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ABSTRACT

Using monthly return data during the 1997-2003 period for the Athens stock exchange, we compare the evidence on the APT and the Capital Asset Pricing Model (CAPM) as implemented by market indices and find that the Capm performs better than the APT. Either in the case of APT or Capm, small size portfolios perform better than big size portfolios explaining the variance of stock returns.
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INTRODUCTION
The CAPM is a theory about the way how assets are priced in relation to their risk. CAPM shows that equilibrium rates of return on all risky assets are a function of their covariance with market portfolio. APT is another equilibrium pricing model. The return on any risky asset is seen to be a linear combination of various common factors that affect asset returns.

CAPM is a theoretically pleasing idea; however its biggest criticism is that it is not testable. The APT came out as a testable alternative, but its testability is an open question as well. Some would argue that models should not be judged on the basis of the accuracy of their assumptions, but rather on the basis of their predictive power. 


In one important respect, both models exhibit a similar vulnerability. In both cases we are looking for a benchmark for purposes of comparing the ex-post performance of portfolio manager’s to ex-ante returns on real and financial investments. In the case of the CAPM, we can never determine the extent to which deviations from the security market line benchmark are due to something real or are due to inadequacies from the market portfolio. In the case of the APT, since theory gives us no direction as to the choice of factors, we can not determine whether deviations from an APT benchmark are due to something real or merely due to inadequacies in our choice of factors.


APT is an improved version of the CAPM, but why do we still use CAPM as well? Because, in practice, APT does not work better than CAPM. That happens because of estimation error. APT does not tell us how many factors we should use and it does not tell us what the factors are. The CAPM is a more simple-minded model and the required return is more reasonably accurate. The APT may be more advanced conceptually, but this is cancelled out by the greater estimation error. In practice, the required return we come up with is not more accurate than the CAPM. 


The purpose of this article is to examine if these models work for the Greek stock market. Tests are conducted for a period of seven years (1997-2003), which is characterized by intense return volatility (covering historically high returns for the Greek Stock market as well as significant decrease in asset returns over the examined period). These market return characteristics make it possible to have an empirical investigation of the pricing models on differing financial conditions thus obtaining conclusions under varying stock return volatility.


Existing financial literature on the Athens stock exchange is rather scanty and it is the goal of this study to widen the theoretical analysis of this market by using modern finance theory and to provide useful insights for future analyses of this market.

1. A BRIEF REVIEW OF CAPM AND APT
CAPM should appeal to policymakers. The logic fits intuition, and measurement is simple if not unambiguous. The model is built on the investors’ choice to select a portfolio at time t-1 that produces a stochastic return at t. The model assumes investors are risk averse and, when choosing among portfolios, they care only about the mean and variance of their one-period investment return. As a result, investors choose “mean-variance-efficient” portfolios, in the sense that the portfolios: 1) minimize the variance of portfolio return given expected return, and 2) maximize expected return, given variance. Capm is based on several assumptions which are the following:
· Investors are risk averse individuals and they maximize their expected utility of their end of period wealth. 

· Investors are price takers (no single investor can affect the price of a stock) and have homogenous expectation about asset returns. 

· Investors can borrow or lend money at the risk-free rate of return.
· The quantities of assets are fixed. All assets are marketable and perfectly divisible.
· Asset markets are frictionless and information is costless and simultaneously available to all investors. 

· There are no market imperfections such as taxes, no transaction costs or no restrictions on short selling.


The model is characterized by the descriptive equation
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 the expected return on an asset is a linear function of only one variable, the asset's systematic risk.

That systematic risk can be estimated by applying the market model, 
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Arbitrage pricing theory (APT) is an alternative to CAPM as a theory of equilibrium in the capital market. The foundation of the APT is the assumption that the return on asset i is generated by an underlying set of factors.

APT's appeal to policymakers is not as obvious. Its logic is consistent with intuition, but its measurement is more involved. APT, like CAPM, describes expected return as a linear function of systematic risk but, unlike CAPM, it reflects the possibility that there may be more than one systematic risk factor. In order the model to get linearity of expected return with systematic risk the following assumptions must be made: 

· Each asset has small idiosyncratic variance.
· Each asset has small supply in the economy (at least in the limit).
· There is a portfolio which, up to a constant, mimics factor j 
· Some agent holds a well-diversified portfolio that does not contain any idiosyncratic risk.
· There is no arbitrage (directly or in some asymptotic sense).
· There is Pareto efficiency and/or aggregation.
· There are many assets.
· All assets are in positive supply.

We cannot expect the APT to hold unless sufficiently many of the above assumptions are good approximations. Since these assumptions are reasonable assumptions to make about fundamental traded assets in our economy (e.g., stocks and bonds), the APT can be expected to hold for these assets. However, these are not good assumptions to make about arbitrary portfolios of assets. Consequently, it is an error to apply the APT to arbitrary portfolios.
In APT's descriptive equation,
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The reaction coefficients that characterize an asset, like their CAPM 
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 counterpart, are estimated from a market model, 
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2. TESTABLE HYPOTHESIS OF CAPM AND APT
Empirical work on the CAPM and APT has two broad purposes: (i) to test whether or not the theories should be rejected; (ii) to provide information that can aid financial decisions.

To accomplish (i) tests are conducted in order to examine the validity of the model. The model passes the test if it is not possible to reject the hypothesis that it is true. Hence, the methods of statistical inference need to be applied in order to draw reliable conclusions about just how far the model is supported by the data. Judgements with clear definition can never been drawn in applied work. Tests are almost never as clear as they may seem.


To accomplish (ii), above, the empirical work uses the theory as a vehicle for organising and interpreting the data without deliberately seeking ways of rejecting the theory. One illustration of this approach is found in the area of portfolio decision-making, in particular with regard to the selection of which assets to buy or sell. For example, investors may be advised to buy assets that the CAPM predicts are under-priced and to sell those that the CAPM predicts are overpriced. Empirical analysis is needed to provide a guide - it can never do more than that about which assets fall into the respective categories. A second illustration appears in the field of corporate finance where estimated beta-coefficients in the CAPM are sometimes used in assessing the risk of different investment projects. It is then possible to calculate `hurdle rates' that potential projects must satisfy if they are to be undertaken.
3. PROBLEMS IN THE ESTIMATION OF THE CAPM
The procedure for estimating the intercept and slope in the relation between expected return and market beta is to regress a cross-section of average asset returns on estimates of asset betas. The model predicts that the intercept in these regressions is the risk-free interest rate
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Two problems in these tests quickly became apparent. First, estimates of beta for individual assets are imprecise, creating a measurement error problem when they are used to explain average returns. Second, the regression residuals have common sources of variation, such as industry effects in average returns. Positive correlation in the residuals produces downward bias in the usual ordinary least squares estimates of the standard errors of the cross-section regression slopes.


To improve the precision of estimated betas, researchers such as Blume (1970), Friend and Blume (1970), and Black, Jensen, and Scholes (1972) work with portfolios, rather than individual securities. Since expected returns and market betas combine in the same way in portfolios, if the CAPM explains security returns it also explains portfolio returns. Estimates of beta for diversified portfolios are more precise than estimates for individual securities. Thus, using portfolios in cross-section regressions of average returns on betas reduces the critical errors in variables problem. Grouping, however, shrinks the range of betas and reduces statistical power. To mitigate this problem, researchers sort securities on beta when forming portfolios; the first portfolio contains securities with the lowest betas, and so on, up to the last portfolio with the highest beta assets. This sorting procedure is now standard in empirical tests.


