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General Introduction 

Introduction 
Since Markowitz (1959) modern asset pricing models try to explain the behavior of stock returns. 

These models are, in general, tested on US stock returns only, due to availability and reliability 

problems of other non-US stock returns. On top of that, small stocks are, in general, rejected for 

the same reasons. Even with today’s high-quality information-gathering companies (e.g. Data-

stream, IBES, Worldscope…), a reliable international stock database where small firms are not 

rejected a priori is not readily available. Therefore, the recent literature mostly does not include 

small firms into their analysis. Motivated by this observation, the first objective of this disserta-

tion is to construct an extensive but reliable international stock database containing as much reli-

able small firms as possible. 

The second objective is to test whether the existing models are appropriate for small stocks and, if 

not, to come up with a new asset pricing model that outperforms the existing models both on US 

and international data. 

Due to technological progress, trading agreements and weakening economic and political frontiers 

(e.g. EMU), we get the impression that international financial markets get more integrated than, 

say, ten years ago. Does this mean that country-specific effects get swallowed by the world econ-

omy and international stock returns are mainly driven by the world factor and sector-specific ef-

fects? Or that differences in excess country-index volatilities can mainly be explained by differ-

ences in sector-mix instead of country-specific aspects? And to what extent is there a link be-

tween the relative importance of country and sector effects and the most effective tool to reduce 

risk. The recent literature comes up with contradictory answers based on different methodologies 

and databases. Motivated by this observation, the third objective of this dissertation is to analyze 

the robustness of the Heston-Rouwenhorst methodology with respect to data and methodological 

issues. 

The fourth objective of this dissertation is to find out to what extent the asset pricing models at 

our disposal can account for country- and sector-specific effects in international stock returns. 

At last, we aim to find a new methodology to compare different CAPMs on equal footing taking 

into account differential power, and apply this procedure on the asset pricing models at our dis-

posal. 
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Famous CAPM-Related Literature 
The first complete development of a model for distributions of security price changes is credited 

to Bachelier (1900). Bachelier’s work went unnoticed, and his model was derived independently, 

but much later, by Osborne (1959). Bachelier and Osborne began by assuming that price changes 

from transaction to transaction in an individual security are drawings from the same distribution. 

In formal terms, this model assumes that successive price changes are independent and identically 

distributed. The model further assumes that transactions are uniformly spread across time. If the 

number of transactions per day, week, or month is large, then price changes across these intervals 

are sums of many independent, identically distributed drawings. The central-limit theorem of 

statistics leads us to expect that the distribution of a sum of independent, identically distributed 

drawings generally approaches a normal distribution as the number of items in the sum is in-

creased. Thus, in the Bachelier-Osborne model, distributions of daily, weekly, and monthly price 

changes are approximately normal. In the same way, one can derive a model for normal returns 

instead of normal price changes. Empirical results show return distributions that are more peaked 

than the normal—that is, they have higher probabilities for values close to the mean—and higher 

probabilities to extreme observations. In the jargon of statistics, we say that return distributions 

are leptokurtic relative to normal distributions. 

Modern asset pricing starts with Markowitz (1959) who shows that the assumption of normal 

returns or quadratic utility implies a two-parameter world in which investors only consider ex-

pected return and the standard deviation of the return. He further proves that if investors are risk-

avers and insatiable—that is, they have a strictly increasing and concave utility function—all 

investors hold efficient portfolios4 and that each such efficient portfolio can be decomposed in 

any two frontier portfolios5 (two-fund separation theorem). Sharpe (1964), Lintner (1965), Mos-

sin (1966) and Black (1972) build further on Markowitz work by taking his two-parameter model 

to an equilibrium world with the extra assumption of homogeneous expectations (i.e. complete 

agreement on the opportunity set6) and the existence of a risk-free asset or zero-β asset. Under 

these assumptions they prove that the market portfolio7 should be mean-variance efficient, which 

mathematically implies that 

                                                 
4 An efficient portfolio is a portfolio that has the property that no other portfolio with the same or higher expected return has 
lower standard deviation of return. 
5 A frontier portfolio is a portfolio that has the property that no other portfolio with the same expected return has lower stan-
dard deviation of return. 
6 Set of expected returns and standard deviations of returns. 
7 Portfolio of all risky assets. 
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Rf is the risk-free rate, Rp the portfolio return and Rm the market portfolio return. This is the fa-

mous Capital Asset Pricing Model. 

