varying betas are 
different from stationary betas and the result supports the hypothesis that the SEM 
behaves like a small market capitalization index. The Fama and French three-factor 
model holds for the SEM. In other words, both a size effect and a book-to-market equity 
effect are present on the SEM.  The augmented Fama and French model shows that the 
time variation in betas is priced, but the size and book-to-market equity effects are still 
statistically significant. The FF model is therefore robust after taking into account the 
time-variation in beta. However, the results might be sample specific. The test must 
be extended across other stock exchanges.

Abstract
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1.  Introduction

The Stock Exchange of Mauritius has been in operation for more than 15  
years.  As at December 2004, there were 40 companies listed on the official  
market with a market capitalization of approximately 67 billion rupees1 and on 

the Over The Counter (OTC) market there were 78 companies.  Trading on the official 
market started in July 1989, with five listed companies and a market capitalization of 
1.4 billion rupees.  Summary statistics on the official market are given in Table 1. The 
trading frequency on the official market has increased progressively from twice weekly 
to three times weekly in January 1994 before moving to daily trading in November 
1997.  The stock exchange is run and managed by the Stock Exchange of Mauritius 
(SEM) Limited and is supervised and regulated by the Financial Services Commission 
under the Stock Exchange Act 1988.  Semdex is the index of all listed ordinary shares 
and it is a value-weighted index.

Companies listed on the exchange are classified into seven main categories: Banks, 
insurance and other finance, industry, investments, sugar, commerce, leisure & hotels 
and transport. The rate of corporate tax paid by listed companies is 25 per cent instead 
of the normal 35 per cent. Firms that qualify for tax incentives pay 15 per cent.2  There 
are 11 stockbroking companies in operation while trading on the exchange is done 
by an order-driven system. Orders by clients can be “at best”, “limit” or “stop”. The 
brokerage fee claimed by stockbroking companies varies from 0.50% to 0.75%. A 
Central Depository and Settlement (CDS) system is operational since January 1997 
to speed up share transfer and settlement operations.  Listing rules are being revised 
and harmonized with those of countries in the South African Development Community 
(SADC). The International Finance Corporation clasifies the SEM as a frontier market 
and within a broader definition as an emerging market.

There has been a significant increase and an impressive rate of growth in market 
capitalization over the past 15 years but in the past three years, no additional listing has 
been done. Despite a modest increase in the turnover ratio, the market is characterized 
by low levels of trading activity. The same situation is observed in other emerging 
markets in Africa (see Appendix 3). Unfortunately, information on P/E ratios and 
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dividend yield is either not available or not computed on a regular basis for the African 
markets of relevance to the Stock Exchange of Mauritius. The P/E ratio for the SEM 
is relatively low and given that the SEM is by international standards a small market 
captilization, the P/E anomaly may be present. But this hypothesis remains to be 
tested.

Given the government’s objective of making the financial sector another pillar 
of the economy (in addition to sugar and by-products, manufacturing, tourism and 
information technology), it is opportune to have an in-depth study of risk return 
characteristics on the market.

The main objectives of the study are:
1. To analyse the risk return characteristics of all the companies listed on the Stock 

Exchange of Mauritius in terms of both total risk and systematic risk.  In the 
estimation of systematic risk we will also take into account thin trading. 

2. To estimate time-varying betas.
3. To investigate the existence of the size and book-to-market equity effects on 

the Stock Exchange of Mauritius.
4. To attempt an augmentation of the Fama and French (1993) three-factor model, 

by taking into account the time variation in betas3.

The hypotheses of the study are that: First, unadjusted betas are different from 
those corrected for thin trading. Second, betas are not stable over the sample period 
(January 1997 to June 2003). Third, there is a size effect and a book-to-market equity 

h
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effect on the SEM.  In other words, there is support for the Fama and French (1993) 
three-factor model. Lastly, when the time variation in betas is taken into account, both 
the size effect and the book-to-market equity effect become statistically insignificant 
in the Fama and French model. 

The rest of the study is structured as follows. Section 2 examines relevant literature 
while Section 3 presents the data and methodology before the results are analysed in 
Section 4. Section 5 concludes while Section 6 gives direction on further research. 

h
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The Capital Asset Pricing Model (CAPM) by Sharpe (1964) and Lintner (1965)  
expresses expected return on an asset as the sum of the return on the risk-free  
asset and expected premium for risk, where the risk premium is a function of 

the asset covariance with the market return (beta).

E(Ri,t) =  Rf +ßi (E [(Rm,t) - Rf)])   (1)

The risk of a stock can be decomposed into two components. The first component 
is the systematic risk (beta), which is related to the overall market and the second 
component is non-systematic risk, which is specific to the individual stock. The 
fundamental premise of the CAPM is that the market will reward only the holding of 
systematic risk as the unsystematic risk can be diversified away by holding a diversified 
portfolio of assets. Unfortunately, financial managers cannot directly observe beta 
but must estimate it. To estimate the beta of a firm, a time-series regression is used 
and requires the financial manager to select both a return interval and an estimation 
period. 

It is important to have great precision in the individual estimate of beta as large 
standard errors of the estimated beta not only make the estimate not so reliable but 
also increase uncertainty about the computation of the cost of equity of a firm and 
this could have unintended consequences on capital budgeting decisions of firms and 
broader implications at the macro-economic level. The 1997/98 Asian crisis is a case 
in point, where asset values collapsed in general. Among the reasons was a wrong 
assessment of the fundamentals, including risk (Krugman, 1998). 

However, researchers are confronted with an important dilemma when estimating 
beta: The more the observations used to estimate beta, the smaller the standard error. 
This improves the precision of the beta estimate but over a long period, many firms 
usually see a change in their structural characteristics, which changes the firm’s 
systematic risk. Thus, if beta is not stationary, longer estimation periods may lead to 

2.  Literature review
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biased estimates of beta. Longer estimation periods therefore appear to give a slightly 
more precise estimate of beta only if the firm’s fundamental structure does not change  
but this is seldom the case. 