Fama and MacBeth (1973) propose a method for addressing the inference problem caused by correlation of the residuals in cross-section regressions. Instead of estimating a single cross-section regression of average monthly returns on betas, they estimate month-by-month cross-section regressions of monthly returns on betas. The times series means of the monthly slopes and intercepts, along with the standard errors of the means, are then used to test whether the average premium for beta is positive and whether the average return on assets uncorrelated with the market is equal to the average risk-free interest rate. In this approach, the standard errors of the average intercept and slope are determined by the month-to-month variation in the regression coefficients, which fully captures the effects of residual correlation on variation in the regression coefficients, but sidesteps the problem of actually estimating the correlations. The effects of residual correlation are, in effect, captured via repeated sampling of the regression coefficients. This approach has also become standard in the literature.

Roll (1977) argues that the CAPM has never been tested and probably never will be. The problem is that the market portfolio at the heart of the model is theoretically and empirically elusive. It is not theoretically clear which assets (for example, human capital) can legitimately be excluded from the market portfolio, and data availability substantially limits the assets that are included. As a result, tests of the CAPM are forced to use proxies for the market portfolio, in effect testing whether the proxies are on the minimum variance frontier. Roll argues that because the tests use proxies, not the true market portfolio, we learn nothing about the CAPM. We are more pragmatic. The relation between expected return and market beta of the CAPM is just the minimum variance condition that holds in any efficient portfolio, applied to the market portfolio. Thus, if we can find a market proxy that is on the minimum variance frontier, it can be used to describe differences in expected returns, and we would be happy to use it for this purpose. The strong rejections of the CAPM described above, however, say that researchers have not uncovered a reasonable market proxy that is close to the minimum variance frontier.


And, if they are constrained to reasonable proxies, we doubt they ever will. Our pessimism is driven by several empirical results. Stambaugh (1982) tests the CAPM using a range of market portfolios that include, in addition to U.S. common stocks, corporate and government bonds, preferred stocks, real estate, and other consumer durables. He finds that tests of the CAPM are not sensitive to expanding the market proxy beyond common stocks, basically because the volatility of expanded market returns is dominated by the volatility of stock returns. One need not be convinced by Stambaugh’s results since his market proxies are limited to U.S. assets. If international capital markets are open and asset prices conform to an international version of the CAPM, the market portfolio should include international assets. Fama and French (1998) find, however, that betas for a global stock market portfolio cannot explain the high average returns observed around the world on stocks with high book-to- market or high earnings price ratios. A major problem for the CAPM is that portfolios formed by sorting stocks on price ratios produce a wide range of average returns, but the average returns are not positively related to market betas (Lakonishok, Shleifer and Vishny, 1994, Fama and French, 1996, 1998). 


It is, however, always possible that researchers will exchange the CAPM by finding a reasonable proxy for the market portfolio that is on the minimum variance frontier.
4. TESTABILITY OF THE APT
"The APT is testable on subsets of assets." This statement has been widely noted as the reason why the APT is testable and does not suffer from the shortcomings of the CAPM. So the first question that arises is what it means for an asset pricing theory to be testable on subsets.

Before moving to the empirical testing of the APT, it is useful to review what it means to say that the CAPM is not testable on subsets. For the CAPM, knowing the joint distribution of asset returns and the market portfolio weights would comprise essentially complete information, and would allow a test of the CAPM. Since means and covariances are identifiable from the time series, the model can be tested if we know a sequence of returns of the assets and the market portfolio. (Throughout, we will assume that returns are i.i.d. over time or that they change in a way that does not affect identification.) Alternatively, the CAPM is testable if we have a time series of returns for all or a subset of the assets and a time series for the actual market portfolio. However, the CAPM is not testable if we have a time series for a subset of the assets and knowledge of their market portfolio weights, unless we are willing to make very strong assumptions about the relationships among the omitted assets and the included assets (Kandel, 1984). This is the sense in which the CAPM is not testable on subsets.

Now consider the APT. In order for the factor structure in the model to make sense in an identifiable way, it is necessary for each factor to be present in a number of assets, so it will not be mistaken for idiosyncratic noise. In an economy with many assets, this is basically a requirement that one can approximately duplicate the factors with linear combinations of the assets and eigenvalues of more than 1. If this condition holds then the APT is testable on that subset. This result is useful, since this is a property that will be valid on subsets drawn at random from the same population as the original assets. This is a strong sense in which the APT is testable on subsets. 


One final note on testability on subsets is extracting the factor structure from the asset returns. If the factors are estimated from exogenous economic data (as when the factors are macroeconomic variables whose choice is motivated by economic arguments), the APT is always testable on subsets, and pooling assets will still yield an unbiased test (Chen, Roll, and Ross, 1983).
5. EVIDENCE: EMPIRICAL TESTING OF CAPM VERSUS APT
Tests of these equilibrium models are important since they influence how the market is viewed. If either is correct, then that gives a direct influence upon how investment decisions are made and evaluated. For instance, it CAPM is true then it is unnecessary to purchase anything but the market portfolio. Tests of the CAPM are based on prediction that the market portfolio is efficient. But this efficiency has to be judged in the light of information that was available at the points at which investments were made. 
5.1 Sample and Data selection

Our evidence is developed from monthly return data of 100 stocks traded continuously on the Athens stock exchange (ASE) for the period from January 1997 to December 2003. This period was specifically chosen because it is characterized by intense return volatility (covering historically high returns for the Greek Stock market as well as significant decrease in asset returns over the examined period). These market return characteristics make it possible to have an empirical investigation of the pricing models on differing financial conditions thus obtaining conclusions under varying stock return volatility.

The share data has been obtained form the MetaStock and the Athens stock exchange, financial databases widely used in Greece by practitioners and researchers. The price data has been adjusted for capitalization changes such as bonus rights and stock splits. All the selected securities are traded on the ASE on a continuous basis throughout the full Athens stock exchange trading day, and are chosen according to prespecified liquidity criteria set by the ASE Advisory Committee. The selection was made on the basis of the trading volume excluding stocks that were traded irregularly or had small trading volumes. We excluded financial firms because the high leverage that is normal for these firms probably does not have the same meaning as for non financial firms, where high leverage is more likely to indicate distress. The sample companies account for a major portion of market capitalization as well as average trading volume for the Greek stock market. Shares not included in the sample are either thinly traded or do not have accounting and financial information on a continuous basis.


All the selected stocks are included in the formation of the FTSE/ASE 20, FTSE/ASE Mid 40 and FTSE/ASE Small Cap index. These indices are designed to provide real-time measures of the Athens Stock Exchange (ASE).

The above indices are formed subject to the following criteria:

The FTSE/ASE 20 index is the large cap index, containing the 20 largest blue chip companies listed in the ASE.

The FTSE/ASE Mid 40 index is the mid cap index and captures the performance of the next 40 companies in capitalization.

The FTSE/ASE Small Cap index is the small cap index and captures the performance of the next 80 companies.


The calculation of monthly returns is based on the logarithmic change of return of each stock from the current to the last month. 
We estimated CAPM Equation (0.2) each year separately, for all companies traded continuously on the ASE from 1997 through 2003, using monthly return data and the ASE Composite Share Index as a proxy for the market portfolio, in order to calculate the beta of each stock. 

