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Abstract 

Inability of Fama and Macbeth (1973) two-pass regression procedure to accommodate time varying 

moments is offered as one of the reasons for the poor cross sectional explanatory power and the anomalies 

found in Capital Asset Pricing Model (CAPM). We allow the first and second moments of the stock returns 

to change over time and test three variants of conditional CAPM for value weighted size-based portfolios 

constructed to test the validity of the same and to capture the 'size effect'. Given the non-normality and 

temporal dependence in the data, Hansen's Generalized Method of Moments (GMM) has been used for the 

robust estimation of the parameters. We find that small stock portfolios behave differently from the larger 

portfolios in terms of their betas and price of covariance risk. While the time variation in beta is significant 

for the larger stocks, it is not so in the case of smaller stocks. Also the price of covariance risk is found to 

be inversely related to the size of the portfolios. Given the smaller sample size and highly nonlinear 

restrictions of the models, size and statistical power of the models are presented.  

1 Introduction 

Indian stock market has witnessed drastic changes during the past decade under the broad stock market 

liberalization measures. The screen based trading introduced has made the price discovery process more 

efficient. Dematerialization of shares and setting up clearing houses has virtually eliminated the risks 

involved in trading. Similarly rapid strides were made in settlement procedures, corporate governance 

standards, introduction of derivative products etc. These reforms have increased the participation of 

Foreign Institutional Investors (FIIs) and other institutional investors in Indian stock market thus widening 

the investor base and increasing the turn over of the stock exchanges. The impact of all these reform 

measures reflects clearly on the continuous improvement found in barometers of stock market 

development such as the number of listed companies, market capitalization, turn over, liquidity etc. Table 1 

given below reveals the development of Indian stock market since the 1990s.     

Change in the marginal investor with the presence of foreign investors, increased turnover and 

liquidity, introduction of derivative products and improved regulatory system would all have profound 

impact on the pricing of financial assets. We undertake to study the process of asset pricing during this 

period of liberalization under the Conditional Capital Asset Pricing Model (CAPM) framework. Three 

different models of conditional CAPM have been tested imposing different restrictions to gain important 

insights on the pricing of financial assets in Indian Stock Market.   
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The study is organized in the following way. The first section details the literature on asset pricing 

especially on CAPM. This is followed by a brief description on the findings of asset pricing studies in 

Indian stock market. We motivate the selection of empirical specifications/restrictions based on the 

findings of the previous studies in Indian stock market. The empirical model specification and estimation 

procedure is described in the third section and would be followed by the data description and important 

summary statistics. The empirical findings and our interpretation of the results are described in the fifth 

section. Typically asset-pricing studies of the western literature consider data for three to four decades and 

our study considers data of only twelve years from 1990 to 2001 on monthly basis. Hence a study on the 

small sample properties of our empirical specifications is imperative. The size and statistical power of our 

models are provided in the sixth section followed by concluding remarks in the final section.   

2 CAPM and Cross Sectional Returns 

A substantial portion of research in financial economics is devoted to understand how investors evaluate 

the riskiness of financial assets and the premium attached to the risk.  Though it is common knowledge that 

higher risk is being associated with higher returns, the question that remains are, what type of risks are 

rewarded and what is the price/reward for bearing the risk i.e. the risk premium per unit of risk.  Several 

equilibrium asset pricing models attempt to answer these questions viz., Capital Asset Pricing Model 

(CAPM) (Sharpe (1964) and Lintner (1965)) which later got modified by Black (1972), Arbitrage Pricing 

Theory (APT) (Ross, 1976), Inter-temporal capital  

Table 1: Second market Indicators on Indian Stock Market 

Year 
No of listed 
companies 

Market 
capitalization 
(Rs Billion) 

MCAP 
--------- 
GDP 

Turnover 
ratio 
(%) 

Cumulative 
Net FII flows 

1990-91 6229 1102.79 19.39 - - 

1991-92 6480 3541.06 54.21 - - 

1992-93 6925 2287.80 30.57 - - 

1993-94 7811 4000.77 46.56 50.9 - 

1994-95 9077 4733.49 46.73 34.4 47.96 

1995-96 9100 5722.57 48.16 39.7 117.38 

1996-97 9890 4883.32 35.69 132.3 203.13 

1997-98 9833 5898.16 38.74 154.1 262.70 

1998-99 9877 5740.64 32.64 178.3 246.86 

1999-00 9871 11926.30 60.94 173.3 348.08 

2000-01 9954 7688.63 - 374.7 447.42 

2001-02 9644 7492.48 - 119.6 534.97 
 



 

Source: Indian Securities Market Review - A review, (2002) by National Stock Exchange of India Limited.  

The GDP figures are obtained from the RBI Handbook of statistics on Indian Economy, 2001. Asset 

pricing model (ICAPM) of (Merton, 1973) and Consumption based capital asset pricing model (Breedin, 

1979).  Despite the anomalies found in the CAPM (discussed below), however it still remains the most 

favorite asset-pricing model for researchers as well as industry practitioners.This can be attributed to its 

simplicity and intuitive appeal and mainly to the lack of better alternative models1.   

The CAPM postulates that the return on any asset is linearly related to its market beta, with beta 

being defined as the ratio of the covariance of the asset with the market portfolio to the variance of the 

market portfolio. In other words, cross sectionally only the market beta (β) shall be priced. The early 

empirical tests of CAPM by Black, Jensen and Scholes (1973) and Fama and Macbeth (1973) found support 

for it because higher returns were associated with higher betas. Although the security market line obtained 

from their studies were more flat than what is prescribed by CAPM, it was considered to be supporting the 

zero-beta CAPM of Black (1972).   

The problems for CAPM started with the anomalies found in early 80s. The most important of 

them is 'size effect' (Banz, 1981) i.e. small stocks in terms of market capitalization earn more returns than 

what is prescribed by CAPM.  The 'value effect' (Basu, 1983) says that the high book value / market value 

(BV/MV) earn higher returns than the low BV/MV stocks.  Fama and French (1992) in their widely cited 

study find that when size and BV/MV factors are considered the CAPM β has no marginal explanatory 

power for cross sectional returns. Another important anomaly that cannot be explained by CAPM is the 

'momentum effect' (Jagadeesh and Titman, 1993). Stocks that have done well in the past (winners) tend to 

do well in the future and the losers of the past tend to be lose in the future too and this short term 

persistence is called momentum. Jagadeesh and Titman attribute this momentum to investors' under 

reaction.  

Fama and French (1993) offers an empirical three-factor model with size and BV/MV considered 

explicitly apart from the market beta of CAPM.Though the three-factor model have better empirical 

explanatory power than the original CAPM to explain cross sectional returns the economic reason for why 

size and BV/MV to be priced is not known. In their later articles, Fama and French (1993,1996) give a 

reasoning that the small stocks with high BV/MV ratio are firms that have performed poorly and are 

vulnerable to financial distress and hence command a premium which they call as 'distress premium'.  But 

why distress risk should be priced and why it should command more price than the market beta remain to 

be answered (Campbell, 2000).   