An enormous amount of literature presenting empirical evidence on the CAPM has evolved since 

the development of the model in the 1960’s. The early evidence was largely positive, with Black, 

Jensen and Scholes (1972), Fama and MacBeth (1973) and Blume and Friend (1973) all reporting 

evidence consistent with the mean-variance efficiency of the market portfolio. 

Jensen (1968) evaluates the performance of mutual funds by estimating the CAPM for each fund 

p 

 ( ) ( )( )p f p p m fR R R Rα βΕ − = + Ε − . (0.2) 

If αp (the famous Jensen’s Alpha) is significantly larger then zero, the fund performed abnormally 

well—that is, better than the normal risk-return relation in the market. If it is significantly smaller 

then zero, the fund performed abnormally bad. An alpha of zero, means that the individual inves-

tor may have generated the same performance by investing into the market himself. Testing for 

alpha significance is the same as testing whether the opportunity set without the fund is signifi-

cantly different from the opportunity set with the fund—that is, testing whether the ratio of 

maximum Sharpe ratios is significantly different from one. If it is not, then the fund return can be 

spanned by the risk-free asset and the market return. If the ratio is larger than one, than the fund 

asset enlarges the opportunity set by generating a better risk-return relationship than can be of-

fered by the market. 

Merton (1973) noted that the CAPM is only a one-period model with homogeneous expectations. 

That is, the CAPM assumes that investors only live for one period or that the opportunity set does 

not change over time. Stated differently, the CAPM assumes that investors do not worry about the 

future. Merton’s Intertemporal Capital Asset Pricing Model (ICAPM) is a multi-period model, 

that is, investors do care about future opportunity-set changes. Merton’s ICAPM includes state 

variables that forecast the future opportunity set and includes covariances between them and the 

wealth portfolio. In practice, the (unknown) state variables can be included into the CAPM as 

additional risk factors (i.e. returns from zero-investment portfolios) that try to mimic the true (un-

known) state variables. 

 ( ) ( )( ) ...A B
p f p m fR R R R RF RFβ γ δΕ − = Ε − + + + . (0.3) 

Popular empirics-based risk factors are SMB (long small stocks, short large stocks), HML (long 

high book-to-market stocks, short low book-to-market stocks), WML (long short-term winners, 

short short-term losers). 
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In the traditional CAPM, individuals only differ with respect to their risk aversion and they all 

hold the risk-free asset and the market portfolio (two-fund separation in equilibrium). Solnik 

(1974), however, noted that investors from different countries consume different consumption 

bundles at different prices and therefore have heterogeneous expectations with respect to real 

returns8 even if you keep the assumption of homogeneous expectations with respect to nominal 

returns. He assumes that every investor from the same country consumes the same consumption 

bundle and that there is zero-inflation in every country—that is, the domestic-currency price of a 

national consumption bundle is stable. In Solnik’s world, the Relative Purchasing Power Parity9 

(RPPP) does not hold. Therefore, investors are exposed to real exchange risk—that is exchange 

rate changes that are not accordingly offset by inflation-rate differentials—and the distribution of 

the real return depends on the nationality of the investor or investors have heterogeneous expecta-

tions with respect to real returns. With zero-inflation in every country all exchange rate changes 

are “real”. Solnik (1974) then proves three fund separation: Investors hold (i) the domestic risk-

free asset, (ii) the market portfolio of stocks and (iii) a portfolio of foreign riskfree assets (or T-

bills). The corresponding CAPM is 
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with si the i-th exchange rate return. With non-zero inflation (0.4) should be evaluated with real 

returns and real exchange rates. But empirical work of Adler and Dumas (1984) shows that asset 

returns and inflation rates are very weakly correlated, thus, the covariance between nominal re-

turns is empirically a good approximation of the covariance between real returns. Also the vari-

ability of inflation rates is far too low to explain the variability in real exchange rates10 (except in 

periods of hyperinflation), thus, nominal exchange rate returns are a good approximation of real 

exchange rate returns. Therefore it is commonly accepted to evaluate (0.4) in nominal terms even 

in the presence of inflation. 