Considering the market portfolio difficulties three different variations were examined before making the final selection. Besides the obvious solution of the application of the Athens composite share index or the most general US stock index the third approach was to select as the “world-portfolio” the aggregate world index created by the Morgan Stanley Capital International (MSCI) as proxy for the market portfolio. The second option of using one of the major American market indices such as the S&P500, Dow Jones Industrial Average (DJIA)or the New York Stock Exchange (NYSE) has been rejected since reliable financial data show that a typical American investor avoids investing into foreign financial markets such as Greece. 

The world portfolio should represent the total market value of all stocks (or bonds or any financial or non-financial instruments) that an investor would own if he or she bought the total of all marketable stocks on all the major stock exchanges. However, the MSCI index is calculated using the Laspeyres’ concept of a weighted arithmetic average. The MSCI calculates individual indices for all represented countries and the average of these by a weighting factor of their market share gives the aggregate world-index. Greece accounts only 2.4% of the weighted value of the index while the 37 securities that were included in the formation of the index are also included in the Athens composite share index.

For all the above reasons many studies examining the Capm, either for Greece or any other relatively small stock exchange, use as a proxy for the market portfolio its general index as a measure that better depicts the trend of the market.

5.2 The estimation of characteristic lines

The 100 stocks were divided into portfolios according to their size as it was calculated at the of June each year. Most firms in Greece have their fiscal year ends on December. So tests did not have to deal with matching the accounting data for all fiscal year ends in every calendar year. Portfolios, rather than individual stocks, were used to reduce the noisiness of the data and minimize the problems. 

The first type of evidence is in what APT and CAPM can explain of the returns used in their estimation. As the single market index factor for CAPM we used the ASE Composite Share Index. To calculate APT factor scores from the monthly returns we used a multifactor pricing model in order to identify which factors best capture systematic return co-variation of the Greek equity returns.


The popularity of factor models has also grown within the investment management industry. They are widely used for portfolio risk optimization. The linkages between equity prices and variables such as money supply, inflation and industrial production are of crucial importance not only in analyzing equity returns, but also in understanding the connections between expected returns and the real economy. From the standpoint of both the academic researcher and the investment practitioner, therefore, it is crucial to be able to identify which factors best capture the systematic components of stock return variation. A central empirical issue, therefore, is which factors best account for the common movements in returns. Since different economies are likely to be idiosyncratic to some degree in selecting the relevant macroeconomic factors our attention is not confined to variables used in previous research on other countries, but rather variables which might have a specific relevance for the Greek stock market and economy. 


The list of candidates for factors is a long one, so a sensible process of elimination is essential. In accordance with the rational expectations and market efficiency hypothesis, the innovations in the macroeconomic series are estimated; the variables included in the return generating process are then selected on the basis of their ability to predict the factor scores estimated using Factor Analysis. The approach is to extract the principal components from the data and apply formal statistical tests to discriminate between the factors (see Appendix for methodology and results). 

The rule for selecting the variables is based on the eigenvalues that exceeds 1. The values in the column initial eigenvalues-total indicate the proportion of each variable's variance that can be explained by the principal components. Variables with values greater than 1 are well represented in the common factor space, while variables with values less than 1 are not well represented (table 7).


In the second column of table 7 (total eigenvalue) we find the variance of the factors that explain the higher percent of the total variance. As it can be seen factor 1 accounts for 26% of the variance, factor 2 for 21%, and so on. The third column contains the cumulative variance extracted. For example, the third factor has a cumulative value of 63.98 meaning that the first three components together account for almost 64% of the total variance. So according to the results of the PCA the macroeconomic variables of oil prices, industrial production and inflation has been selected as the macro-variables for the Arbitrage pricing model.


Having extracted the three factor scores using equation (0.4) we estimate the reaction coefficients of each stock for each year of the examined period from 1997 to 2003. Three factors were specified on the basis of factor analysis. Three is not too many and is likely to be too few, a fact that does not favour APT in a comparative analysis. However, the three factors explain almost 65% of the return variance.


With the APT factor scores and the CAPM market index calculated, we estimated APT and CAPM characteristic lines, Equations (0.2) and (0.4), for each of the 100 stocks for each year from 1997 to 2003. 


In order to diversify away most of the firm-specific part of returns and mitigate the problems that arise from measurement error in beta estimates we formed portfolios based on the size of stocks at the end of June each year from lowest to highest. Another possibility of ranking stocks into portfolios by observed beta or reaction coefficient would introduce selection bias. Stocks with high observed beta (in the highest group) would be more likely to have a positive measurement error in estimating beta. This would introduce a positive bias into beta for high-beta portfolios and would introduce a negative bias into an estimate of the intercept. (Elton and Gruber, 1995). So, for every year 10 portfolios were created comprised of 10 stocks each (10Χ10). Then the average beta and average factor reaction scores are estimated for each portfolio. 

The average R-square for the CAPM characteristic lines was higher than the R-square of the APT lines. These findings indicate evidence that CAPM provides a better description of the return generating process than does APT. With CAPM, almost all portfolios had a fit with a t ratio greater than two. The R-square for the CAPM characteristic line was higher for all the created portfolios of the examined period except from the first year of 1997 (Table 8). These findings are consistent with a conclusion that CAPM provides a better description of the return generating process than does APT 
5.3 Estimates of expected return
For a policymaker to be concerned with APT's challenge to CAPM, the two models must suggest different policy choices. That they can lead to different choices is illustrated by estimates of risk and required return developed with each model for the created portfolios as previously described.

We estimated CAPM Equation (0.2) for all companies in the each year separately from 1997 to 2003 using monthly return data and then each year created portfolios according to the size of stocks that constitute them. To get the expected or required return associated with the level of risk, we used as CAPM the Equation (0.1), the average risk free rate and average Rm the annual equivalent of the average relationship of return to systematic risk for all stocks of the Athens stock exchange.

In summary, the results from CAPM that a policymaker would see are:
	Return/Risk Relationship - EPort=Rf+(Rm-Rf)*Portβ
	Return

	E(R1997) = 0.1429 + (-0.1075) βi
	11.21%

	E(R1998) = 0.1210 + (-0.0698) βi
	8.77%

	E(R1999) = 0.0933 + (-0.0424) βi
	7.26%

	E(R2000) = 0.0720 + (-0.1110) βi
	0.94%

	E(R2001) = 0.0379 + (-0.0559) βi
	-0.39%

	E(R2002) = 0.0294 + (-0.0632) βi
	-1.14%

	E(R2003) = 0.0232 + (-0.0050) βi
	1.96%


More analytically the systematic risk (βi) and required return (E(Ri)) for each portfolio in every examined year are the following: 