Regarding beta estimation periods, a body of research concludes that the optimal 
estimation period ranges from four to nine years. For instance, Daves et al. (2000) 
show that an estimation period of three years captures most of the maximum reduction 
in the standard error of the estimated beta, when calculating beta from a one-year 
estimation period to an eight-year estimation period. Additionally, less than 50% of 
the firms experience a significant shift in beta over a three-year period. Many studies 
(see for example Fama and French, 1996) use an estimation period of 60 months when  
employing monthly returns. 

Also considered is the time interval over which the return is measured. Most studies 
use daily, weekly and monthly return (see for example, Alexander and Chervany, 1980;  
Smith,1980). However, for the Stock Exchange of Mauritius, we will avoid using 
daily return because of thin trading as this will have the effect of producing many 
zero returns in the return series.

There is also a body of evidence4 showing that equity beta coefficients are not stable 
over time.  Fabozzi and Francis (1978) classify the factors that can lead to time-varying 
betas under four main categories: (1) Changes in microeconomic variables such as 
changes in the product, in the company’s leverage, in the dividend policy and due to 
revised expectations by management; (2) Macroeconomic influences such as two-digit 
inflation, changes in price regulations, changes in the business cycle; (3) Political factors 
such as wars, changes in labour legislation, pollution control legislation, elections etc; 
and (4) Market factors such as bull and bear markets, increased dis-intermediation, 
credit squeeze, two-tier markets etc. In sum, there could be diverse quantifiable and 
qualitative variables, which can lead to time-variation in beta.

The non-stationarity of beta has implications for event studies and tests of market 
overreaction that rely on the assumption of a stationary beta. As mentioned before, it 
also has implications for calculating the cost of equity and for capital budgeting.

Schwert and Seguin (1990) propose and estimate a single factor market model of  
portfolio returns, which incorporates the estimation of the time-varying component 
of beta. The Schwert-Seguin (1990) model is derived as follows:
The market model is:

  Ri,t =  αi + βi Rm,t + ei,t (2)

Schwert and Seguin use a heteroscedastic market model showing that betas will 
vary with the level of aggregate market volatility as follows:

βi,t     =        βi +    δi         (3)             

          σ2
m,t

where βi
5 is a constant and the time-varying component is given by δi/σ

2
m,t . Substitution 

of (3) into (2) yields the Schwert-Seguin (SS) market model, as follows:
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Ri,t =  αi + βi Rm,t +δi
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 where  Ri,t    = return on share i at time t

      Rm,t  = market return at time t

      σ2
m,t  =  the conditional market volatility

         ei,t  = the error term

             α, β, δ  =  are coefficients

The conditional market volatility is estimated using a GARCH (1,1) model. The 
least squares estimate of δi is negative for the small-firm portfolio and it is positive 
for the large-firm portfolios. 

As market volatility increases, the systematic risk of small firms increases at a 
faster rate than those of large firms, given that small firms are less diversified and more 
vulnerable to shocks. Therefore, the spread between the systematic risk of small and 
large firms is larger during periods of high aggregate market volatility. The Schwert 
and Seguin results show that the small-firm portfolio variances are four times more 
sensitive to market volatility changes than the large-firm portfolio variances. 

Koutmos, Lee and Theodossiou (1994) extend the study of time-varying betas by 
applying the SS model to the stock market indexes of 10 international stock markets. 
They find that markets with high volatility persistence possess higher systematic 
risk during periods of high world market volatility. They find an inverse relationship 
between world market volatility and systematic risk of the large capitalization markets 
of Japan and the United States. On the other hand, they report that the systematic risk 
of the smaller capitalization markets like Australia, Germany and Switzerland tended 
to increase when world market volatility increased. Beta is, therefore, time varying 
and markets with small capitalization record higher systematic risk with increases in 
market volatility.

Episcopos (1996) applied the SS market model to a sample of 11 industry stock 
indexes from the Toronto Stock Exchange (TSE). Time-varying betas are computed 
for the industry indexes as a function of market volatility. The results confirm that 
the spread between the betas of the safe (large market capitalization) and risky (small 
market capitalization) sub-index portfolios increase during periods of increased 
aggregate market volatility on the TSE.  He also finds that the difference between 
the conventional betas estimates and the time-varying betas can be considerable. 
The author reports a positive relationship between the systematic risk of the industry 
indexes representing small market capitalization firms and the volatility of the TSE 
composite index. His findings support the hypothesis that market volatility affects 
safer and riskier stocks differently.

Reyes (1999) examines the relationship between firm size and time-varying betas of 
UK stocks. His results show that the time-varying coefficient is of the expected signs 
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(positive for large firms and negative for small firms) but not statistically significant for 
both small and large firms. This finding differs from Schwert and Seguin who found 
significant negative time-varying coefficient estimates for small firms and positive 
estimates for large firms. However, the author admits that Schwert and Seguin use 
size-ranked portfolios and a much longer sample period, which increases the power of 
their tests. He reports that accounting for Garch effects in the Schwert-Seguin market 
model yields beta estimates that are markedly different from those when conditional 
heteroscedasticity is ignored. He cautions about the use of stationary betas for event 
studies.

Grieb and Reyes (2001) apply the SS market model to examine the relationship 
between market capitalization and time-varying betas for a sample of Brazilian stocks 
during the period 1989-1995. Their results show that the systematic risk of Brazilian 
stocks tends to increase as aggregate market volatility increases. Out of the 38 stocks 
examined, 32 have negative δ estimates and only 16 stocks had δs’ significant at the 
10% level. Their results suggest that the Brazilian stock market behaves like a small 
capitalization market. They argue that ignoring the observed time-variation in betas 
may result in the underestimation of the systematic risk of small firms’ stocks. 