A wide range of explanations are offered to explain away the CAPM anomalies which include data 

snooping (Lo and Mckinlay, 1990) and behavioral explanations such as investors' over-reaction 

(Lakhonishok et. al, 1997) or under-reaction (Jagadeesh and Titman, 1993). One of the explanations is that 

the CAPM might not be able to explain the cross sectional returns unconditionally but conditionally it 

                                                 
1 Fama (1991) makes this observation.  Also Campbell and Cochrane (2000) explains the poor performance of the consumption based asset pricing 
models vis a vis CAPM. 



 

might perform well. The assumptions on the estimation of original CAPM, following two pass regression 

methods of Fama and Macbeth (1973), like constant expected returns; risk premium and market betas are 

not valid.  Risk premiums vary over time (Ferson and Harvey, 1991) and will be higher during the 

recessionary period. Also during a recession the financial leverage of firms in relative poor shape may 

increase relative to other firms causing their stock betas to rise (Jagannathan and Wang, 1996). So by 

allowing the expected returns, betas and risk premiums in the CAPM to vary explicitly, it might be possible 

to improve the cross-sectional explanatory power of CAPM.  Or in other words, the CAPM would perform 

better conditionally. In this study, we have tested the validity of conditional CAPM for Indian stock market.   

2.1 Asset pricing in Indian context 

Several studies have examined the validity of CAPM for Indian Stock Market for various time periods and 

come to conflicting results. Detailed description of all the findings are beyond the scope of the article, 

however important findings that have implications for our empirical specifications is discussed here.2  

Time variation in beta of the Indian stocks has been reported by various studies. Using Kalman 

filter and Bayesian structural break model, Verma (1988) finds evidence for time variation in beta of Indian 

stocks. Moonis and Shah (2002) use a modified kalman filter that can accommodate heteroskedasticity and 

reject constancy of beta for 26 of the 50 liquid stocks for the time period 1996-2000. Also variation of 

stock betas for two interest rate regimes (high interest and low interest) is reported by Moonis and Shah 

(2001).  Amanullah and Kamiah (1997) parameterize the second moment (variance and covariance) of the 

returns as ARCH, ARCH-M, GARCH and GARCH-M processes and find support for conditional CAPM. 

They also find that GARCH (1,1) performs better than other ARCH and GARCH family processes in 

explaining the second moment of returns.   

To motivate our use of conditional CAPM with time varying risk premium, we present the ex post 

risk premium on Indian market against the index for industrial production (IIP) in the figure given 

below.The risk premium is the excess monthly return on BSE-sensex over the short-term risk free rate.  

The index for industrial production is considered as a proxy for the economic conditions.This would give 

insights on how the risk premiums changed with changing economic conditions. It can be readily inferred 

from the figure that the risk premium varies over time and it is negatively correlated (the correlation 

coefficient is equal to -0.1029) with the index of industrial production implying that the risk premium is 

more during the recessionary phase than during the expansionary phase. These findings reported justifies 

the empirical specifications we are using in the later sections of the article.   

 

Figure 1: Relationship between the risk premium and economic conditions 

                                                 
2 For detailed review of the early works on Indian capital market please refer to Barua et al (1994).  Shegal (2001) shows that Fama and French's 
three factor models performs better than CAPM to explain cross sectional returns. 
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3 Specification of Conditional CAPM 

 
The conditional CAPM in excess return form can be written as follows: 

E[rit / Zt-1 ] =  ]/[
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       (1) 

where Zt-1 is the information available with the investors at time t-1 and is used by them to forecast 

expected returns, variance and covariance for time t. Hence the expected returns, covariance and variance 

would be revised at every point of time by the investors based on the new information.   In order to test 

the above model the expected returns, covariance and the variance terms in equation (1) need to be 

parameterized.   For example, Harvey (1989, 1991) use Hansen's generalized method of moments (GMM) 

and Schwert and Seguin (1990) use the Glejser weighted least-squares estimation approach to find evidence 

for conditional CAPM.  Bollerslev, Engle and Wooldridge (1988), Bodhurtha and Mark (1991) and Ng 

(1991) employ ARCH/GARCH to parameterize time varying second moments.   

Our econometric specifications follow Harvey (1991) to test three variations of conditional CAPM. 

In all the three forms of conditional CAPM, the return on portfolios (ri,t) as well as the return on market 

portfolio (rm,t) is defined as  

ujt = rjt - Zt-1δj           (2) 

umt = rmt - Zt-1δm           (3)  

ui,t and um,t are the forecast errors on portfolio and market returns, Zt-1 is the information used by the 

investors and δI s their respective coefficients.  The assumption here is that the expected returns on the 

assets and market are linearly related with the information variables.  

3.1 Conditional CAPM with time varying moments 

In this model both the first and second moments of the returns are allowed to vary over time.  Applying 

equations (2) and (3)  on equation (1)  we would get: 
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By readjusting the terms in equation (3) we will get 

]/E[u  ]/[ 11jt11
2

−−−− = tmtmttjtmt ZZuZZuE δδ        (5) 

hjt = u2mt Zt-1δj  - ujt umt Zt-1δm         (6) 

The expected returns on the asset and the market are taken inside the expectation operator because they are 

known at time t-1.  The deviation from the expectation (hjt) if divided by the variance of the market return 

can be considered as the pricing error under this specification. A negative pricing error would imply that 

the model overprices and positive pricing error would mean underpricing (Harvey, 1991).   

 

The econometric model to tested can be formed by clubbing equations 2, 3 and 5.   
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This model shall be estimated for every portfolio individually as well as by grouping all the portfolios 

together.  When the model is tested for all the portfolios simultaneously, the test of the overidentifying 

restrictions do not tell us where the model fails. Similarly, while testing the portfolios individually the 

results are to be read with caution because one of the important restrictions of CAPM (the price for 

covariance risk is same for all the portfolios) is not imposed in this case.  However this provides test on the 

restriction that portfolios returns are positively related to its covariance with the market.  In order to 

construct more powerful tests, we have to restrict one of the moments to be constant and test the model.   

3.2  Conditional CAPM with constant betas 

In this version, we restrict the betas of the portfolios (the ratio of the covariance of the portfolio with the 

market to the variance of the market) to be constant.  With this restriction the model reduces to the 

standard CAPM model with constant beta which is quite common in the literature.  

E[rit / Zt-1 ] =  ] Z/E[r 1-tmtimβ         (8) 

βim is the coefficient of the estimated equation.  This model is also similar to single factor latent variables 

model (Gibbons and Ferson, 1985 and Ferson, 1990) with the only risk premium being the excess return 

on the market. This model can be tested from the following equation: 

kt = rt - rmtβ          (9) 

where kt is the pricing error in this model and should be uncorrelated to the information available at time t-

1.  No cross restrictions can be imposed in this specification and hence this is estimated for all the 

portfolios individually.   