In the late 1970’s less favorable evidence for the CAPM began to appear in the so-called anoma-

lies11 literature. Early anomalies include the price-earnings-ratio effect and the size effect. Basu 

(1977) first reported the price-earnings-ratio effect. Basu’s finding is that the market portfolio 

appears not to be mean-variance efficient relative to portfolios formed on the basis of the price-

earnings ratios of firms. Firms with low price-earnings ratios have higher sample returns, and 

                                                 
8 “Real” is what you can buy with the returns or how many consumption bundles you can buy with the nominal income. 
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11 i.e. firm characteristics which can be used to group assets together so that the maximum Sharpe ratio of the opportunity set 
that includes the sorted assets is significantly larger than the Sharpe ratio of the market portfolio. Alternatively, the firm 
characteristics encapsulate risks unanticipated by the traditional CAPM, such that investors can earn abnormal returns 
(=positive alphas) just by loading on those firm characteristics. 
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firms with high price-earnings ratios have lower mean returns than would be the case if the mar-

ket portfolio were mean-variance efficient—that is, if CAPM holds. The size effect, which was 

first documented by Banz (1981), is the result that low-market-capitalization firms have higher 

sample mean returns than would be expected if the market portfolio were mean-variance efficient. 

These two anomalies are at least partially related to each other, as the low price-earnings-ratio 

firms tend to be small. 

Fama and French’s (1992) “β is dead” paper shows that even the most basic prediction of the 

Sharpe-Lintner-Black model (CAPM), that average stock returns are positively related to market 

βs, is not supported. They test the CAPM with Fama and MacBeth (1973) regressions. First, they 

regress every stock return on the market portfolio to calculate individual βs (time-series regres-

sion). Second they calculate sorted portfolio returns and their βs and cross-sectionally regress, at 

each time t, those portfolio returns on the cross-section of portfolio βs and some other variable. 

 0 1 2t t t t t t tR x eγ γ β γ= + + + . (0.5) 

(0.5) produces time series of parameter estimates γ0, γ1 and γ2 from which parameter t-test statis-

tics are computed. Under the hypothesis 
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(0.5) reduces to (0.1), the traditional CAPM. However Fama and French (1992) find that γ1 is 

negative which invalidates the CAPM. 

In Fama and French (1993), the CAPM is tested with the GRS-F-test (Gibbons, Ross, Shanken 

(1989)). First, sorted portfolio returns are calculated. Next, each sorted portfolio return is re-

gressed on the market premium and some other variable (time series regressions): 

 ( )ˆˆ ˆp f p p m fR R R R X eα β γ− = + − + + . (0.7) 

(0.7) produces a cross-section of alpha estimators, one for each sorted portfolio. The GRS-F-test 

tests the null hypothesis of zero alphas in one-shot. This GRS-F-test is equivalent to testing for 

equal Sharpe ratios between the opportunity set with and without the sorted portfolios. In other 

words the null hypothesis of zero alphas is equivalent with the null-hypotheses (i) that the Sharpe 

ratios are equal, (ii) that the sorted portfolio’s are spanned by the excess market portfolio return 

and X, (iii) that the sorted portfolios do not extent the opportunity set or (iv) that the sorted portfo-

lios are not source of extra risk diversification. Both Fama and French (1992) and Fama and 

French (1993) find, with different methodologies, that beta cannot explain the difference in return 

between portfolios formed on the basis of the ratio of book value of equity to market value of 

equity. Firms with high book-to-market ratios have higher average returns than predicted by the 

CAPM. The result of Fama and French (1993) is the identification of two extra risk factors or 
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factors of common variation—that is, factor-mimicking portfolios or zero-investment portfolios 

that drive on one risk: first, a size factor (SMB) long in small stocks and short in big stocks, and 

second, a distress factor (HML) long in high book-to-market stocks and short in low book-to-

market stocks. 