The Fama and French (1993) three-factor asset pricing model was developed as a 
result of increasing empirical evidence that the Capital Asset Pricing Model performed 
poorly in explaining realised returns. In fact, the Fama and French (1993) three-factor 
model is an offshoot of the Fama and French (1992) study where the joint roles of 
market beta, size, earnings/price (E/P) ratio, leverage and book-to-market equity ratio 
were investigated in the cross-section of average stock returns for NYSE, Amex and 
NASDAQ stocks over the period 1963-1990. In that study, the authors find that beta has 
almost no explanatory power. On the other hand, when used alone, size, E/P, leverage 
and book-to-market equity have significant power in explaining the cross-section 
of average returns. When used jointly however, size and book-to-market equity are 
significant and they seem to absorb the effects of leverage and E/P in explaining the 
cross section average stock returns. Fama and French (1992), therefore, argued that if 
stocks are priced rationally, risks must be multidimensional. 

Fama and French (1993) extend the Fama and French (1992) study by using a 
time-series regression approach. The analysis was extended to both stocks and bonds. 
Monthly returns on stocks and bonds were regressed on five factors: Returns on a market 
portfolio, a portfolio for size and a portfolio for the book-to-market equity effect, a 
term premium and a default premium. For stocks, the first three factors were found to 
be significant and for bonds, the last two factors. As a result, Fama and French (1993) 
construct a three-factor asset pricing model for stocks that includes the conventional 
market (beta) factor and two additional risk factors related to size and book-to-market 
equity. They find that this expanded model captures much of the cross-section of 
average returns amongst US stocks. 

The model says that the expected return on a portfolio in excess of the risk-free rate 
is explained by the sensitivity of its return to three factors: (i) the excess return on a 
broad market portfolio; (ii) the difference between the return on a portfolio of small 
stocks and the return on a portfolio of large stocks (SMB); and, (iii) the difference 
between the return on a portfolio of high-book-to-market stocks and the return on a 
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portfolio of low book-to- market stocks (HML). The model is as follows:

(Rpt) = Rf + ßp[(Rmt) - Rf ] + sp(SMB) + hp(HML) + εpt   (5)

where: (Rpt) is the weighted return on portfolio p in period t.

Rf is the risk-free rate; 

ßp is the coefficient loading for the excess return of the market portfolio over the 
risk-free rate; 

sp is the coefficient loading for the excess average return of portfolios with small 
equity class over portfolios of big equity class.

hp is the coefficient loading for the excess average returns of portfolios with high     
book-to-market equity class over those with low book-to-market equity class.

εpt is the error term for portfolio p at time t.
It can be seen that the Fama and French three-factor model is more like an extension 

of the CAPM. It includes the two factors identified by Fama and French (1992), firm size 
and book-to-market equity (BE/ME), in addition to the market factor. In fact, the model 
augments the CAPM model by the size effect and the book-to- market equity effect. The 
small-firm effect is one of the most extensively studied anomalies in finance. The classic 
studies of the small-firm premium are those of Banz (1981) and Reinganum (1983). 
The size effect is the empirical regularity that firms with small market capitalization 
exhibit returns that on average significantly exceed those of large firms. Researchers 
have suggested the following possible explanations for the size effect. Small firms’ 
stocks are more illiquid and trading in them attract greater transaction costs. There is 
also less information available about small firms and therefore the cost of monitoring 
a portfolio of small stocks will generally be greater than that of a portfolio of large 
firms, and also given that small shares trade less frequently, their beta estimates might 
be less reliable. However, all these remain hypothetical explanations for the size effect 
as there is no rigorous theory explaining convincingly why the size effect should be 
present. The book-to-market equity effect shows that average returns are greater the 
higher the book value to market-value ratio (BE/ME) and vice versa. It is also referred 
to as the value premium. The high book value firms are underpriced by the market and 
are therefore a good buy and hold targets as their price will rise later. This anomaly 
undermines the semi-strong form efficiency of the market. These two variables explain 
average return differences across portfolios that cannot be accounted for by beta.

In an attempt to identify the source of these additional risk factors, Fama and French 
(1995) explore the relationship between risk factors and profitability. They find that 
high book-to-market equity (BE/ME) firms tend to be persistently distressed and low 
BE/ME firms are associated with sustained profitability. The returns to holders of high 
BE/ME stocks are therefore a compensation for holding less profitable and riskier 
stocks. They show that book-to-market equity and slopes on HML in the three-factor 
model proxy for relative distress. Weak firms with persistently low earnings tend to 
have high BE/ME and positive slopes on HML; strong firms with high earnings have 
low BE/ME and negative slopes on HML.
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Similarly, Chan and Chen (1988) posit that small and large firms have different 
risk and return characteristics. Small firms on the New York Stock Exchange are firms 
that have not been doing well, are less efficiently managed and are highly leveraged. 
As a result small firms tend to be riskier than large firms and that risk is not captured 
by the market index. After introducing multiple risk exposures to the market index; 
a leverage index and a dividend-decrease index to mimic the marginal firms, the size 
effect loses its explanatory power. Risk exposures to these indexes are as powerful as 
size in explaining average returns of size-ranked portfolios.

However, Kothari et al. (1995) argue that a substantial part of the premium is 
due to “survivor bias”, the data source for book equity contains a disproportionate 
number of high-BE/ME firms that survive distress, so the average return for high-BE/
ME firms is overstated. But a number of papers have weakened and even dismissed 
this survivorship-bias argument. For instance, Lakonishok et al. (1994) find a strong 
positive relation between average return and BE/ME for the largest 20 per cent of 
NYSE-Amex stocks, where survivor bias is not an issue. Similarly, Fama and French 
(1993) find that the relation between BE/ME and average return is strong for value-
weight portfolios. As value-weight portfolios give most weight to larger stocks, any 
survivor bias in these portfolios is trivial.

Another argument is that the results of Fama and French (1993) are due to data 
snooping, where researchers fixation to search for variables that are related to average 
return, will find variables, but only in the sample used to identify them (MacKinlay, 
1995). This criticism of the three-factor model also does not hold. Since the Fama 
and French (1993) study, there are many studies using different sample periods on 
US data and samples in different countries confirming the existence of the size and 
book-to-market equity effects. Barber and Lyon (1997) analyses the returns for a 
holdout sample of financial firms which Fama and French (1992) excluded from their 
analysis. They find that both financial and non-financial firms exhibit a significant size 
and book-to-market premium. They also present evidence showing that survivorship 
bias does not significantly affect the estimate of size and value premium for both 
financial and non-financial firms. The authors make the point that the critical issue, 
which remains unresolved, is whether they are proxies for unidentified risk factors or 
security mispricing.