3.3 Conditional CAPM with constant price of covariance risk 

In the similar way, conditional CAPM is tested by constraining the price of covariance risk to be constant.  

The price of covariance risk is defined as the excess return on the market proxy divided by the conditional 

variance of the market or price offered by the market for taking every unit of market risk.  Incorporating 

the definition for price of covariance risk (λi) in equation (1) we get: 

1iti /],[r Cov   ] 1-E[rit / Zt −= tmt Zrλ         (10) 

The pricing error in this version can be written as: 

mtt ue tt u - r  λ=           (11) 

This model can then be estimated using the following system of equations: 
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This can be simplified because E[umtujt / Zt-1] = E[umtrt / Zt-1] and the simplified model can be written as: 

ηt = ( )tmt eu = 
'

'
tmt 

'
1-tmt

)]r (u-
] Z- r[









λ
δ

t

m

r
       (13) 

According to CAPM, the price of covariance risk should be same for all the portfolios.This restriction can 

be imposed when the model is tested for all the five portfolios together.Besides an additional restriction 

that the price of risk do not vary over time is also imposed.Hence, rejection of the model in multi portfolio 

system would either mean that the price of covariance risk is not the same for different portfolios or it is 

not constant over the time.However if the model were rejected while testing the portfolios individually, it 

would only mean that the price of covariance risk is time varying.The results of the single asset tests read in 

conjunction with the result on multiple asset tests would provide all the necessary information regarding 

λis.   

3.4 Estimation of the Models 

The three version of conditional CAPM models to be estimated are given by equations (7), (9) and (13). 

These models are estimated using Hansen's (1982) Generalized Method of Moments (GMM). This is 

because GMM estimates are robust in the presence of non-normality and temporal dependencies in the 

data. Normality and IID assumptions are generally made in testing asset-pricing models because finite 

sample properties are derived with these assumptions (Campbell, Lo and Mackinlay, 1997 page no 208). 

Temporal dependence of the returns or heteroskedasticity in Indian stock market has been reported by 

various studies including Pradhan and Narasimhan (2002). Similarly the non-normality of the market and 

portfolio returns is evident from the summary statistics reported in the next section.  

The GMM estimation proceeds in the following way. A vector of orthogonality conditions g = vec 

(ε’Z) is made where ε is the forecast errors of the model and Z is the array of information variables. The 

parameters are estimated by minimizing the quadratic form g'wg  where w is a symmetric weighting matrix.  

The consistent estimate of w is given by Hansen (1982) as: 
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where  ⊗ represents kronecker product.  The model can be estimated in two-stage procedure or iterative 

procedure.  In the two-stage procedure, an identity matrix would be used for w to get initial estimate of the 

parameters and these initial parameters would be used to get the new weighting matrix (w). With the new 



 

weighting matrix, the revised parameters would be estimated.  In iterative procedure, the weighting matrix 

shall be iterated till it converges. We have used iterative procedure for estimating our models.3 

The goodness of fit of the model is tested with the minimized value of the quadratic form (g1wg).  

Under the null hypothesis that the model is true, the minimized value should be distributed χ2 with degrees 

of freedom equal to the number of orthogonality conditions minus the number of parameters to be 

estimated.  If we assume the number of assets to be n and the number of instrumental variables to be l, 

then the number of orthogonality conditions and the number of parameters for the conditional CAPM 

with time varying moments (equation - (7)) should be l*(2n+1) and l*(n+1) respectively.  Hence the 

minimized quadratic form should be χ2 distributed with degrees of freedom equal to l*n. The difference 

between the number of orthogonality conditions and the parameters to be estimated is also known as the 

number of overidentifying conditions.A higher χ2 statistic would mean rejection of the model's restrictions. 

4 Data description and Summary Statistics 

We shall use monthly data from 1990:01 - 2001:12 for 100 stocks listed in Bombay Stock Exchange during 

the period 1990-2001. These 100 stocks are selected based on the following criteria: (1) The stocks selected 

should have been listed in Bombay Stock Exchange for the entire period 1990:01 - 2001:12.(2) There 

should be at least one trading in every month during the time period. (3) The final 100 stocks were selected 

based on the number of trading days.  Five value-weighted portfolios were constructed by value ranking of 

the companies on the basis of market capitalization at the end of every year and splitting these companies 

into value-ranked quintiles, and then forming five portfolios based on value weights within a quintile.   

The monthly adjusted closing price data for the stocks were collected from the data published by 

the 'Centre for Monitoring Indian Economy' (CMIE). The call money rate published by the Reserve Bank 

of India (2001) was used as the short-term risk free rate4. For the market return, we have used the monthly 

return on the value-weighted index, BSE-National Index of the Bombay Stock Exchange. BSE-National 

Index comprising 100 stocks is less volatile and broader and hence would serve better as market proxy 

compared to BSE-30 or NSE-505.   

The selection of instrumental variables for conditioning information are is based on western 

literature  (please refer Harvey, 1991 pg no 120 &121 for detailed references and discussion) and the 

number of instrumental variables is constrained by the number of assets to be tested and the sample size.  

The sizes of the GMM tests deteriorate rapidly with the increase in the number of instrumental variables 

(Ferson and Forester(1994), Harvey(1991)). Four instrumental variables that are considered for our study 

are the lagged market return, foreign exchange rate (Re/USD) changes, difference between the redemption 

yield on 10 year Government of India bonds and call money rate and finally the ratio of the market proxy 

(BSE-National index) to the index for industrial production (IIP).   

                                                 
3 Ferson and Forester (1994) shows that the iterative procedure performs better with small samples. 
4 Three-month treasury bill rates are generally used for this purpose.  Since it is not available for the whole period call money rates have been used. 
5 NSE-50 has been back worked till 1990 and is provided by the National Stock Exchange.   



 

The choice of lagged market return is due to high persistence of the market returns in Indian 

market, which becomes very evident from the summary statistics given in Table 2 below. The difference 

between the long term interest rate and the short term interest rate gives information on the premium 

expected for holding the securities for longer time.The exchange rate (Re/USD) movements would directly 

affect the dollar returns for the foreign institutional investors investing on Indian stocks and hence 

included as an information variable.The ratio of the BSE-National Index to the index for industrial 

production gives information on the changing economic conditions and its affect on stock market.The data 

on the short term interest rate, long term interest rate, monthly average exchange rates and index for 

industrial production were collected from the Handbook of statistics on Indian Economy - 2001 published 

by the Reserve Bank of India and International Financial Statistics released by International Monetary 

Fund.   