	
	Beta1997
	Beta1998
	Beta1999
	Beta2000
	Beta2001
	Beta2002
	Beta2003

	Systematic Risk Port1
	-0.0107
	0.3119
	0.3305
	0.5058
	0.6856
	0.7035
	0.7636

	Systematic Risk Port2
	0.2388
	0.3191
	0.5218
	0.5628
	0.7809
	0.7210
	0.7331

	Systematic Risk Port3
	0.0462
	0.5107
	0.5508
	0.6034
	0.7877
	0.6579
	0.7915

	Systematic Risk Port4
	0.1927
	0.3663
	0.4160
	0.6136
	0.6801
	0.6784
	0.7509

	Systematic Risk Port5
	0.2931
	0.5239
	0.4735
	0.4017
	0.7386
	0.6288
	0.7426

	Systematic Risk Port6
	0.1735
	0.4043
	0.4970
	0.5936
	0.7515
	0.5860
	0.7288

	Systematic Risk Port7
	0.2753
	0.6049
	0.6482
	0.5298
	0.7242
	0.7768
	0.6964

	Systematic Risk Port8
	0.5555
	0.6157
	0.5535
	0.4986
	0.6917
	0.5561
	0.5929

	Systematic Risk Port9
	0.4933
	0.5687
	0.4430
	0.6633
	0.8205
	0.6109
	0.6697

	Systematic Risk Port10
	0.5980
	0.5542
	0.4546
	0.6724
	0.8036
	0.5329
	0.6484


	Required Return=Rf+(Rm-Rf)*Portβ
	1997
	1998
	1999
	2000
	2001
	2002
	2003

	Required Return Port1
	14.40%
	9.93%
	7.93%
	1.59%
	-0.05%
	-1.51%
	1.94%

	Required Return Port2
	11.72%
	9.88%
	7.12%
	0.95%
	-0.58%
	-1.62%
	1.95%

	Required Return Port3
	13.79%
	8.54%
	7.00%
	0.50%
	-0.62%
	-1.22%
	1.92%

	Required Return Port4
	12.21%
	9.55%
	7.57%
	0.39%
	-0.02%
	-1.35%
	1.94%

	Required Return Port5
	11.13%
	8.45%
	7.33%
	2.74%
	-0.34%
	-1.04%
	1.95%

	Required Return Port6
	12.42%
	9.28%
	7.23%
	0.61%
	-0.41%
	-0.77%
	1.96%

	Required Return Port7
	11.32%
	7.88%
	6.59%
	1.32%
	-0.26%
	-1.97%
	1.97%

	Required Return Port8
	8.31%
	7.80%
	6.99%
	1.67%
	-0.08%
	-0.58%
	2.02%

	Required Return Port9
	8.98%
	8.13%
	7.45%
	-0.16%
	-0.80%
	-0.93%
	1.99%

	Required Return Port10
	7.86%
	8.23%
	7.41%
	-0.26%
	-0.71%
	-0.43%
	2.00%


A useful conclusion in this part of the study is that low capitalisation portfolios provide better returns than portfolios that are comprised of big size stocks. Small and mid size portfolios show less systematic risk providing us with higher returns for all the examined period from 1997 to 2003.

We made estimates with APT using the same data. All stocks continuously traded on the ASE from 1997 to 2003. Portfolio returns analyzed to produce monthly scores for three factors. The monthly returns were regressed on these monthly factor scores to obtain the sensitivity coefficients that is called for in APT Equation (0.3). This APT analysis provides a policymaker with information that is similar in character to but different in substance from that provided by CAPM.
	Eport=Rf+Oilprβ1+Indprβ2+Infβ3
	Return

	Eport1997=0.1429+(-0.0216)Oilpr+0.2621Indpr+(-0.0552)Inf
	14.40%

	Eport1998=0.1210+(-0.458)Oilpr+0.0920Indpr+0.1366Inf
	12.30%

	Eport1999=0.0933+(-0.0436)Oilpr+(-0.2180)Indpr+(-0.0099)Inf
	8.88%

	Eport2000=0.0720+0.1744Oilpr+0.0064Indpr+(-0.1847)Inf
	6.89%

	Eport2001=0.0379+(-0.2390)Oilpr+(-0.2153)Indpr+(-0.0922)Inf
	4.46%

	Eport2002=0.0294+(-0.5154)Oilpr+(-0.2722)Indpr+(0.1439)Inf
	0.98%

	Eport2003=0.0232+(-0.4166)Oilpr+(-0.2811)Indpr+(-0.5090)Inf
	1.95%


	
	βOil97
	βInd97
	βInf97
	βOil98
	βInd98
	βInf98
	βOil99
	βInd99
	βInf99

	Port1
	-0.2205
	0.1049
	-0.0272
	0.0699
	-0.0224
	0.0430
	-0.0728
	-0.0262
	0.0207

	Port2
	-0.0237
	0.2873
	0.0236
	-0.0270
	0.1194
	0.0984
	0.0572
	-0.2020
	0.0469

	Port3
	0.0100
	0.0390
	0.0669
	0.0888
	0.0466
	0.0670
	-0.0825
	-0.3285
	-0.0166

	Port4
	-0.1227
	0.1819
	0.0691
	-0.0340
	-0.0514
	0.1609
	-0.0324
	-0.3255
	-0.1505

	Port5
	-0.1580
	0.3256
	-0.0135
	-0.0048
	0.2018
	0.1108
	0.1104
	-0.1536
	-0.0385

	Port6
	-0.1297
	0.3555
	-0.0692
	-0.1084
	0.1600
	0.2273
	0.0244
	-0.3636
	0.1296

	Port7
	0.0626
	0.1630
	-0.0691
	-0.1576
	0.0324
	0.1283
	-0.0209
	-0.1647
	-0.0475

	Port8
	0.1980
	0.4489
	-0.1895
	-0.1014
	0.1066
	0.2102
	-0.1243
	-0.1639
	-0.0781

	Port9
	0.0556
	0.2902
	-0.1901
	-0.0437
	0.1495
	0.2689
	-0.0624
	-0.1793
	-0.0078

	Port10
	0.1120
	0.4243
	-0.1528
	-0.1396
	0.1772
	0.0516
	-0.2322
	-0.2730
	0.0430

	
	βOil00
	βInd00
	βInf00
	βOil01
	βInd01
	βinf01
	βOil02
	βInd02
	βInf02

	Port1
	0.1888
	-0.1676
	-0.1347
	-0.2680
	-0.1353
	-0.0532
	-0.5723
	-0.2321
	0.0386

	Port2
	0.1320
	-0.1466
	-0.1518
	-0.2705
	-0.1998
	-0.1162
	-0.5740
	-0.3654
	0.1099

	Port3
	0.1121
	0.0539
	-0.2443
	-0.2368
	-0.2448
	-0.1117
	-0.5273
	-0.2227
	0.0895

	Port4
	0.1555
	0.0495
	-0.1657
	-0.3462
	-0.1817
	0.0404
	-0.5302
	-0.2934
	0.0992

	Port5
	0.2430
	0.0458
	-0.3535
	-0.2089
	-0.1791
	-0.1264
	-0.4882
	-0.3178
	0.0800

	Port6
	0.1654
	0.0680
	-0.2283
	-0.1835
	-0.2972
	-0.0484
	-0.3896
	-0.2476
	0.1367

	Port7
	0.1593
	0.0147
	-0.2008
	-0.1871
	-0.2403
	-0.1700
	-0.5958
	-0.3149
	0.2457

	Port8
	0.1773
	0.0039
	-0.0290
	-0.2923
	-0.1841
	-0.1114
	-0.5369
	-0.3096
	0.2236

	Port9
	0.1739
	0.0747
	-0.1285
	-0.2120
	-0.2579
	-0.1953
	-0.5665
	-0.2331
	0.2248

	Port10
	0.2363
	0.0680
	-0.2109
	-0.1851
	-0.2325
	-0.0299
	-0.3735
	-0.1851
	0.1914

	
	βOil03
	βInd03
	βInf03
	
	
	
	
	
	

	Port1
	-0.5917
	-0.1855
	-0.7503
	
	
	
	
	