Previous work has shown that average returns on common stocks are related to firm 
characteristics like size, earnings/price (E/P), cash-flow/price (C/P), book-to-market 
equity ratio, past sales growth, long-term past return and short-term past return. Because 
these patterns in average returns are not explained by the CAPM, they are usually called 
anomalies. Fama and French (1996) investigate whether these anomalies disappear in 
the three-factor model. They find that except for the continuation of short-term returns, 
the anomalies largely disappear in a three-factor model. The three-factor model captures 
the returns to portfolios formed on E/P, C/P and sales growth. The model also captures 
the reversal of long-term returns documented by De Bondt et al. (1985). Stocks with 
low long-term past returns tend to have positive SMB and HML slopes in the Fama 
and French three-factor model and higher future average returns. 

Fama and French (1998) provide additional valuable out-of-sample evidence. 
They tested the Fama and French three-factor model in 13 different markets over the 
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period 1975-1995.  They find that 12 of the 13 markets record a premium of at least 
7.68% per annum to value stocks (high BM/ME). Seven markets show statistically 
significant BM/ME betas. 

Maroney and Protopapadakis (2002) tested the Fama and French three-factor 
model on stock markets of Australia, Canada, Germany, France, Japan, the UK and 
the US. The size effect and the value premium survive for all the countries examined. 
They conclude that the size and BE/ME effects are international in character. Using a 
Stochastic Discount Factor (SDF) model, and a variety of macroeconomic and financial 
variables, do not diminish the explanatory power of BE/ME and MVE.  Their evidence 
suggests that the BE/ME and MVE effects are not artifacts of the inadequacies of 
the augmented CAPM as an asset-pricing model or of omitting macroeconomic and 
financial variables. The positive relation of returns with BE/ME and their negative 
relation with MVE remain strong under a general SDF model. 

Faff (2001) use Australian data over the period 1991-1999 to examine the power 
of the Fama-French three-factor model. He finds strong support for the Fama-French 
three-factor model, but find a significant negative rather than the expected positive 
premium, to small size stocks. Faff (2001) concludes that his results appear to be 
consistent with other recent evidence of a reversal of the size effect.

Gaunt (2004) studies the Fama-French three-factor model in the Australian setting 
and provides further out-of-sample (non-US) tests of the model. The study covers the 
period 1991-2000 of firms listed on the Australian Stock Exchange. He finds that beta 
risk tends to be greater for smaller companies and those with lower BM ratios. Contrary 
to Fama and French, the betas are on average significantly less than one.  There is 
also evidence of the BM/ME effect increasing monotonically from the lowest to the 
highest book-to-market equity portfolios. There is a monotonic increase in loading 
on the SMB factor as well, when moving from the largest to the smallest portfolios. 
They find large and positive intercepts for the small portfolios. The explained variation 
as measured by the adjusted R2 is also much higher compared with the CAPM. The 
author concludes that the three-factor model provides a better explanation of observed 
Australian stock returns than the CAPM. 

Drew and Veeraraghavan (2002) present evidence of the size and value premium 
for the case of Malaysia. They report that the factors identified by Fama and French 
explain the variation in stock returns in Malaysia and are not sample specific. The 
analysis was restricted to firms with available returns data from December 1992 to 
December 1999. The findings show that small and high book-to-market equity stocks 
generate higher returns than big and low book-to-market equity stocks in Malaysia. 
The size premium and value premium generate average annual returns of 17.70% and 
17.69% per annum respectively. The average annual return generated by the market 
was only 1.92%. Returns on SMB and HML are substantially higher than that of the 
market. Their results also show that the explanatory power of the variables is powerful 
throughout the sample period and not solely in January. They reject the presence of 
the turn-of-the-year effect.

Drew and Veeraraghavan (2003) compare the explanatory power of the single 
index model with the multifactor asset pricing model of Fama and French (1993) for 
Hong Kong, Korea, Malaysia and the Philippines. They find that the size effect and 
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book-to-equity effect are present in these markets and that the FF three-factor model 
explains the variation in returns better than the single index model.  They suggest that 
the premium is a compensation for risk that is not captured by the CAPM.  

There is a lack of empirical evidence of whether the size and value premium are 
present in emerging equity markets generally, and particularly in the emerging African 
stock markets. This study provides some empirical evidence in an emerging market and 
offers additional out-of-sample evidence that the size and the book-to-equity effects 
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Data collection

The share price and market index data for the study have been obtained from the  
Stock Exchange of Mauritius. However, the data6 was not in a form suitable  
for empirical analysis. So the database had to be prepared from scratch. Monthly 

closing prices were extracted for each company and the monthly returns were calculated 
as ln (P1/Po) from January 1997 to June 2003. Adjustments were made for bonus and 
rights issues where necessary.  In the estimation of betas, two sets will be calculated, 
one inclusive of dividends and one ignoring the latter.

Various issues of the SEM FactBooks were used for descriptive statistics about 
the market in general. Companies’ annual reports7 were obtained from the listed 
companies for the years 1997 to 2003. This was quite a task, as given the timeframe 
we could not wait for the companies to send the annual reports. The annual reports 
were collected from the individual companies. In all, annual reports for 37 out of the 
40 listed companies were obtained. 

Methodology

(i) Estimation of traditional betas, correction for thin 
trading and estimate of time-varying betas

To measure systematic risk (beta) in a meaningful way, an asset-pricing model is  
needed. In this study, the betas of the shares are estimated using the Capital Asset 

Pricing Model (CAPM). To check the robustness of the results, they are re-estimated 
using the Market Model. In addition, two sets of monthly returns will be considered 
under each model; one inclusive of dividends and the other taking into account only 
price changes. The benchmark portfolio used is the monthly return on the SEMDEX.  
The SEMDEX is a value-weighted index which shows the market index and can be 
used to calculate the return on the market. 