Table2 gives the basic summary statistics such as mean, standard deviation, skewness and Kurtosis 

apart from the average market capitalization for the size based portfolios. For the portfolio with the largest 

stocks (Portfolio I), the average Mcap is 758 billion and the portfolio with smallest stocks (Portfolio V) has 

an average Mcap of 21 billion.  The range of the average market capitalization obtained justifies one of the 

purpose of this study: to infer size effect. The mean return and the standard deviation are typical of an 

emerging market return: very high. The mean return is highest for Portfolio 5 (5.55%) and Portfolio 1 has 

the highest standard deviation of the returns (32.45%) and even the market proxy has a standard deviation 

of 9.6%.    

Another regular feature that is observed on emerging market return data is non-normality.The 

statistics provided on the skewness and kurtosis justifies that. Besides, we have conducted Kolmogorov-

Smirnov test for the normality on the data and the results are reported for 10% significance level in the last 

column of Table 1. The normality is rejected for Portfolio1, 2 and 4 at conventional levels and for Portfolio 

3, 5 and the market return they are rejected at 5% significance level. This justifies our use of Generalized 

Method of Moments (GMM) procedure to estimate the model.   

Table 3 and Table 4 reports the auto correlation properties of the returns, as well as the correlation 

between the portfolio returns and the instrumental variables respectively. The autocorrelation coefficients 

and the Ljung-Box Q statistics provide evidence that the Indian stock returns are highly persistent. The 

correlation between portfolio returns and the market in Table 4 reveals high correlation but counter 

intuitive. Portfolio 1 has the lower correlation coefficient (0.50) with the market compared to smaller stock 

portfolios. One would expect larger stock to move more closely with the market. This could be because our 

Portfolio 1 is more volatile compared to the market proxy, which is a value-weighted index of 100 stocks.  

The cross correlation between the portfolios are also very high (Table 3 Panel A). It also reveals 

another interesting detail.  The strength of correlation with other portfolios decreases with the decrease in 

size.To understand this more we find the cross correlation coefficients with lags because it is quite possible 

that the larger stocks reflect market information quickly and smaller stocks take more time to reflect market 

information due to poor liquidity. The results obtained confirm our doubts.  



 

Panel B of Table 4 reports the association between the four instrumental variables that are 

considered for this study. Since investors use these informational variables to predict the expected returns, 

the association between these variables are to be lower. Then only the information gained from the four 

variables would be non-redundant. As expected, the four instrumental variables are not significantly 

correlated.  The highest correlation is between term spread and the ratio market proxy/IIP (0.28). 



 

Table 2: Summary Statistics for the Portfolio Returns  

 

The statistics are based on monthly data from 1995:02 to 2001:12 (143 observations).  The country returns 

are in excess of the risk free short-term interest rate.  Portfolio 1 is the portfolio of largest stocks and 

Portfolio 5 is the portfolio of smallest stocks.   The average value of the Market capitalization is given in 

Indian Rupee Billion.  The test statistic is the Kolmogrov-Smirnov test statistic for normality of the return 

series for a significance level of 10%.   

 Variable 
Average 

Market cap 

Mean 

Return 

Std. 

Dev. 
Skewness Kurtosis Test Statistic 

Portfolio 1 757.7988 0.0342 0.3245 6.16696 59.9114 0.256 

Portfolio 2 153.7983 0.0257 0.1424 2.3441 10.6222 0.155 

Portfolio 3 77.7109 0.0306 0.1292 1.0769 3.6458 0.079 

Portfolio 4 51.1562 0.0367 0.1382 1.8344 10.8454 0.126 

Portfolio 5 21.2809 0.0555 0.1360 0.9184 1.8240 0.095 

Market  0.0016 0.0962 0.4110 0.9568 0.063 

Note: The test statistic more than 0.10 depicts rejection of normality 

 

Table 3: Autocorrelation and Ljung-Box Q statistics 

This table presents the Autocorrelation coefficients at various lags and the Ljung-Box Q statistics are 

presented in parentheses.  The statistics that are significant at 10% level are marked with *. 

Variable ρ1 ρ2 ρ3 ρ4 ρ12 ρ24 

Portfolio 1 
0.0661 

[0.4238] 

-0.1644 

[0.0994]* 

-0.1330 

[0.0646]* 

0.0138 

[0.1224] 

-0.0117 

[0.0434]* 

-0.0081 

[0.2762] 

Portfolio 2 
0.2245 

[0.0066]* 

-0.0353 

[0.0230]* 

-0.1057 

[0.0267]* 

-0.0996 

[0.0303]* 

-0.0527 

[0.0019]* 

0.0487 

[0.0001]* 

Portfolio 3 
0.1567 

[0.0582]* 

-0.0009 

[0.1663] 

0.0124 

[0.3066]* 

-0.1498 

[0.1378] 

-0.0557 

[0.1137] 

-0.0201 

[0.1664] 

Portfolio 4 
0.1232 

[0.1365] 

-0.0382 

[0.2964] 

-0.0086 

[0.4856] 

-0.0614 

[0.5568] 

-0.0839 

[0.1342] 

0.0449 

[0.3383] 

Portfolio 5 
0.1755 

[0.0338]* 

0.0609 

[0.0801]* 

-0.0138 

[0.1663] 

-0.1006 

[0.1593] 

-0.0544 

[0.6788] 

-0.0055 

[0.6218] 

Market 
0.1404 

[0.0896]* 

0.0311 

[0.2206] 

-0.1350 

[0.1259] 

-0.1652 

[0.0440]* 

0.0258 

[0.0076]* 

0.0519 

[0.0002]* 

 

 

 



 

Table 4: Correlation between portfolio returns and Instrumental Variables 

Panel A: Correlation between portfolio returns 

Variable 

 
P1 P2 P3 P4 P5 

P1 - 0.7195 0.5558 0.3578 0.3566 

P2  - 0.8742 0.7628 0.7127 

P3   - 0.8363 0.8146 

P4    - 0.8488 

P5     - 

Market Proxy 0.5040 0.7847 0.8265 0.8092 0.7679 

 

Panel B: Correlation between Instrumental Variables 

Variable 

Lagged 

Market 

Return 

Exchange 

Rate change
Term Spread

Market Proxy / 

IIP  

Lagged Market Return - -0.0480 -0.0323 0.0728 

Exchange rate change  - -0.0977 -0.1200 

Term spread   - 0.2843 

Market proxy / IIP    - 

 

Table 5: Predictability of Portfolio Returns 

 

The regressions are based on monthly data from 1990:02 - 2001:12 (143 observations).  The portfolio 

returns are calculated in excess of the short-term risk free rate. T-statistics are given in brackets.  The model 

estimated is: 

 

Rj,t = δj,0  + δj,1 IV1 + δj,2 IV2 + δj,3IV3 + δj,4IV4 

 

The instrumental variables considered are: a constant, the lagged return on the market proxy BSE-National 

index (IV1), the change in USD/Re exchange rate (IV2), the return on holding 10 year GOI bond minus 

the call money market rate (IV3) and the ratio of market proxy (BSE-National Index) to the index of 

industrial production (IV4).  R2 reported is the coefficient of determination adjusted for the degrees of 

freedom. 