	

	Port2
	-0.5410
	-0.2462
	-0.6684
	
	
	
	
	
	

	Port3
	-0.4777
	-0.4519
	-0.4514
	
	
	
	
	
	

	Port4
	-0.4516
	-0.1614
	-0.6735
	
	
	
	
	
	

	Port5
	-0.4805
	-0.4177
	-0.4825
	
	
	
	
	
	

	Port6
	-0.2360
	-0.1932
	-0.3985
	
	
	
	
	
	

	Port7
	-0.3838
	-0.3489
	-0.4315
	
	
	
	
	
	

	Port8
	-0.2355
	-0.2802
	-0.3098
	
	
	
	
	
	

	Port9
	-0.3235
	-0.3142
	-0.4043
	
	
	
	
	
	

	Port10
	-0.4448
	-0.2121
	-0.5201
	
	
	
	
	
	


	Eport=Rf+Oilprβ1+Indprβ2+Infβ3
	1997
	1998
	1999
	2000
	2001
	2002
	2003

	Required Return Port1
	14.07%
	11.88%
	8.70%
	6.80%
	4.51%
	0.77%
	1.79%

	Required Return Port2
	14.44%
	12.22%
	9.56%
	6.89%
	4.52%
	0.70%
	1.84%

	Required Return Port3
	14.35%
	11.81%
	8.52%
	6.98%
	4.46%
	0.95%
	1.92%

	Required Return Port4
	14.27%
	12.28%
	9.22%
	6.94%
	4.75%
	0.90%
	1.89%

	Required Return Port5
	14.29%
	12.13%
	10.20%
	6.75%
	4.36%
	1.03%
	1.91%

	Required Return Port6
	14.32%
	12.53%
	9.02%
	6.92%
	4.35%
	1.44%
	2.08%

	Required Return Port7
	14.44%
	12.69%
	9.18%
	6.91%
	4.31%
	0.69%
	1.98%

	Required Return Port8
	14.73%
	12.51%
	8.43%
	6.93%
	4.58%
	0.90%
	2.10%

	Required Return Port9
	14.46%
	12.32%
	8.75%
	6.94%
	4.38%
	0.84%
	2.02%

	Required Return Port10
	14.62%
	12.58%
	7.24%
	6.82%
	4.34%
	1.55%
	1.93%


APT provides us with the same results as previously for the Capm where small and mid size portfolios show less systematic risk providing us with higher returns for all the examined period from 1997 to 2003.

The two models produce very different results from 1997 to 2003. CAPM indicates that the portfolios created according to size provide better return opportunities than portfolios created according to APT. We believe the Capm finding is the better policy guide.

	 
	1997
	1998
	1999
	2000
	2001
	2002
	2003

	CAPM
	11.21%
	8.77%
	7.26%
	0.94%
	-0.39%
	-1.14%
	1.96%

	APT
	14.40%
	12.30%
	8.88%
	6.89%
	4.46%
	0.98%
	1.95%

	MeanRm
	3.53%
	5.12%
	5.09%
	-3.90%
	-1.80%
	-3.39%
	1.82%

	Variance Rm 
	1.23%
	2.67%
	0.27%
	0.80%
	0.91%
	0.33%
	0.46%


The average mean values for the Capm and APT return/risk equations indicate that Capm provide us with higher returns explaining much of the variance of the return of the market.
6. CONCLUSION
For a policymaker to be concerned with APT's challenge to CAPM, the two models must suggest different policy choices. 


In our study low capitalisation portfolios provide better returns than portfolios that are comprised of big size stocks. Small and mid size portfolios show less systematic risk providing us with higher returns for all the examined period from 1997 to 2003. The average mean values for the Capm and APT return/risk equations indicate that Capm provide us with higher returns explaining much of the variance of the return of the market.

It is clear from all of our discussion that conceptually APT is an improved version of the CAPM, but why do we still use CAPM as well? Because, in practise, APT does not work better than CAPM. That happens because of estimation error. APT does not tell us how many factors we should use and it does not tell us what the factors are.

The CAPM is more simple-minded model but we can estimate βi and RM a lot more precisely, so the required return is reasonably accurate. The APT may be more advanced conceptually, but this is cancelled out by the greater estimation error. In practise, the required return we come up with is not more accurate than the CAPM.

The CAPM is simpler to understand, easier to use. The APT is more difficult to understand much harder to use. APT is rarely used for computing required return, but it has useful applications in investment management.


Based on the empirical evidence gathered so far, the Capm cannot be rejected in favor of any alternative hypothesis, and performs very well against the APT as implemented by the general index of the Athens stock exchange. Therefore, the Capm is a reasonable model for explaining cross-sectional variation in asset returns. In perspective of the APT, this study can be regarded as a step toward solving the problem of what determines the expected return of assets. There are two, somewhat equivalent, ways to solve that problem: we can make assumptions and produce a theory that specifies which variables should enter the pricing equation and then test it; or, we can examine assets' realized return and determine empirically to which macro variables (suggested by theories) they correspond. The APT is more in the spirit of the second approach.

After seeing both models, we can say that if we choose one against the other, then in each one unfortunately you win some and you lose some. Neither can the two models outperform each other completely. Rather than trying to persuade each other, one is better than the other. We should thoroughly understand their weakness as well as their strengths, so that we will know when and how, which model we can rely on in making financial decision.

Appendix
This section describes the state variables that are used in the empirical analysis for the construction of the APT model. No claim is made that all the macroeconomic variables which influence stock returns are included; however, the variables that are analyzed are of some economic interest and many of them have been widely used in the financial literature (see table 1 for a summary of variables).


The rational expectations and market efficiency assumptions require the identification of changes in the series. Particular attention is paid to the timing of the arrival of information: financial variables are generally measured precisely and can be observed in real time, while information on non-financial variables is often released with substantial delay. Although other hypotheses have been examined, this paper assumes that stock prices are influenced by the announcements about the macroeconomic factors, although the information embedded in the announcement might refer to previous periods.

The macroeconomic factors

a.
Industrial production

The basic series of growth rate for every country is industrial production. Although Greece cannot be characterised as a country with heavy reliance on industry, one sector that affects Greek economy is manufacturing. Thus, for the purpose of the study the index of total manufacturing is used as a proxy for industrial production. This index includes the production on crucial branches of Greek economy like food, tobacco, textile, clothing, leather, wood, paper, chemicals, paper products, non-metallic minerals and basic metals. Monthly data has been used for a period of seven years between January 1997 and December 2003 as announced by the National Statistic Service of Greece.


These figures are released with approximately 35 days of delay: for example, the data on the level of industrial production in January is released around the end of February. Given such delays, one has to consider how to model the relation between news on industrial production and equity returns. In this paper the hypothesis is made that stock market returns are influenced by the announcement of the most recent figures on industrial production, although they refer to month t-1. This implies, for example, that in March investors formulate their investment decisions on the basis of the news of February for industrial production.


If IP denotes the rate of industrial production in month then the monthly growth of industrial production is given by: 


[image: image34.wmf]1

lnln

tt

IPIPIP

-

D=-


 MACROBUTTON MTPlaceRef \* MERGEFORMAT (0.5)

b.
Inflation

The expected value of firms’ future cash flows might be influenced by revisions in expected inflation, if inflation has real effects among different sectors of the economy thus different effects on share prices. 