Jegadeesh and Titman (1993) show that a portfolio that buys winners and sells losers—based on 

the past returns of stocks—generate significant positive returns over a 3- to 12-month holding 

period. The best results are generated with a holding period and a past performance of six months 

(short-term momentum strategy). Contrarily, DeBondt and Thaler (1985) and Jegadeesh and Tit-

man (1993) find that a portfolio formed by buying stocks whose value has declined in the past 

five years (losers) and selling stocks whose value has risen in the past five years (winners) has a 

higher average return than the CAPM predicts (long-term contrarian strategy). Fama (1991) pro-

vides a good discussion of these and other anomalies. Fama and French (1996a) show that differ-

ent anomalies such as size, earnings/price, cashflow/price, book-to-market, past sales growth, 

long term past performance, disappear in the three-factor model (with market, size and distress 

risk factors). Only short-term past performance remains an anomaly also in the three-factor 

model. 

Carhart (1997) introduces a four-factor model (with market, size, distress and momentum risk 

factors) to evaluate the performance of mutual funds. Daniel et al. (1997) show that premia arise 

from size and book-to-market characteristics rather than from the co-movements of these stocks 

with factors. It are the characteristics, like being large, rather than the covariance with the size 

portfolio, and so on, that appear to explain the cross-sectional variation of stock returns. Fama and 

French (1998) offers an international study of the value premium (or book-to-market anomaly). 

They show that the International CAPM of Solnik cannot explain the book-to-market anomaly but 

the two-factor model with extra HML risk factor can. Rouwenhorst (1999a) analyses the factors 

that drive the cross-sectional differences in stock returns in emerging markets and finds the same 

factors as in developed countries. In Fama and French (2000) it is shown that the value premium 

is robust in time in the US and that the three-factor model explains better the value premium than 

the characteristics model by Daniel et al. (1997). 

The possible explanations of the perceived CAPM anomalies can be categorized in three groups. 

(i) Inefficient markets. Investors overreact on bad (or good) news such that the market 

capitalization falls (or rises) well below (or above) the book value. Afterwards the market capi-

talization restores to a normal level which yields abnormal positive (or negative) returns—i.e. 

relative distress anomaly or long term contrarian anomaly. Information gradually reaches the 

market, which makes successive positive (good news) or negative returns (bad news) possible—

thus generating the short-term momentum anomaly. Investors irrationally dislike small stocks 

which causes abnormally high expected returns for those small stocks. 
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(ii) Spurious results. Although the results in the anomalies literature may signal economi-

cally important deviations from the CAPM, there is little theoretical motivation for the firm char-

acteristics studied in this literature. This opens up the possibility that the evidence against the 

CAPM is overstated. Sample selection biases can arise when data availability leads to certain 

subsets of stocks being excluded from the analysis. For example, Kothari, Shanken and Sloan 

(1995) argue that data requirements for studies looking at book-to-market ratios lead to failing 

stocks being excluded and a resulting survivorship bias. Since failing stocks would be expected to 

have low returns and high book-to-market ratios, the average return of the included high book-to-

market stocks would have an upward bias. Kothari, Shanken and Sloan argue that this bias is 

largely responsible for the results of Fama and French (1992, 1993) called above. However the 

importance of this particular survivorship bias is not fully resolved as Fama and French (1996b) 

dispute the conclusions of Kothari, Shanken and Sloan. Data-snooping biases refer to the biases 

in statistical inferences that result from using information from data to guide subsequent research 

with the same or related data. These biases are almost impossible to avoid due to the non-

experimental nature of economics. We do not have the luxury of running another experiment to 

create a new dataset. Lo and MacKinlay (1990) illustrate the potential magnitude of data-

snooping biases in a test of the Sharpe-Lintner version of the CAPM. They consider the case 

where the characteristics used to group stocks into portfolios (e.g. size or price-earnings ratio) is 

selected not from theory but from previous observations of mean stock returns using related data. 