 

 

 



 

Variable δ0 δ1 δ2 δ3 δ4 R2 

Portfolio 1 
0.1566 

[1.5671] 

0.3728 

[1.3151] 

-0.0077 

[-0.1924] 

0.7377 

[1.5585] 

-0.0119 

[-1.364] 
0.0053 

Portfolio 2 
0.1338 

[3.1125] 

0.1113 

[0.9128] 

-0.0003 

[-0.0210] 

0.4641 

[2.2789] 

-0.0104 

[-2.7639] 
0.0439 

Portfolio 3 
0.1377 

[3.5216] 

0.1139 

[1.0277] 

-0.0025 

[-0.1617] 

0.2692 

[1.4538] 

-0.0099 

[-2.9147] 
0.0375 

Portfolio 4 
0.1787 

[4.3426] 

0.0291 

[0.2493] 

-0.0057 

[-0.3444] 

0.3694 

[1.8953] 

-0.013 

[-3.6706] 
0.0681 

Portfolio 5 
0.1912 

[4.7259] 

0.1096 

[0.9548] 

-0.0057 

[0.3523] 

0.3701 

[1.9314] 

-0.0126 

[-3.5593] 
0.0663 

Market Proxy 
0.1203 

[4.2781] 

0.0494 

[0.6196] 

-0.0075 

[-0.6651] 

0.2619 

[1.9669] 

-0.0109 

[-4.4457] 
0.1046 

 

The variance of the portfolio returns and the market returns explained by the four instrumental variables 

are reported in Table 5.  Portfolio and market returns are regressed on a constant and the four instrumental 

variables and the regression coefficients and the associated T statistics are reported.   It can be inferred 

from the table that the coefficients for the exchange rate change in the equation are very low and the T 

statistics reported are not significant for all the equations.  However, other variables significantly affect the 

returns.  As already mentioned, increase in instrumental variables only reduce the size and power of the 

tests.  Hence the exchange rate change is omitted from all the analysis that are reported in the later 

sections6.  

5 Empirical Evidence 

For all the models, two statistics are provided for information on the acceptance/rejection of the model 

restrictions.  First, the coefficient of determination reported (R2) for the regression of the model errors on 

the lagged instrumental variables.  For the model's restrictions to be true, the errors should be uncorrleated 

to the lagged instrumental variables.  Higher R2 would mean that the errors are correlated to the lagged 

instrumental variables and hence rejection of the null hypothesis.  The second statistic is the χ2 statistic 

with the degrees of freedom equal to the number of over identifying restrictions under the null hypothesis.  

Here also, higher χ2 statistic means rejection of the model restrictions.   

 

                                                 
6 The inclusion or exclusion of exchange rate as an instrumental variable do not change the results of our model but significantly reduce the size and 

power of the tests.  The results including the exchange rate change are not reported. 

 



 

Apart from this additional information such as average error and average absolute error are also provided.  

If the model fits well the error values would be low.  Besides inferences such as conditional beta, price of 

covariance risk is also provided from the models for further inferences.   

5.1 Conditional CAPM with time varying moments 

Table 6 provides the results of the conditional CAPM where the expected returns, variances and covariance 

are allowed to vary over time.  The R2 values reported in Table 6 are very high and imply rejection of the 

model restrictions.   

The χ2 statistic is provided for the single portfolio testing as well as the multiple portfolio testing.  

For the single portfolio testing, the model's restrictions are rejected for all the portfolios except for 

Portfolio 1.  The average error in general is very high and is more than the average returns for all the 

portfolios.  It is positive for all the portfolios implying that the actual returns are higher than the expected 

returns.  The conditional beta obtained from the model reveals that the returns are not related to the 

conditional beta.  This violates the premise of CAPM, the returns are related only to beta and higher the 

beta the higher the returns.  In fact for portfolio 2 and 3, the conditional betas are negative.  Surprisingly, 

the conditional beta is positive and very high for Portfolio 5.   

When all the five portfolios are tested together, the model is rejected.  By grouping all the portfolios 

together and testing the model, actually we are imposing the same price of covariance risk for all the 

portfolios.  The rejection of the model can be taken as a rejection for same price of covariance risk.  

5.2 Conditional CAPM with constant beta 

The results for this model are provided in Table 7.  The model's restrictions are rejected for Portfolio 1 and 

Portfolio 2 at conventional significance levels.  For smaller stock portfolios, the restrictions could not be 

rejected.  The conditional beta values obtained also seem to have a pattern: the higher the average return 

the higher the beta except for Portfolio 4.  However, the average value of error and the absolute value of 

error are high for this model also.  For example, for Portfolio 5, the value of average error and absolute 

error is 5.8% and 20.7% for an average realized return of 5.5%.   

5.3 Conditional CAPM with constant price of covariance risk 

Table 8 reports the results for the conditional CAPM with constant price of risk.  When tested for the 

portfolios individually, the model could not be rejected for any of the portfolios.  The price of covariance 

risk (λ) estimated also has a clear pattern.  The price of covariance risk is negative for the largest stock 

portfolio and λ increases clearly with the increase in size.  Generally, stocks with higher market 

capitalization are frequently traded and small size could also represent the poor illiquidity of those 

 

 



 

Table 6: Estimates of a Conditional CAPM with Time Varying Expected Returns, Conditional 

Covariances, and Conditional Variances 

Results based on monthly data from 1990:02-2001:12 (143 observations).  The portfolio returns 'r' are 

calculated in excess of the call money rate.  The following system of equations are estimated with the 

Generalized method of moments (GMM): 
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where rm is the excess return on the world portfolio, δ represents the coefficients associated with the 

instrumental variables, u is the forecast error for the portfolio returns, um is the forecast error for the world 

market return and h represents the deviation of the portfolio return from the model's expected return.  

There are three instrumental variables Z that are used in the estimation.  They are lagged market return, the 

difference between the return on holding 10 year GOI bond and call money rate and the ratio of market 

proxy (BSE-national index) to the index for industrial production. 

Portfolio 
Average 

Return 

Average 

Conditional 

betaa 

Average 

Errorb 

Average 

Absolute 

Errorc 

R2 
χ2 

[P-value] 

Portfolio 1 0.0342 1.6241 0.0429 0.1331 -0.0052 
1.8328 

[0.6078] 

Portfolio 2 0.0257 -0.9444 0.0274 0.0924 -0.0283 
10.4578 

[0.0150] 

Portfolio 3 0.0306 -0.3475 0.0368 0.0989 -0.0491 
20.3064 

[0.0001] 

Portfolio 4 0.0367 0.6221 0.0442 0.0979 -0.0616 
23.4094 

[0.0000] 

Portfolio 5 0.0555 1.4388 0.0616 0.1071 -0.0849 
40.3882 

[0.0000] 

All 

Portfolios 
     

50.5345 

[0.0000] 
 

aThe average value of ui x um returns for country i based on single country estimation divided by the 

conditional variance of the market. 
bThe average value of ei for country i based on single country estimation  
cThe average absolute value of ei  for country i based on single country estimation. 
dThe adjusted coefficient of determination from a regression of the model errors (eit) on the instrumental 

variables. 