The inflation rate is calculated as the monthly logarithmic change in the consumer price index which value for each calendar month is released by the National Statistic Service of Greece.
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c.
Interest rates

Under rather general assumptions, the term structure of interest rates is related to the expected growth rates of GNP. The intuition is straightforward. If future output is expected to be high, individuals attempt to borrow against the expected future production, thereby bidding up interest rates. Shifts in the slope of the term structure and changes in the spread between the bank lending rate paid by high and low-quality borrowers might be considered as a proxy for the default risk premium.

C1)
Term structure 

The change in the slope of the term structure has been proxied with the monthly logarithmic rate of return on long term bonds, measured by the difference between the holding period return on a portfolio of long-term government bonds in month t (LGBt) minus the yield on short-term Treasury bills of the same month in relation to the return of this portfolio achieved in the previous month. For the purpose of the study as a proxy for the LGBt has been used the 10 year government bond while the 3 month Treasury bill has been used as a proxy for the SRBt. The following equation has been used: 
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C2)
 Risk premia

In Chen, Roll and Ross (1986) the impact of changes in risk premia on equity returns has been captured using the difference between the return on government bonds and that of low grade bond portfolios. Unfortunately, in Greece there are no data on corporate bonds or on company grading. Data on bank lending rates were therefore employed: the first indicator which has been calculated is the difference in the spread between the minimum bank lending rate in month t (MINBRt) and the average bank lending rate of the same month (AVEBRt). The second indicator is the difference in the spread between the minimum bank lending rate in month t-1 (MINBRt-1) and the average bank lending rate of the same month (AVEBRt-1). Finally the monthly logarithmic rate between the current and past month has been calculated using the following equation: 


[image: image37.wmf]11

ln()ln()

tttt

RISKPRAVERLRMINLRAVERLRMINLR

--

D=---


 MACROBUTTON MTPlaceRef \* MERGEFORMAT (0.8)

A change in RISKPR can be interpreted as a shift in the degree of risk aversion which is implicit in the discount applied to future cash flows.
d.
 Exchange rates 

The proxy which has been used to capture the effect of changes in exchange rates on stock returns is the rate of change in drachma/US (using ECU as a measure of exchange rate for drachma) and after the year of 2000 the exchange rate of Euro/US dollar.
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The decision to use the US dollar exchange rate is motivated mainly by the fact that the US dollar was the most important currency in terms of its relevance for Greek international trade and not part of the EMS, so that its fluctuations should reflect market forces more accurately than other exchange rates included in the EMS.
e)
 Oil Prices

It is often argued that oil prices must be included in any list of the systematic factors that influence stock market returns and pricing. For the purpose of the study using as a proxy for oil prices the price of UK Brent oil, each month the logarithmic change was estimated using the following equation: 
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Statistical characteristics of the macro variables

Table 2 shows the descriptive statistics of the macro series used in the study and Table 3 shows the correlation coefficients among the macroeconomic factors. The correlations among the macroeconomic variables are generally small.

All the above variables have been tested for stationarity using the so-called autocorrelation function (ACF). The results (table 4) indicate that since the AC's are not significantly positive, in fact they are negative, and the AC(k) do dies off geometrically with increasing lag k, it is a sign that the series do not obey a low-order autoregressive (AR) process. In addition, since the partial autocorrelation (PAC) is not significantly positive at lag 1 and not close to zero thereafter, the pattern of autocorrelation cannot be captured by an autoregression of order one (i.e., AR(1)). The findings do not indicate that the derived series violate the criterion for stationarity and provides strong evidence that the examined series are stationary.

The same results, for the non-stationarity of the derived series, are obtained when tests are conducted with the augmented Dickey-Fuller test (table 5). The computed absolute values of the t statistics of the ADF test exceed the McKinnon critical values, so the hypothesis that the series are stationary cannot be rejected. Additionally all Durbin Watson values are very close or greater than 2 indicating no evidence for autocorrelation

The selection of the macroeconomic variables

The final selection of the variables has been based on their ability to explain the estimated factor scores using Factor Analysis. The main applications of factor analytic techniques are: (1) to reduce the number of variables and (2) to detect structure in the relationships between variables, that is to classify variables. Therefore, factor analysis is applied as a data reduction or structure detection method at the six variables that have been previously selected. The factor analysis, where we look for the factors is called explorative factor analysis. Explorative factor analysis has been conducted using the SPSS data analysis programme. 

All the necessary criteria, such as correlations between the variables under 0.9 (Table 3), the Kaiser-Meyer-Olkin (MSA) value above the requirement of 0.50 and the ratio of cases to variables higher than 5 to 1 (Table 6), comply with the requirements for proceeding to factor analysis. 

The rule for selecting the variables is based on the eigenvalues that exceeds 1. The values in the column initial eigenvalues-total indicate the proportion of each variable's variance that can be explained by the principal components. Variables’ values greater than 1 are well represented in the common factor space, while variables with values less than 1 are not well represented (table 7).

In the second column of table 7 (total eigenvalue) we find the variance of the factors that explain the higher percent of the total variance. As it can be seen factor 1 accounts for 26% of the variance, factor 2 for 21%, and so on. The third column contains the cumulative variance extracted. For example, the third factor has a cumulative value of 63.98 meaning that the first three components together account for almost 64% of the total variance. So according to the results of the PCA the macroeconomic variables of oil prices, industrial production and inflation has been selected as the macro-variables for the Arbitrage pricing model.
 Table 1: Glossary and Definitions 
	
	Basic Series (monthly)

	Symbol
	Variable
	Proxy or Source

	IP
	Industrial Production
	Index of total manufacturing

	INF
	Inflation
	Consumer price index

	LGB
	Long term government bond
	10 year government bond

	SRB
	Short term Treasury bill
	3 month Treasury bill

	TERSTR
	Term structure
	The difference between LGB and SRB

	MINBR
	Minimum bank lending
	National Statistic Service of Greece.

	AVEBR
	Average bank lending rate
	National Statistic Service of Greece.

	RISKPR
	Risk premia
	The difference between MINBR and AVEBR

	SX
	Exchange rate
	The exchange rate of USD dollar versus Greek drachma and Euro

	OILG
	Oil price
	UK Brent oil

	Symbol
	Derived Series
	Equation used

	ΔIP
	Monthly growth of industrial production
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	ΔINF
	Monthly change in the consumer price index
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	ΔTERSTR
	Monthly change in the term structure
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	ΔRISKPR
	Monthly change in the risk premia
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	ΔEXRUSD
	Monthly change in the exchange rate
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	ΔOILPR
	Monthly change in oil prices
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Table 2: Summary statistics of the macroeconomic factors
	
	EXRA
	INDPR
	INF
	OILPR
	RISKPR
	TERSTR

	 Mean
	-0.000238
	 0.001905
	-0.000952
	 0.007857
	-0.027500
	 0.002262

	 Median
	 0.000000
	 0.010000
	 0.000000
	 0.020000
	 0.000000
	 0.000000

	 Maximum
	 0.150000
	 3.370000
	 0.020000
	 0.200000
	 2.300000
	 1.800000

	 Minimum
	-0.110000
	-3.370000
	-0.300000
	-0.250000
	-2.300000
	-2.280000

	 Std. Dev.
	 0.034044
	 0.532753
	 0.034836
	 0.087068
	 0.751373
	 0.648705

	 Skewness
	 1.013951
	-0.009291
	-7.640265
	-0.456433
	-0.110115
	-0.361671

	 Kurtosis
	 7.360598
	 39.05247
	 66.25236
	 3.700520
	 3.913891
	 5.299409

	
	