Comparisons of the null distribution of the test statistic with and without data-snooping suggests 

that the magnitude of the biases can be immense. However, in practice, it is difficult to specify the 

adjustment that should be made for data-snooping. Fama and French (1995) point out that spuri-

ous common variation might be induced when the regressor portfolios SMB and HML are con-

structed from the same stocks as the regressand test portfolios. To avoid this, they provide a test 

where the stocks in the left-hand-side portfolios are different from those on the right-hand side. 

Specifically, they split the data into two equal groups. One group provides the dependent value-

weighted size-B/M test portfolios for the time-series regressions. The other is used to form ex-

planatory factor portfolio returns. They find the same results as before. Roll (1977) emphasizes 

that tests of the CAPM really only reject the mean-variance efficiency of the (bad) proxy of the 

market portfolio and that the model might not be rejected if the return on the true market portfolio 

were used. Unfortunately, because the market portfolio contains all assets (marketable and non-

marketable, e.g. human capital, coins, houses, bonds, stocks, options, land, etc.), it is impossible 

to observe. 

(iii) Rational additional risk factors that represent state variables that investors want to 

hedge (special hedging concern). Consider investors who, as employees, have invested special-

ized human capital in a growth firm or a distressed firm. A negative shock will damage distressed 
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firm. Thus, specialized workers in the distressed firm will not invest in their own company be-

cause of the lack of risk diversification (both money and specialized human capital lost in case of 

bankruptcy). If there is correlation between distressed firms such workers will not invest either in 

these other distressed firms unless they are compensated with an extra distress risk premium. 

Companies in relative distress often have bad future expectations as we often see that low earn-

ings on those assets persist. Investors want extra compensation in order to invest in those dis-

tressed firms. Small stocks often suffer from liquidity problems that can be compensated with an 

extra liquidity risk premium. Also media attention is often low for small stocks and are somewhat 

mysteriously unknown and therefore bear extra information risk. An extra information premium 

could explain the abnormal returns of small stocks. Moreover, small stocks seem to suffer more 

than large caps from negative shocks—more downside risk (Chan and Chen (1988)). 

Outline 
Chapter 1 describes how the international stock database is constructed. Not only the choice of the 

individual stocks but also the screening process to get reliable stock returns, interest rates and 

exchange rates is thoroughly explained. The chapter concludes with some descriptive statistics. 

Chapter 2 replicates the famous Fama and French (1993, 1996) CAPM test based on the new 

stock database with small firms. Gradually, some features of the CAPM test are altered (includ-

ing, crucially, the weight given to smaller stocks) and we show to what extent this influences the 

test results. The chapter searches for missing factors in the standard CAPM and tests a new alter-

native risk factor composition against the standard four-factor CAPM in the ability to explain the 

cross-section of unmanaged portfolios sorted on size, distress and momentum. Tests are elabo-

rated both on US and international data. 

Chapter 3 focuses on the Heston-Rouwenhorst methodology and its robustness with respect to 

sample selection and methodological issues. Is the country-specific volatility robustly larger than 

the sector-specific volatility? Can country-specific effects robustly explain a larger part of the 

excess sector-index variances than sector-specific effects can explain excess country-index vola-

tilities? And can the Heston-Rouwenhorst methodology be linked to international risk diversifica-

tion? With respect to sample selection issues, this chapter explores the influence of time period, 

country coverage (e.g. emerging markets), sector classification and small stocks. With respect to 

methodological issues, the chapter looks at the effects of weighting schemes, exposures and esti-

mation-error correction. This chapter also focuses extensively on the behavior of small firms. 