 

eThe minimized value of the GMM criterion function.  P-value is the probability that a χ2 variate exceeds 

the sample value of the statistic.  For single country system there are 6 parameters and 9 orthogonality 

conditions leaving 3 overidentifying restrictions.  In the multiple equation system there are 18 parameters 

and 33 orthogonality conditions; this implies that there are 15 overidentifying restrictions to be tested.  The 

degrees of freedom in the test statistic correspond to the number of overidentifying restrictions. 

 

Table 7: Estimates of a Conditional CAPM with Time Varying Expected Returns and 

Constant Conditional Betas 

Results based on monthly data from 1990:02-2001:12 (143 observations).  The portfolio returns 'r' are 

calculated in excess of the call money rate.  The following equation is estimated with the Generalized 

method of moments (GMM):  

kt = rt - rmtβ 

where rm is the excess return on the world market portfolio, β is the proportionality coefficient that relates 

the expected market excess return to the expected portfolio return, and k represents the deviations from 

the country returns and the model's expected returns.  Three instrumental variables are used in the 

estimation.  They are lagged market return, the difference between the return on holding 10 year GOI 

bonds and call money market rate and the ratio of the proxy to the market (BSE-National Index) to the 

index for industrial production.   

Portfolio 
Average 

Return  
βj 

Average 

Error 

Average 

Absolute 

Error 

R2 
χ2 

[P-value] 

Portfolio 1 0.0342 
1.422 

(2.078) 
0.0318 0.0848 0.0062 

4.6706 

[0.0967] 

Portfolio 2 0.0257 
0.4958 

(0.8210) 
0.0249 0.0622 -0.0075 

8.0925 

[0.0174] 

Portfolio 3 0.0306 
-0.5131 

(1.2844) 
0.0315 0.1329 -0.0298 

2.6738 

[0.2626] 

Portfolio 4 0.0367 
-0.5508 

(1.3757) 
0.0376 0.1329 -0.0359 

2.9864 

[0.2246] 

Portfolio 5 0.0555 
-1.503 

(1.9821) 
0.0580 0.2071 -0.0386 

3.5827 

[0.1667] 

 
a The average value of kI for country I based on single country estimation. 
b The average absolute value of kI for country I based on single country estimation. 
c The minimized value of the GMM criterion function.  P-value is the probability that χ2 variate exceeds the 

sample value of the statistic.  For single country system, there is one parameter and 3 orthogonality 



 

conditions leaving two overidentifying restrictions.  For multiple equation system there are 4 parameters 

and 18 orthogonality conditions, which implies that 14 overidentifying restrictions are to be tested.  The 

degrees of freedom in the test statistic correspond to the number of overidentifying conditions.   
d The adjusted coefficient of determination from a regression of the model errors (kit) on the instrumental 

variables.   

Table 8: Estimates of a Conditional CAPM with Time Varying Expected Returns and a Constant 

Price of Covariance Risk 

The results are based on data from 1990:02-2001:12 (143 observations).  The portfolio returns r is 

calculated in excess of the short term risk free rate (call money market rate).  Generalized method of 

moments is used to estimate the system: 

ηt = ( )tmt eu = 
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where rm is the excess return on the market proxy, δm values are the coefficients associated with the 

instrumental variables for estimating the market return, um is the forecast error in the conditional mean of 

the world return, and λ is the price of covariance risk.  In the estimation, the price of risk (expected excess 

market return divided by the variance of market return) is held constant through time.  There are three sets 

of instrumental variables used in the estimation.  They are lagged market return, difference between the 

return on holding 10 year GOI bond and the ratio of proxy for market (BSE-National Index) to Industrial 

Production index. 

  Portfolio λj 

Average 

Cond 

Covar.a 

Avg. 

Return 

Avg. 

Errorb 

Avg.  

abs 

Errorc 

R2d 
χ2 

[P-Value]e 

Portfolio 1 -0.4092 0.0164 0.0342 0.0412 0.1357 0.0042 
1.7153 

[0.4241] 

Portfolio 2 
1.5905 

(1.1385) 
0.0094 0.0257 0.0087 0.0856 0.0078 

2.6456 

[0.2663] 

Portfolio 3 
2.3606 

(1.1677) 
0.0084 0.0306 0.0066 0.0898 -0.006 

0.8403 

[0.6569] 

Portfolio 4 
3.2033 

(1.0773) 
0.0082 0.0367 0.0021 0.0844 0.0375 

1.5602 

[0.4583] 

Portfolio 5 
5.9663 

(1.3539) 
0.0054 0.0555 -0.004 0.0926 0.0387 

1.5414 

[0.4626] 

Multiple 

Equation 
      

32.6226 

[0.0033] 



 

aThe average value of ui x um for country i based on single country estimation. 
bThe average value of ei for country i based on single country estimation divided by the average conditional 

variance of the world market return 
cThe average absolute value of ei  for country i based on single country estimation divided by the average 

conditional variance of the market return. 
dThe adjusted coefficient of determination from a regression of the model errors (eit) on the common 

instrumental variables. 
eThe minimized value of the GMM criterion function.  P-value is the probability that a χ2 variate exceeds 

the sample value of the statistic.  For single country system there are 4 parameters and 6 orthogonality 

conditions leaving 2 overidentifying restrictions.  In the multiple equation system there are 4 parameters 

and 18 orthogonality conditions; this implies that there are 14 overidentifying restrictions to be tested.  The 

degrees of freedom in the test statistic correspond to the number of overidentifying restrictions. 

 

stocks.  In that case, we can conjecture that the higher price of risk might be to compensate for the poor 

liquidity.    

However, under the framework of CAPM, all these portfolios should have the same price for 

covariance risk.  It is possible to test for this condition by grouping all the portfolios and testing the model.  

When tested for the group of portfolios, the model is convincingly rejected implying that the price of 

covariance risk is not the same for different size portfolios.  

6 Size and Power of the GMM Tests 

However, the results reported need to be read with caution for two reasons: sample size and presence of 

multiple time varying variables. Sample size of Twelve years data on monthly basis or 143 data points is 

small compared to the western literature where typically three to four years data is used in asset pricing 

tests. Hence it is imperative to test the size of our statistical tests because our empirical models might over 

reject or rejects less often for the given sample size7.  Similarly, in our conditional CAPM with time varying 

moments (eqn.7), the expected returns on the market and portfolios, variances/covariance and the price of 

risk is allowed to vary over time.  In the event of model being rejected, which is incidentally the case in our 

study, we do not know where the model fails.However, tests of two other variants of conditional CAPM 

models presented in Eqn (9) and (13) can be considered statistically more powerful because it restricts one 

of the variables to be constant.  Hence this section is devoted in studying the size and power of our tests.    