	
	
	
	
	

	 Jarque-Bera
	 80.94520
	 4549.233
	 14820.24
	 4.634181
	 3.092944
	 20.33678

	 Probability
	 0.000000
	 0.000000
	 0.000000
	 0.098560
	 0.212998
	 0.000038

	
	
	
	
	
	
	

	 Observations
	84
	84
	84
	84
	84
	84


Table 3: Correlation matrix of the macroeconomic factors

	
	EXRA
	INDPR
	INF
	OILPR
	RISKPR
	TERSTR

	EXRA
	1.0000
	-0.0647
	-0.0002
	-0.1575
	-0.1786
	-0.0241

	INDPR
	-0.0647
	1.0000
	0.0670
	0.0367
	-0.0165
	-0.1589

	INF
	-0.0002
	0.0670
	1.0000
	-0.1067
	0.2312
	0.2659

	MG
	0.0360
	0.0290
	0.0363
	0.0000
	0.0990
	0.0830

	OILPR
	-0.1575
	0.0367
	-0.1067
	1.0000
	0.1363
	0.0866

	RISKPR
	-0.1786
	-0.0165
	0.2312
	0.1363
	1.0000
	0.2385

	TERSTR
	-0.0241
	-0.1589
	0.2659
	0.0866
	0.2385
	1.0000


Table 4: Correlogram of the derived variables

	
	EXRA
	INPR
	INF
	OILPR

	Lags
	AC 
	 PAC
	 Q-Stat
	AC 
	 PAC
	 Q-Stat
	AC 
	 PAC
	 Q-Stat
	AC 
	 PAC
	 Q-Stat

	1
	-0.09
	-0.09
	0.69
	-0.50
	-0.50
	21.63
	0.01
	0.01
	0.02
	0.03
	0.03
	0.07

	2
	0.02
	0.01
	0.71
	-0.01
	-0.34
	21.63
	-0.10
	-0.10
	0.87
	-0.10
	-0.11
	1.02

	3
	-0.04
	-0.04
	0.85
	-0.01
	-0.27
	21.64
	-0.04
	-0.04
	1.01
	0.01
	0.02
	1.03

	4
	0.01
	0.00
	0.86
	0.00
	-0.24
	21.64
	-0.10
	-0.11
	1.84
	0.08
	0.07
	1.64

	5
	-0.05
	-0.05
	1.08
	0.03
	-0.17
	21.70
	0.01
	0.00
	1.85
	-0.03
	-0.03
	1.70

	6
	0.12
	0.11
	2.46
	-0.01
	-0.15
	21.71
	0.19
	0.17
	5.13
	0.02
	0.04
	1.74

	7
	0.03
	0.05
	2.54
	0.00
	-0.13
	21.71
	0.01
	0.00
	5.14
	-0.03
	-0.04
	1.80

	8
	0.07
	0.07
	2.95
	0.02
	-0.08
	21.75
	-0.09
	-0.07
	5.91
	0.02
	0.02
	1.83

	9
	-0.02
	0.00
	2.98
	-0.01
	-0.05
	21.76
	-0.07
	-0.05
	6.32
	-0.09
	-0.09
	2.59

	10
	0.05
	0.04
	3.17
	-0.02
	-0.06
	21.79
	-0.09
	-0.07
	7.11
	0.08
	0.09
	3.24

	11
	0.05
	0.08
	3.42
	-0.06
	-0.18
	22.13
	-0.02
	-0.04
	7.15
	0.04
	0.02
	3.36

	12
	-0.04
	-0.05
	3.61
	0.11
	-0.07
	23.39
	0.13
	0.07
	8.72
	-0.01
	0.01
	3.37

	13
	-0.03
	-0.04
	3.67
	-0.04
	-0.05
	23.53
	-0.02
	-0.04
	8.75
	-0.16
	-0.14
	5.87

	14
	0.00
	-0.02
	3.67
	-0.03
	-0.08
	23.60
	-0.09
	-0.06
	9.52
	0.05
	0.04
	6.08

	15
	0.02
	0.01
	3.70
	0.00
	-0.10
	23.60
	-0.04
	-0.03
	9.70
	-0.14
	-0.18
	8.14

	16
	0.03
	0.02
	3.81
	0.01
	-0.10
	23.60
	-0.09
	-0.07
	10.51
	-0.04
	-0.02
	8.29

	17
	0.02
	0.00
	3.86
	0.02
	-0.09
	23.63
	0.00
	-0.01
	10.51
	-0.12
	-0.14
	9.95

	18
	0.04
	0.04
	4.04
	-0.02
	-0.10
	23.68
	0.16
	0.10
	13.35
	0.02
	0.02
	10.01

	19
	-0.05
	-0.04
	4.32
	0.02
	-0.08
	23.71
	0.00
	-0.01
	13.35
	-0.02
	-0.02
	10.05

	20
	-0.07
	-0.07
	4.79
	0.01
	-0.05
	23.73
	-0.08
	-0.05
	14.05
	-0.06
	-0.07
	10.49

	21
	0.02
	0.01
	4.82
	-0.01
	-0.02
	23.73
	-0.07
	-0.05
	14.53
	-0.10
	-0.08
	11.55

	22
	0.01
	0.00
	4.83
	-0.01
	-0.01
	23.74
	-0.11
	-0.09
	15.95
	0.09
	0.05
	12.56

	23
	0.01
	0.01
	4.85
	-0.07
	-0.14
	24.39
	0.01
	-0.02
	15.95
	-0.16
	-0.17
	15.65

	24
	0.05
	0.04
	5.13
	0.12
	-0.05
	26.14
	0.10
	0.00
	17.08
	0.05
	0.07
	15.94

	25
	0.01
	0.01
	5.14
	-0.05
	-0.07
	26.48
	0.00
	-0.02
	17.09
	0.07
	0.06
	16.62

	26
	0.04
	0.05
	5.30
	-0.01
	-0.09
	26.49
	-0.07
	-0.05
	17.72
	-0.01
	-0.04
	16.63

	27
	0.04
	0.06
	5.48
	0.01
	-0.10
	26.49
	-0.04
	-0.02
	17.90
	-0.10
	-0.03
	17.82

	28
	0.04
	0.06
	5.70
	0.00
	-0.10
	26.49
	-0.02
	0.01
	17.96
	0.07
	0.01
	18.41

	29
	0.02
	0.03
	5.75
	0.00
	-0.13
	26.49
	0.00
	-0.02
	17.96
	-0.02
	-0.05
	18.45

	30
	-0.03
	-0.02
	5.90
	0.00
	-0.14
	26.49
	0.03
	-0.06
	18.06
	0.04
	-0.01
	18.69

	31
	-0.02
	-0.03
	5.98
	0.01
	-0.15
	26.50
	0.01
	-0.02
	18.06
	-0.04
	-0.02
	18.95

	32
	0.05
	0.02
	6.27
	0.00
	-0.18
	26.50
	-0.01
	0.01
	18.07
	0.00
	-0.08
	18.95

	33
	0.03
	0.02
	6.39
	0.00
	-0.23
	26.50
	0.00
	0.00
	18.07
	0.06
	0.08
	19.39

	34
	0.05
	0.03
	6.80
	0.00
	-0.29
	26.50
	-0.01
	0.00
	18.08
	0.04
	-0.03
	19.58

	35
	-0.03
	-0.04
	6.90
	0.00
	-0.36
	26.50
	0.01
	-0.02
	18.09
	-0.02
	0.00
	19.61