3.   Data and methodology
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Using the CAPM, the beta values are estimated by regressing the monthly return of 
a share in excess of the risk-free rate on the monthly return of the SEMDEX in excess 
of the risk-free rate. The estimation period uses five-and-a-half years of monthly data 
from January 1998 to June 2003.  The risk-free rate is proxied by using the weighted 
monthly Treasury Bill rate. The regression equation is of the following form:

(Ri - Rf) = constant + ß1 (Rm - Rf)                    (6)

 where Ri    =  monthly return on a share

     Rm =  SEMDEX monthly return

     Rf  =  Weighted monthly Treasury Bill rate
For the market model, the monthly share return is regressed on a constant and on 

the monthly market return.
To correct for thin trading, the excess monthly returns on a share are regressed on 

the contemporaneous monthly excess return on the market return and the lead and 
lag of the latter. The Dimson (1979) method is used to correct for thin trading. This 
involves a summation of the betas obtained from the last regression, which is called 
the Aggregate Coefficients Method (ACM).  There are four additional approaches to 
correct for thin trading: (1) the Scholes and Williams (1977) approach; (2) adjusted 
simple regressions; (3) simple regressions with overlapping observations; and (4) 
trade-to-trade regressions.  However, the main advantage of the Dimson method is 
that it requires neither the market index to be continuously traded nor supplementary 
data such as transaction information.

When shares are traded infrequently and sufficient lagged market returns have been 
introduced to eliminate all non-trading bias, the Dimson estimator is more efficient than 
the Scholes-Williams estimator. But for shares, which trade in almost every period, 
the Scholes-Williams approach compares favourably with the AC method.

We then use the Schwert-Seguin (1990) model to examine the temporal variation 
in betas of the companies listed on the Stock Exchange of Mauritius. This will enable 
us to compare the latter with the betas obtained from traditional asset pricing model. 

The conditional market volatility (s2
m,t) is estimated using an MA (1)-Garch (1,1) 

model following the approach of Koutmos, Lee and Theodossiou (1994). Numerous 
studies have shown the robustness of the Garch (1,1) as a model of stock returns 
(Bollerslev et al., 1992). The estimation of time-varying betas has not been done for 
the Stock Exchange of Mauritius and in previous research on African stock markets.     

Our Garch specification for the SEMDEX monthly returns is shown below:

Rmt  = μ   +  εmt   +  θεmt-  (7)

σ2
mt = am  + bmε2

mt-1+  cmσ2
mt- (8)

where εmt is distributed N(0, σ2
mt).

Rmt is the monthly market return (SEMDEX Return) and σ2
mt is the conditional 
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variance of the SEMDEX return. Equation 7 is the conditional mean of the SEMDEX 
return, which is modelled as an MA (1) to account for the first-order serial correlation 
in market returns partly induced by non-synchronous trading. Equation 8 specifies 
the conditional variance as a linear function of past squared residual (ε2

mt-1) and past 
conditional variance (σ2

mt-1).
From the conditional variance equation, the ARCH coefficient, b, can be viewed 

as the news coefficient, whereas the Garch coefficient, c, reflects the impact of old 
news on volatility. The sum of the two coefficients (b+c) is the measure of volatility 
persistence. If b+c is close to 1, then a shock in a given period t, will persist for many 
periods into the future. Diagnostic tests will be performed to see whether the Garch 
model is well specified. Only then can we use the conditional variance series in the 
Schwert-Seguin market model.

(ii)   Size and book-to-equity effects

The methodology used by Fama and French (1993) and others requires that the  
stocks be split into classes according to size and book-to-market equity ratio.

Classification by size
The stocks are divided into two classes: Stocks of small market equity and stocks of 
big market equity (where market equity (ME) = stock price times the number of issued 
ordinary shares). The median size of the whole sample is used as the breakpoint to 
establish the difference between the two classes. Firms with market equity less than 
the median value (x) of all firms’ market equity are considered as small market equity 
firms and those with values greater than the median value are considered as big market 
equity firms. Table 2 illustrates the split values used in partitioning the stocks.

Classification according to book-to-market equity
Fama and French classified the stocks into three groups of portfolios: Low book-to-

market equity (BE/ME) ratio, medium BE/ME ratio and high BE/ME ratio. Stocks 
below the 33.33% of the median BE/ME ratio are considered as low book-equity 
portfolios, those between 33.33% and less than 66.66% are medium portfolios and 
those above 66.66% are high portfolios. The split of the stocks into different categories 
(three BE/ME groups and two ME groups) was arbitrary and Fama and French argued 
that there was no reason that tests should be sensitive to this choice. Following this 
argument and given our small sample size, only two classes of book equity-to-market 
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equity (BE/ME) value (low BE/ME and high BE/ME) will be created. The group of 
stocks of low BE/ME will be those with BE/ME values below or equal to the median 
BE/ME and those of high BE/ME will be the stocks with BE/ME values greater than 
the median BE/ME. This is shown in Table 3.

The book-equity value of the stocks is the respective book value of common 
shareholder’s equity plus the balance sheet deferred tax (if any) minus the book value 

of preferred stocks and the book-to-market equity ratio is constructed by dividing their 
book-equity value with their market-equity value.

Using this type of classification, it is possible to construct four portfolios: H/S (High 
book/Small mkt cap8), H/B (High book/Big mkt cap), L/S (Low book/Small mkt cap) 
and L/B (Low book/Big mkt cap). For our analysis therefore, we will use the four 
constructed portfolios (H/S, H/B, L/S, L/B) plus the portfolios of high and low BE/
ME, which makes a total of six dependent variables. Value-weighted monthly returns 
are then calculated for each portfolio for each month from January to December over 
the period 1997 to 20039. 

The Ordinary Least Squares method is used for the econometric analysis. 
The regressions showing serial correlation were corrected using the Cochrane-
Orcutt procedure. Those showing heteroscedasticity were corrected using White’s 
heteroscedasticity consistent variances and standard errors.