Chapter 4 underlines the importance of country- and sector-specific effects in international asset 

pricing by showing that the CAPMs at our disposal cannot explain the cross-section of country- 

and sector indices. In this chapter we also explain and apply a new methodology to compare the 
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alphas of different CAPMs on equal footing by equalizing the alpha standard errors and adding 

normal noise to the alpha estimate of the most accurate estimator. We apply this procedure on the 

CAPMs at our disposal on both US and international data. 
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Chapter 1 

Data Description: 

A New Database 

1.1 International Equity Database 
Our aim was to create an international complete and pure equity-list containing as many equity 

quotes as possible and as less multiple listings or derivative quotes as possible.12 

The different “prefabricated” equity lists are: (1) DS-Total Market lists; (2) Worldscope lists; (3) 

IBES lists; (4) DS-Research lists and (5) DS-Dead lists. The DS-Total Market lists only contain 

the +/-80% biggest shares from the specified country. Moreover they incorporate some deriva-

tives but no dead stocks. Worldscope lists contain a larger amount of shares than DS-Total market 

lists. To a small extent they possess also some “desired” dead stocks but also “undesired” deriva-

tive quotes. IBES lists contain more shares than the DS-Total Market lists and no “undesired” 

derivatives. However they do not contain “desired” dead stocks. The DS-Research lists pretend to 

contain all quotes on (all) the exchange(s) of the specified country. This means that a large 

amount of small firms are incorporated that are not available in other equity databases. Unfortu-

nately these lists also contain a lot of derivative quotes and no dead stocks. The DS-Dead lists is 

the “dead-version” of the DS-Research list, containing all dead quotes (stocks quotes and deriva-

tive quotes) on (all) the exchange(s) of the specified country. At first sight the IBES lists appeared 

to be the easiest choice due to the absence of the “undesired” derivative quotes. However, we ran 

onto the problem that the “desired” dead stocks are only available, to a large extent, in the DS-

Dead list that unfortunately is contaminated with a lot of derivative quotes. If we choose to clean 

up the DS-Dead lists, in order to have a large set of dead stocks in our database, we can likewise 

clean up the DS-Research lists and the DS-Dead lists together, leaving us with a giant cleaning 

job but also with a database containing much more alive- and dead stocks (especially small 

stocks) than any other existing equity database. We chose the hard way as will be documented 

further. 

                                                 
12 A download query in Datastream, requires a Datastream list (or LLT-file) that contains a series of unique equity ID-
numbers. Datastream contains a number of “prefabricated” equity lists that can be edited. 
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As our aim is to compose an international database, we chose countries out of non-overlapping 

but world-covering country-groups taking into account data-availability: North America (Canada, 

United States), Latin America (Argentina, Brazil, Chile, Colombia, Mexico, Peru), Japan, Asia-

ex-Japan (China, Hong Kong, India, Indonesia, Malaysia, Philippines, Singapore, South Korea, 

Taiwan, Thailand), Euro-in countries (Austria, Belgium, Finland, France, Germany). 

 

Table 1.1: Incorporated countries 
North America Latin America Japan Asia-ex-Japan Euro-in Euro-out Switzerland Australasia South-Africa 

Canada Argentina Japan China Austria DenmarkSwitzerland Australia South-Africa 
United States Brazil  Hong Kong Belgium Greece  New Zealand  

 Chile  India Finland Norway    
 Colombia  Indonesia France Sweden    
 Mexico  Malaysia Germany UK    
 Peru  Philippines Ireland     
   Singapore Italy     
   South Korea Luxemburg     
   Taiwan Netherlands     
   Thailand Portugal     
    Spain     

 

For each of these 39 countries and EASDAQ we downloaded en merged the two equity-lists (the 

DS-Research list and the DS-Dead list13) to produce 39 country lists. These lists contain for each 

equity a unique ID-number, the equity name, the geographic code of the home country of the 

equity-quote, the begin and end date of the equity quote. 