The conditional CAPM models we have used have highly non-linear and cross-equation 

restrictions. We follow Ferson and Forester  (1994) and use simulation procedure to estimate the size and 

power of the models tested. They provide a rationale that the GMM is likely to be sensitive to moments in 

the data not matched by the artificial economies. Hence the artificial data is generated by resampling the 

data similar to bootstrapping procedure. By adopting this procedure the essential statistical properties of 

                                                 
7 We thank the anonymous referee for this useful suggestion. 



 

the data is retained. To generate artificial data that satisfy particular conditions, appropriate moment 

restrictions are imposed.   

The procedure we have adapted to generated data for the artificial economies under various 

conditions are described in detail in the Appendix.  Before going to the size and power of the tests, we have 

tested the accuracy of the bootstrapping procedure by checking whether it provides reliable finite sample 

distributions.  For all the three variants of the conditional CAPM model we have used, we generate 1000 

samples of artificial data.  The average fraction exceeding the critical values for χ2 distribution with 

appropriate degrees of freedom is documented.  This gives the idealized true sampling distribution.  Five of 

the idealized data samples are picked at random and their distribution is reported.  For the boot strapping 

procedure to be accurate, the distribution of the samples picked should not vary from the idealized true 

sampling.  Table 9a gives the results.  It is evident from the table that the distributions of the five random 

samples do not vary much from the idealized true sampling.  Hence we proceed to test the size and power 

of the tests.    

6.1 Size of the GMM Tests 

From the Table 9a we can infer the size of the tests.  The fraction of the idealized true sampling 

distribution exceeding the critical values at various significance levels are reported for the three variants of 

the conditional CAPM models.  In general, the conditional CAPM with time varying moments (for the 

single asset system) is rejected too often.  Even in the conventional significance levels such P=0.01, 0.05 

and 0.10 the rejections are 0.06, 0.24, 0.35.  This means the model over rejects six times, five times and 

three times for P=0.01,0.05 and 0.10 respectively.  The rejection of this model for Portfolio 2,3,4 and 5 can 

be attributed to this over rejection.  

For the conditional CAPM with constant beta, the results are much better.  The rejections for 

P=0.01, 0.05 and 0.10 are 0.01, 0.08 and 0.16 respectively.  Over all the performance of this model is 

satisfactory and superior to other models.   The situation is different for the conditional CAPM with 

constant price of risk: The model is slightly under rejected at conventional significance levels.   This could 

also be a reason why the model is accepted for all the portfolios.  

6.2 Statistical power of the Tests   

Having tested the size of our tests, we go ahead by testing the power of our tests.  The statistical power of 

the test is the probability that the null hypothesis will be rejected given that an alternative hypothesis is true.  

For example, to test the statistical power of the conditional CAPM with constant beta (Eqn (9)) against an 

alternative hypothesis of time varying beta, we generate artificial data for time varying beta (as described in 

the appendix) and test whether the constant beta model is rejected.  

The results of the power tests for all the three variants of our conditional CAPM for various 

alternative hypotheses are reported in Table 9b.  The power is computed for tests with size of α = 0.01, 

0.05, 0.10, 0.25 and 0.50.  As reported before, some of our tests reject too often and some under rejects and 



 

hence the critical value of the test statistic needs to be adjusted for the same.  We get an adjusted critical 

value, the value that is exceeded by α fraction of the statistics under each null hypothesis.  Now the 

statistical power of our tests is the fraction of 1000 trials in which a test using the adjusted critical value 

rejects the null hypothesis when the data is generated by a different specification.  

The power of our conditional CAPM model with time varying moments (Eqn 7) is reported 

against two alternative conditions: when the beta is constant and when the price of covariance risk is 

constant.  For both the cases, the power of the model to reject the null hypothesis is very low.  For the 

constant beta model (Eqn 9) the statistical power against the time varying betas and the constant price of 

covariance risk alternative is good.  The conditional CAPM with constant price of covariance risk has good 

power against the time varying price of risk as well as the constant beta model.  Overall, our conditional 

CAPM with time varying moments have very low power against alternatives.  However, conditional CAPM 

with constant beta and conditional CAPM with constant price of covariance risk are powerful to identify 

the data generated from alternative hypotheses.   

On the basis of the size and power tests, we can infer that the results of the conditional CAPM 

with time varying moments (Eqn 7) should not be taken too seriously.  This is  

Table 9: Accuracy of boot strapping procedure and size of the tests 

  Fraction Exceeding critical values 

 0.50 0.25 0.10 0.05 0.025 0.010 

Conditional CAPM with Time varying Moments (N=1, L=3, T=143) 

Idealized true 

sample 
0.782 0.576 0.363 0.229 0.136 0.072 

Experiment 1 0.789 0.585 0.355 0.242 0.134 0.061 

Experiment 2 0.784 0.575 0.357 0.234 0.142 0.077 

Experiment 3 0.777 0.538 0.332 0.220 0.132 0.066 

Experiment 4 0.773 0.561 0.334 0.226 0.135 0.066 

Experiment 5 0.776 0.573 0.343 0.226 0.155 0.073 

Conditional CAPM with constant beta 

Idealized true 

sample 
0.618 0.358 0.164 0.083 0.045 0.020 

Experiment 1 0.629 0.372 0.160 0.081 0.041 0.016 

Experiment 2 0.637 0.384 0.166 0.087 0.046 0.021 

Experiment 3 0.618 0.359 0.168 0.085 0.047 0.015 

Experiment 4 0.635 0.388 0.163 0.085 0.041 0.017 

Experiment 5 0.622 0.351 0.154 0.084 0.044 0.016 

Conditional CAPM with Constant Price of covariance risk 



 

  Fraction Exceeding critical values 

 0.50 0.25 0.10 0.05 0.025 0.010 

Idealized true 

sample 
0.397 0.175 0.069 0.038 0.022 0.023 

Experiment 1 0.391 0.173 0.079 0.055 0.033 0.022 

Experiment 2 0.380 0.176 0.072 0.041 0.027 0.012 

Experiment 3 0.397 0.172 0.059 0.033 0.025 0.019 

Experiment 4 0.408 0.178 0.076 0.040 0.026 0.012 

Experiment 5 0.412 0.164 0.056 0.032 0.019 0.013 

 

because the model is rejected too often and it has very low power against alternative hypotheses.  On the 

contrary, the other two models (Eqn 9 and 13) perform well even for the smaller sample size.  There is a 

clear size effect on Indian stocks. The betas of the larger stocks (Portfolio 1 and Portfolio 2) are time 

varying but the betas of small stocks do not vary over time. The price of covariance risk is not the same for 

all the portfolios and it increases with the reduction in size of the portfolios. Higher price of risk for small 

stock portfolios could be because of its relatively poor liquidity and this finding need to be studied further.   