(iii)   An augmented Fama and French model

The objective here is to attempt to integrate the two areas of research: (1) On  
estimation of time-varying betas and (2) on size and book-to-market equity 

effects. A common explanation in the literature is that the size and book-to-market 
equity may proxy for other risk factors not being taken into account by the Capital 
Asset Pricing Model. One may expect that a Fama and French three-factor model 
that takes into account the time-variation in betas, the significance of the size and 
book-to-market equity effects may be reduced or disappear as the time-varying risk 
premium is adjusting for the temporal variation in systematic risk. The results will 
also confirm whether the Fama and French model is robust after taking into account 
the time-variation in betas.

The augmented model is as follows:

(Rpt) = Rf + ßp[(Rmt) - Rf ] + sp(SMB) + hp(HML) + δp

÷÷
�

�
��
�

�

 
 R
tm,

2
tm,

� + εpt   (9)  
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This regression will be performed for the four different portfolios, that is, L/S, H/S, 
L/B and H/B. dp is capturing the time-variation in beta and we expect that by taking 
into account time-variation in beta, sp and hp might no longer be statistically significant 
and that for the big market capitalization portfolios, dp to be positive and negative for 
the small market-cap portfolios.
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The first part in this section presents descriptive statistics on monthly return for  
the listed companies. The second  summarizes the results for the CAPM beta  
estimates. This is then followed by the results of the correction for thin trading 

and the decomposition of total risk into systematic and unsystematic risk. The fourth 
part shows the Garch estimation output, diagnostic tests and discussion of the time-
varying betas. Finally the results for the Fama and French three-factor model and the 
augmented model are presented and discussed.

Return characteristics

Information on the maximum return, the minimum return, the mean monthly return  
and the standard deviation of return for each company over the period January  
1998 to December 2003 is presented in Table 4. It can be seen that the dispersion of 

return is quite high. The monthly mean return ranges from 2.153% to negative 0.786%. 
The return properties of emerging markets have been investigated by a number of 
authors such as Wilcox (1992), Harvey (1995) and Claessens et al. (1995). The data 
agrees with the empirical evidence that the Mauritius stock market, like other emerging 
markets, offers the prospects of high return. However, the standard deviation of return 
over this period was also high compared with the monthly return. Casual observation 
tends to show that for most of the cases, a higher return is also associated with a higher 
standard deviation. However, the volatility of return though high, is not as high as in 
other emerging markets, a maximum monthly volatility of 16.76% is recorded.  For 
instance, Harvey (1995) reports that the volatility of return is quite high for emerging 
markets ranging from 18% (in Jordan) to 105% (in Argentina). He also reported that 
13 emerging markets have volatility greater than 33%. 

4.  Analysis of results
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Beta estimates

From Table 5 we can see that 30 companies have betas, which are statistically  
significant at least at the 5% level and 33 companies have betas which are  
significant at least at the 10% level out of the 40 listed companies. Only nine 

companies have a level of systematic risk (> 1) higher than the market. Thirteen 
companies have significant beta estimates less than 0.50. When compared with the 
betas obtained using the market model as benchmark (see Table 6), only 28 companies 
have betas, which are significant at the 5% level and 31 at the 10% level. Moreover, 
only eight companies have significant betas greater than one. 

However, the beta estimates are quite similar under each model with a few 
exceptions10.  The beta estimates when dividends are taken into account in the 
calculation of return are quite similar. The results are reported in Appendix 1. Moreover, 
within each sector, we also see that companies can have quite different risk profiles. 
Serial correlation detected was corrected using the Cochrane-Orcutt method. Using 
the CAPM benchmark, the adjusted R2 ranges from around 1.5% to 76.7% for the 
companies with a statistically significant beta.           

Given that most companies have betas less than one, they may be regarded as 
defensive stocks. There is also wide variation in the adjusted R2. This is common in the 
finance literature when analysing beta at company level. However, given that we are 
dealing in an emerging stock market, it cautions the reader about the appropriateness 
of solely relying on the capital asset pricing model or the market model in trying to 
measure risk. This therefore urges the need to look at other concepts of risk in addition 
to beta.
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Betas adjusted for thin trading

In most cases, when thin trading is accounted for, most of the companies show a   
higher level of systematic risk. From Table 7, in practically all cases, the betas 

adjusted for thin trading are quite different from the traditional beta estimates. 
Most of the companies with low systematic risk, record higher beta estimates when 
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adjusted for thin trading. Similarly, for companies with high systematic risk (beta 
> 0.8), in many cases, the adjusted beta is lower. The results are consistent with the 
empirical finding that for companies with low beta, beta tends to be underestimated 
and for companies with high systematic risk, beta tends to be overestimated when the 
market is characterized by thin trading. This empirical regularity is confirmed by the 
data. Moreover, 33 companies show beta estimates, which are significant at the 10% 
level or better.
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Estimation of unsystematic risk

Table 8 shows the decomposition of the total risk on a share (measured by  
the variance of return) into its systematic and unsystematic component. It can 

be seen that the share specific risk ranges from 0.03252 to 0.317918 per cent per 
month.  The results from the CAPM model including dividends have been used for 
the decomposition.

Estimation of time-varying betas
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(i)  Estimation of the MA (1)-Garch (1,1) model for the 
SEMDEX

We first estimate the MA (1)-Garch (1,1) and conduct several specification  
tests to see whether the chosen Garch model is properly specified.  Only then 

do we generate the conditional variance series of the market return, which we use in 
the Schwert-Seguin market model.

We see from the conditional mean equation that the estimated coefficient of the 
moving average term, MA (1), is positive and statistically different from zero. This 
shows that non-synchronous trading effects are present on the SEM. The magnitude of 
the serial correlation in monthly returns is quite high. This suggests that past residual 
returns have an influence on current market returns.

Table 9 shows an ARCH coefficient, a, of 0.028488 and a Garch coefficient, b, 
of 0.849476. The ARCH coefficient is not only small but also insignificant whereas 
the GARCH coefficient is significant at the 1%  level, showing that monthly return 

on the SEMDEX is influenced by the lagged conditional variance. The sum of the 
coefficients is 0.877964 and less than one, showing that shocks die out. This indicates 
a volatility persistence of 0.877964.  In fact, a Wald test on the coefficients showing 
that the null hypothesis of the sum of the coefficients is one is strongly rejected. This 
is seen from Table 10. 
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Moreover, an ARCH test of the residuals, show no arch effects in the residuals(see 
Table 11).All the tests therefore confirm that the MA (1)-Garch (1,1) is well specified 
andfits the monthly SEMDEX return series data well. 