	36
	-0.03
	-0.04
	7.04
	0.00
	-0.60
	26.50
	0.01
	-0.04
	18.11
	0.01
	-0.11
	19.62


Table 4 continues: Correlogram of the derived variables

	
	TERSTR
	RISKPR

	Lags
	AC 
	 PAC
	 Q-Stat
	AC 
	 PAC
	 Q-Stat

	1
	-0.38
	-0.38
	12.78
	-0.39
	-0.39
	13.11

	2
	-0.08
	-0.27
	13.33
	-0.04
	-0.22
	13.22

	3
	0.02
	-0.15
	13.37
	-0.14
	-0.30
	15.07

	4
	-0.15
	-0.29
	15.33
	0.09
	-0.17
	15.75

	5
	0.19
	-0.03
	18.55
	0.01
	-0.12
	15.75

	6
	-0.16
	-0.21
	21.04
	-0.10
	-0.24
	16.58

	7
	0.13
	-0.02
	22.54
	0.26
	0.15
	22.84

	8
	0.01
	-0.02
	22.54
	-0.17
	-0.01
	25.55

	9
	0.00
	0.07
	22.55
	0.10
	0.10
	26.42

	10
	-0.10
	-0.14
	23.57
	-0.17
	-0.03
	29.27

	11
	0.10
	0.09
	24.55
	0.11
	0.00
	30.39

	12
	-0.04
	-0.05
	24.74
	0.06
	0.12
	30.69

	13
	-0.05
	-0.06
	24.99
	-0.09
	-0.02
	31.53

	14
	0.19
	0.13
	28.68
	0.11
	0.09
	32.87

	15
	-0.15
	0.04
	30.89
	-0.17
	-0.08
	36.05

	16
	0.02
	-0.03
	30.95
	0.21
	0.10
	40.58

	17
	-0.02
	0.01
	30.99
	-0.05
	0.20
	40.87

	18
	-0.09
	-0.13
	31.90
	-0.01
	0.07
	40.87

	19
	0.28
	0.19
	40.57
	-0.02
	0.12
	40.91

	20
	-0.18
	0.02
	44.30
	0.03
	0.15
	41.00

	21
	0.01
	0.02
	44.30
	-0.02
	0.03
	41.03

	22
	0.00
	-0.08
	44.31
	-0.01
	0.16
	41.04

	23
	-0.03
	0.02
	44.41
	0.13
	0.17
	43.05

	24
	-0.04
	-0.20
	44.55
	-0.13
	0.06
	45.01

	25
	-0.01
	-0.10
	44.57
	-0.03
	-0.04
	45.16

	26
	0.13
	-0.04
	46.55
	0.12
	0.17
	47.07

	27
	-0.06
	-0.04
	46.94
	0.02
	0.19
	47.11

	28
	0.04
	-0.06
	47.14
	-0.06
	0.08
	47.50

	29
	-0.16
	-0.11
	50.51
	-0.11
	-0.03
	48.94

	30
	0.14
	-0.04
	53.20
	0.11
	-0.04
	50.47

	31
	-0.05
	-0.05
	53.58
	-0.03
	-0.07
	50.62

	32
	0.03
	0.08
	53.71
	-0.04
	-0.18
	50.85

	33
	0.05
	-0.03
	54.06
	0.07
	-0.20
	51.60

	34
	-0.13
	-0.05
	56.56
	-0.04
	-0.40
	51.88

	35
	0.04
	-0.09
	56.85
	0.02
	-0.54
	51.93

	36
	-0.03
	-0.04
	56.99
	-0.01
	-0.82
	51.94


Table 5: Testing the derived series for non-stationarity with the Dickey-Fuller test (DF)

	
	EXRA
	INDPR
	INF
	OILPR
	RISKPR
	TERSTR

	Augmented Dickey-Fuller test statistic
	
	
	
	
	
	

	Test critical values:
	-10.1957
	-15.4600
	-8.8595
	-8.6718
	-13.5070
	-13.4306

	1% level
	-4.0724
	-4.0724
	-4.0724
	-4.0724
	-4.0724
	-4.0724

	5% level 
	-3.4649
	-3.4649
	-3.4649
	-3.4649
	-3.4649
	-3.4649

	10% level
	-3.1590
	-3.1590
	-3.1590
	-3.1590
	-3.1590
	-3.1590

	
	
	
	
	
	
	

	Coefficient
	-1.1574
	-1.4985
	-0.9904
	-0.9693
	-1.3908
	-1.3855

	Std. Error
	0.1135
	0.0969
	0.1118
	0.1118
	0.1030
	0.1032

	
	
	
	
	
	
	

	R-squared 
	0.5652
	0.7492
	0.4952
	0.4846
	0.6952
	0.6928

	Adjusted R-squared 
	0.5544
	0.7430
	0.4826
	0.4717
	0.6876
	0.6851

	S.E of regression 
	0.0329
	0.4704
	0.0354
	0.0886
	0.6339
	0.6092

	Sum of squared residual.
	0.0863
	17.7039
	0.1003
	0.6276
	32.1513
	29.6872

	Log likelihood
	167.2684
	-53.6521
	161.0236
	84.9462
	-78.4138
	-75.1047

	Durbin-Watson stat
	1.9497
	2.3395
	1.9982
	1.9658
	2.1546
	2.2048

	Mean dependent var.
	0.0017
	-0.0004
	0.0000
	0.0000
	0.0014
	0.0001

	S.D. dependent variance
	0.0492
	0.9279
	0.0492
	0.1219
	1.1342
	1.0855

	Akaike info criterion
	-3.9583
	1.3651
	-3.8078
	-1.9746
	1.9618
	1.8820

	Schwarz criterion
	-3.8708
	1.4525
	-3.7204
	-1.8872
	2.0492
	1.9695

	F-statistic
	52.0042
	119.5058
	39.2451
	37.6098
	91.2439
	90.1902

	Prob(F-statistic)
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000


Table 6: Standard requirements for Principal Component Analysis
	Kaiser-Meyer-Olkin Measure of Sampling Adequacy.
	 
	.525

	Bartlett's Test of Sphericity
	Approx. Chi-Square
	24.369


Table 7: The extracted components and their total variance explained
	
	Initial Eigenvalues



	Component
	Total
	% of Variance
	Cumulative %

	OILPR
	1.534
	25.568
	25.568

	INDPR
	1.234
	20.564
	46.132

	INF
	1.071
	17.848
	63.980

	EXRA
	.848
	14.134
	78.114

	TERSTR
	.699
	11.658
	89.772

	RISKPR
	.614
	10.228
	100.000


Extraction Method: Principal Component Analysis.

Table 8: Average R-square values of APT and CAPM of the created portfolios for the examined period from 1997 to 2003
	 
	1997
	1998
	1999
	2000
	2001
	2002
	2003

	CAPM Yearly R-square values
	21.98%
	30.01%
	29.85%
	36.18%
	58.03%
	44.95%
	54.35%

	APT Yearly R-square values
	29.59%
	22.99%
	22.74%
	17.26%
	20.31%
	42.16%
	46.50%

	Variance Gindex
	1.23%
	2.67%
	0.27%
	0.80%
	0.91%
	0.33%
	0.46%
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