 

Table 9A: Adjusted critical values for various null hypotheses 

 

Actual % rejected at the following significance levels 
Null Hypothesis 

0.50 0.25 0.10 0.05 0.010 

TMM 4.74463 7.25325 10.21480 11.76443 15.51193 

Constant Beta 2.10486 3.70107 5.54865 7.13463 9.72683 

Constant Price 1.07277 2.01340 3.69624 5.46736 10.38978 

 

 



 

Table 9B: Statistical power of the tests 

 

Actual % rejected at the following significance levels 
 

0.50 0.25 0.10 0.05 0.010 

TMM null 

Constant Beta Alt 0.368 0.146 0.044 0.026 0.002 

Constant Price Alt 0.464 0.158 0.034 0.020 0.006 

Constant beta null 

TMM Alt 0.484 0.242 0.106 0.042 0.010 

Time varying beta alt 0.522 0.302 0.138 0.070 0.026 

Constant Price Alt 0.926 0.840 0.684 0.528 0.306 

Constant Price null 

TMM Alt 0.606 0.398 0.196 0.086 0.012 

Time varying price alt 0.854 0.732 0.488 0.272 0.048 

Constant beta Alt 0.616 0.422 0.200 0.092 0.012 

 

7 Conclusion 

We have tested three variants of the conditional CAPM for value weighted size based portfolios for Indian 

stock market. The conditional CAPM with time varying moments is rejected for all the portfolios except 

for the portfolio of largest stocks. This has to be read with caution because this model is rejected too often 

given the sample size and this test lacks power to differentiate alternative hypotheses. The other two 

models, conditional CAPM with constant beta and conditional CAPM with constant price of covariance 

risk perform better for small samples and possess statistical power too. Based on this, we were able to infer 

that the betas of the portfolio comprising large stocks vary over time and the small stock portfolio betas do 

not vary. Also the price of covariance risk is not the same for all the portfolios and is inversely related to 

the size.   
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Appendix 

The Procedure for generating artificial data for various restrictions is explained below. 

Conditional CAPM with constant beta 

1. rmt is regressed on the three instrumental variables (Zt-1) and the coefficients (δm) is obtained.  δmZt-1 

gives the expected market return. 

2. The portfolio returns are regressed on the expected market return δmZt-1 and the coefficient obtained 

(βim) is used as the true beta coefficients for the portfolios. 



 

3. The expected returns for the portfolios are obtained as the product of βim and the expected market 

return δmZt-1. 

4. The forecast errors on the portfolio returns can be obtained using the formula: 

 eit = rit - βim (δmZt-1) for i = 1,2…5 

5. To generate an observation of artificial returns for each data t (t=1,2,….. T), one random integer t* is 

drawn, 1≤t*≥T and the error value at time t from the error series created in the previous step *
te  is 

selected as the error for time t.   

6. The artificial returns are generated using the following formula: 

rit = βim (δmZt-1) + *
te  

7. With the artificial returns generated, the model is estimated using the GMM procedure.  Since the 

iterative GMM procedure is used to test the original data, the same procedure is used for the artificial 

returns. 

8. The steps 5-7 is repeated for a total of 1000 replications. 

 

Conditional CAPM with constant price of risk 

1. rmt is regressed on the three instrumental variables Zt-1 and the coefficients (δm) is obtained.  δmZt-1 

gives the expected market return and (rmt -δmZt-1) gives the value of  umt. 

2. rit is regressed on a constant and the product of the forecast error on the market return and the 

portfolio return (umtrit).  The slope coefficient obtained is the price of covariance risk (λ) is retained as 

the true value of the price of covariance risk to generate artificial data. 

3. The expected returns (artificial) for the portfolios are obtained as (λumtrit) and the forecast error of 

portfolios returns (eit) would be rit - (λumtrit). 

4. Similar to the step 5 described above, one error value ( *
ite ) shall be picked for each time t and the error 

series shall be generated for the whole time period. 

5. The artificial returns would be ( 1
itr ) = (λumtrit) + ( *

ite ) for every t, 1 ≤ t ≥T. 

6. Step 7 and 8 described are repeated. 

 

Conditional CAPM with time varying moments 

1. rmt is regressed on the three instrumental variables Zt-1 and the coefficients (δm) is obtained.  δmZt-1 

gives the expected market return and (rmt -δmZt-1) gives the value of  umt.  Similarly rit is regressed on 

the instrumental variables Zt-1 to obtain the expected return on the portfolios (δi Zt-1) and the forecast 

error uit. 

2. For the single asset system the time varying beta (βi) can be obtained by dividing the covariance of the 

portfolio return with the market return (uitumt) by the variance of the market return (umt)2.   This shall 



 

be used as the true time varying beta for the portfolio to generate artificial data.  However in the case 

of multiple asset system, the restriction that is imposed is that the price of covariance risk is time 

varying but common for all the portfolios.  For that purpose, the true price of covariance risk is 

obtained by taking the ratio of expected market return (δmZt-1) to the variance of the market return 

(umt)2.   The artificial returns for the portfolios shall be obtained using the price of covariance risk. 

3. The pricing error of the model (hit), is obtained by taking the difference between   (δi Zt-1) and βi ( 

δmZt-1).   

4. The pricing error (hit) and the forecast error for the portfolio returns (eit) is combined to form the total 

error (teit).   

5. One value shall be picked on random from the total error series ( *
itte ) to obtain the total error for every 

time t, 1 ≤ t ≥T. 

6. The artificial returns are generated from the following formula: 
1
itr  = (δi Zt-1) + βi ( δmZt-1) + *

itte  

7. The artificial returns are estimated using GMM and this procedure shall be repeated 1000 times.   

Time varying betas and time varying price of covariance risk 

1. The expected market returns as a linear function of the instrumental variables are obtained as in other 

procedures. 

2. For time varying beta economy, the conditional betas are assumed as the linear functions of the 

instrumental variables say  

βim = γ Zt-1 = constant + γ1 Z1,t-1 + γ2 Z2,t-1 + γ3 Z3,t-1 

3. The coefficients γ is obtained by regressing the asset return on the market index return 

ri, t = (constant + γ1 Z1,t-1 + γ2 Z2,t-1 + γ3 Z3,t-1) rmt 

4. From the coefficients γ and the instrumental variables, the time varying beta is obtained. 

In case of time varying price of covariance risk, the λ is expressed as a linear function of the instrumental 

variables and the rest of the procedure is similar.    

 

 

 

 

 

 

 

 

 

 



 

 