 

 

companies’ monthly returns were used from 1998 to 2003 and regressed on a constant, 
on the monthly SEMDEX return and on the SEMDEX monthly return divided by its 
conditional variance as obtained from the Garch model above.

In this table we are interested in the sign, value and statistical significance of delta 
(ä). The point estimate of ä is negative for 31 out of the 40 stocks examined and positive 
for only nine stocks and delta ranges from -0.0009 to 0.024412. These estimates are 
comparable to those obtained by Schwert and Seguin (1990), who report estimates of 
0.0004 to +0.0001 and Reyes (1999) who report delta estimates of 0.0007 to 0.0001. 
Ten companies have ä’s which are significant at least at the 10% level.  The results 
are consistent with Grieb and Reyes (2001) who find that out of 38 stocks examined, 
for the Brazilian stock market, only 16 had ä’s which were statistically significant. 
Similarly, Episcopos (1996) finds significant negative ä’s in only three of the 11 
industries examined and Reyes (1999) did not find the time-varying term statistically 
significant for the UK stock indexes examined.

In addition, Grieb and Reyes (2001) find that 32 out of the 38 stocks had negative 
ä’s. They concluded that the Brazilian stock market behaved very much like a small 

(ii) Results on estimation of time-varying betas

Table 12 reports the results obtained from estimating the Schwert-Seguin  
(1990) model for the listed stocks on the Stock Exchange of Mauritius. The 
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capitalization market. The results in Table 12 concur with the fact that, relatively 
speaking, the SEM can be considered a small market capitalization index and, therefore, 
we should expect most of the ä’s to be negative, which is in fact the case.

It must be stressed that the time-varying beta given by βit = βi + δi/σ
2
m,t.  βi  is not 

the time-varying beta. For 25 companies, the time-varying beta (based on the mean 
market volatility) is higher than the OLS estimated beta. Overall, we also note that the 
time-varying betas are quite different from the stationary CAPM estimated betas.

 Therefore, this shows that failure to take into account time-varying betas could 
lead to serious over or underestimation of expected return.

Moreover, a very interesting result is that for all of the companies with negative δs’, 
as market volatility goes up the time-varying betas also increases and is in most cases 
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higher than the OLS betas. This can be seen in the fifth column [Max σ2
m,t] from Table 

12. On the other hand, for all companies with positive δs’ as market volatility goes up, 
the time-varying betas fall. This is very much in accordance with the empirical findings 
of Schwert and Seguin (1990), Grieb and Reyes (2001) and others and confirms the a 
priori expectations in the literature.

Generally, the results also confirm that the spread between the systematic risk 
of small and large firms is larger during periods of high aggregate market volatility.  
Therefore in emerging markets, which are generally quite volatile, it is important 
to take into account the time variation in betas and not to rely solely on traditional 
CAPM betas as this can lead to under-estimation of systematic risk. From an investor’s 
perspective, this is also quite important as emerging markets are generally characterized 
by high levels of volatility. This will also have implications in estimating the return on 
equity (ROE) and the weighted average cost of capital (WACC). Caution must also be 
exercised when using betas to calculate expected returns and eventually cumulative 
abnormal returns in event studies.
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Size and book-to-market equity effects
Table 13 shows the results for the Fama and French (1993) three-factor model 

for the Stock Exchange of Mauritius. Beta is significant for all the portfolios, but 
less than one. This is consistent with Gaunt (2004). The signs of the coefficients for 
all the portfolios are as expected and statistically significant at the 1%  level. The s 
coefficient is positive for all the small market equity portfolios (L/S and H/S) and 
becomes negative for all the high market capitalization portfolios (L/B and H/B), 
thus confirming the existence of the small firm effect. Similarly, the h coefficient is 
negative for the low book-to-equity portfolios (L/S and L/B) and becomes positive for 
the high book-to-equity portfolios. The SEM also confirms the existence of the value 
premium. The adjusted R2 ranges from 51.4% to 85%. Our findings are consistent 
with those of Fama and French (1993), Drew and Veeraraghavan (2002) and others 
who observe that small and high book-to-market equity firms have positive slopes on 
SMB and HML whereas big and low book-to-market-equity firms load negatively on 
SMB and HML. Small firms and firms with high book-to-market equity on average 
earn higher returns.
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An augmented Fama and French model
We find that for all the portfolios, the d coefficient is significant at the 10% level or 

better.  This shows that the time variation in betas is priced.  They are all negative in 
sign. This is expected for the small market capitalization portfolios. For the big market 
cap portfolios the negative sign confirms the finding earlier that the SEM is basically a 
small market capitalization stock and the deltas should be expected to be negative. The 
coefficients for the size effect and the book-to-market equity effect are all significant at 
the 1% level and with the expected signs. These effects do not disappear. This shows 
that the Fama and French three-factor model is robust to taking into account time-
varying betas.  They are therefore capturing other risk factors, which are ignored by 
the simple CAPM model. The R2 ranges from 53.08% to 84.04%. However, the results 
must be interpreted with caution as they might be sample specific. This model must 
be tested across other stock exchanges to test the robustness of the findings. However, 
to say the least, the above is a very interesting result indeed.
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In Mauritius, the government has the objective of making the financial sector become  
the fourth pillar of the Mauritius economy.  The Stock Exchange of Mauritius has  
been in operation for slightly more than 15 years.  As at December 2004, there were 

40 companies listed on the official market with a market capitalization of approximately 
67 billion rupees and on the Over-The-Counter (OTC) market there were 78 companies. 
The stock exchange is run and managed by the Stock Exchange of Mauritius Limited 
and is supervised and regulated by the Financial Services Commission under the Stock 
Exchange Act 1988.  The SEMDEX is the index of all listed ordinary shares and it is 
a value-weighted index.

Summary of major findings

Beta estimates

Thirty companies have betas, which are statistically significant at least at the 5%  
level and 33 companies have betas, which are significant at least at the 10%  level 

out of the 40 listed companies. Only nine companies have a level of systematic risk 
(>1) higher than the market. Thirteen companies had significant beta estimates less than 
0.50. When compared with the betas obtained using the market model as benchmark, 
only 28 companies have betas, which are significant at the 5% level and 31 at the 10%. 
Moreover, only eight companies have significant betas greater than one. However, the 
beta estimates are quite similar under each model with a few exceptions.  

In most cases, when thin trading is accounted for, most of the companies show a 
higher level of systematic risk. We see that in practically all cases, the betas adjusted 
for thin trading are quite different from the traditional beta estimates. The results are 
consistent with the empirical finding that for companies with low beta, beta tends 
to be underestimated and for companies with high systematic risk, beta tends to be 
overestimated when the market is characterized by thin trading.

5.  Conclusion and policy implications



Asset Price DeveloPments in An emerging stock mArket: the cAse of mAuritius 38

Time-varying betas

We first estimate an MA (1)-Garch (1,1) and conduct several specification  
tests to see whether the chosen Garch model is properly specified.  Only then 

we generate the conditional variance series of the market return, which we use in the 
Schwert-Seguin market model. All the tests confirm that the MA (1)-Garch (1,1) is 
well specified and fits the monthly SEMDEX return series data well.

The point estimate of the term capturing the temporal variation in beta is negative 
for 31 out of the 40 stocks examined and positive for only nine stocks and ranges from 
-0.0009 to 0.024413. These estimates are comparable to those obtained by Schwert-
Seguin (1990), who report estimates of 0.0004 to +0.0001 and Reyes (1999) who report 
delta estimates of 0.0007 to 0.0001. Ten companies have ä’s which are significant at 
least at the 10% level.  The results are consistent with Grieb and Reyes (2001) who 
find that out of 38 stocks examined, for the Brazilian stock market, only 16 of them 
had äs which were statistically significant. Similarly, Episcopos (1996) finds significant 
negative ä’s in only three of the 11 industries examined and Reyes (1999) did not find 
the time-varying term statistically significant for the UK stock indexes examined.

In addition, Grieb and Reyes (2001) find that 32 out of the 38 stocks had negative 
ä’s. They concluded that the Brazilian stock market behaved very much like a small 
capitalization market.  The results below concur with the fact that relatively speaking 
the SEM can be considered as a small market capitalization index and therefore we 
should expect most of the ä’s to be negative, which is in fact the case.

Moreover, a very interesting result is that for all of the companies with negative äs, 
as market volatility goes up the time-varying betas also increases and is in most cases 
higher than the OLS betas. On the other hand, for all companies with positive ä’s as 
market volatility goes up, the time-varying betas fall. The results therefore confirm 
that the spread between the systematic risk of small and large firms is larger during 
periods of high aggregate market volatility. 

Size and value premium
The empirical results confirm that the Fama and French (1993) three-factor model 
holds for the Stock Exchange of Mauritius. In other words, both a size effect and a 
book-to-market equity are present on the SEM. The coefficients have the expected 
signs and are statistically significant at the 6% or better.

Augmented Fama and French model
We find that for all the portfolios, the d coefficient is significant at the 10% level or 
better.  This shows that the time variation in betas is priced.  They are all negative in 
sign. This is expected for the small market capitalization portfolios. For the big market 
capitalization portfolios the negative sign confirms the finding that the SEM is basically 
a small market capitalization stock and the deltas should be expected to be negative. The 
coefficients for the size effect and the book-to-market equity effect are all significant 
at the 1% level and with the expected signs. These effects do not disappear. 
This shows that the Fama and French three-factor model is robust after taking into 
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account time-varying betas.  However, the results must be interpreted with caution, as 
they might be sample specific. This model must be tested across other stock exchanges 
to test the robustness of the findings.

With the beta estimates, companies can calculate the required return on equity 
(ROE) and compute their weighted average cost of capital (WACC). This can then be 
compared with the discount rates which they use. There is also no ‘Beta Book’ at the 
SEM. This study can act as a first step towards the setting up of the latter with regular 
updating, say at three or five-year intervals. This will be useful not only for firms, but 
for the investment community at large. The size effect and the value premium may 
be used as investment strategies by portfolio managers and equity investors. We also 
know that returns on the SEM are better described by the Fama and French three-factor 
model rather than by the traditional capital asset pricing model. Given that betas are 
not stable over time, it is therefore crucial when considering long holding periods, 
that researchers and other stakeholders take into account the time-varying premium 
in systematic risk in their analysis.
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6.  Directions for further research

It would be interesting to replicate the above study in other emerging African stock  
markets in order to further enrich the literature on African stock markets research.  
It may be useful to further augment some of the asset pricing models by taking 

exchange rate risk into account, for instance, within an international capital asset 
pricing model or within an arbitrage pricing theory (APT) framework. In addition to 
the Fama and French three-factor model approach, it may be interesting to randomize 
portfolio membership and examine the ability of this model to explain the cross section 
of returns. 
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Notes
1 Rupees are Mauritian rupees.
2 The rates of corporate tax prevailing then, that is, as at June 2003.
3 The author acknowledges that integration of these two components of research 

was suggested by Professor Senbet at the AERC research workshop in May-June 
2005.

4  Some of the major studies are discussed afterwards.
5  bi is the limit of bit as the conditional market volatility goes to infinity.
6 The share price data for each company was in row format. It had to be converted to 

column format. 
7 The financial statements are prepared according to the Mauritius Accounting 

Standards.
8 “mkt cap” stands for market capitalization.
9 For 2003, we stopped at 30th June, given that we had information on the weighted 

Treasury Bill rate up to June 2003.
10 Only for four companies: MSM, CIT, FINCORP and LIT.
11 Indicates the sector in which a company is operating.
12 Ignoring the outliers, the range is in fact between 0.0009 to +0.0009
13 Ignoring the outliers, the range is in fact between 0.0009 to +0.0009
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