1.1.1 Cleaning country-by-country 

Both research and dead lists are contaminated with intra-country multiple quotes14 and inter-

country multiple quotes. Because each country has its own specific names and abbreviations for 

its multiple quotes, we start our cleaning job country by country. However, some abbreviations 

are internationally valid, and are eliminated in each country list (using Visual Basic). The interna-

tional valid abbreviations that trigger elimination of the corresponding equity quotes in all country 

lists are documented in the Appendix 1.A. 

Second we look for country-specific abbreviations in the quote names. To accomplish this task 

with the utmost precision and to prevent contamination of our database due to spelling errors by 

Datastream, we analyzed every country database equity-by-equity. 

First we found many quotes with a stock exchange abbreviation in their name. Datastream adds 

the abbreviation of the stock exchange, where the quote is listed, to the name of a quote, if the 

corresponding firm is also listed on another "core"-exchange (where the quote has no exchange 

                                                 
13 For some countries we had to extract the country-DS Dead-list out of the continent-DS Dead-list based on the geographic 
code of the country. 
14 E.g. securities of the same firm but with different voting rights. 



1.1 International Equity Database 29 

 

abbreviation in the quote name). The "core"-exchange is generally the exchange of the home-

country of the company. Eliminating these quotes prevents inter-country multiple listings. 

Second we found two types of country-specific abbreviations that correspond to intra-country 

multiple quotes of the same firm. The “derivative” abbreviations correspond to secondary quotes 

derived from common stock and hence ought to be eliminated (e.g. warrants). The “equivalent” 

abbreviations correspond to quotes equivalent to common stock (e.g. share with different voting 

right). In that case, we eliminate those quotes (all referring to the same firm) with the lesser data 

except if there is a time gap or no excessive time overlap between them. If there is any doubt that 

the quotes refer to the same firm, we compute the correlation matrix and delete the quotes with 

the lesser data if the correlation matrix shows excessive positive correlation from which we may 

conclude that the quotes refer to the same firm. Apart from this, we encountered also some special 

cases. 

The tables in Appendix 1.B contain, for every country, the country-specific exchange abbrevia-

tions, “derivative” abbreviations, “equivalent” abbreviations and special cases that lead to elimi-

nations of the corresponding quotes. 

1.1.2 Cleaning the global merged equity-list 

After cleaning each country’s merged research and dead list, we merge all those cleaned country 

lists to one global equity list. This global list is useful for exercising some control functions, but 

also to clean up some more international contaminations. In order to have some more information 

about the equities we also downloaded the Level 6 sector name and exchange name for all equi-

ties of the global equity list. 

1.1.2.1 International cleaning 

To control for mistakes and to perceive identical ID-numbers across countries, we checked for the 

international valid abbreviations (Appendix 1.A) again on the global list (except ‘b’). 

1.1.2.2 Eliminating XETRA(xet) and SEAQ(xsq) quotes 

XETRA (Germany) and SEAQ (London) are both international stock exchanges for the most 

liquid shares traded on a special electronic platform. However every company listed on one or 

both exchanges is also listed on another “core”-exchange. We had already deleted the quotes with 

the abbreviations “(xet)” and “(xsq)” during the country-by-country analysis, but using the extra 

information in the global list, i.e. name of exchange, we are able to account for Datastream’s neg-

ligence to add “(xet)” or “(xsq)” to some equity names. 
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1.1.2.3 Eliminating most funds and trusts 

As funds invest in companies, leaving (mutual) funds in our global list would cause multiple list-

ings of those firms. First of all, we can eliminate most funds via sector names: "mutual funds", 

"offshore funds", "inv.tst international", "auth. unit trusts", "other S.842 inv. trusts", "split capital 

inv.tst.", "open ended inv. cos.". However, some equity listings are indeed funds but nevertheless, 

the sector name exhibits "n/a", "unclassified", "unquoted equities" or "investment cos". We tried 

to eliminate most funds via abbreviations in the equity name: " fd"," tst", "prtf", "trust", "fund", 

"fds", "idx", "index", "portfolio". Finally we found two companies with a large list of funds 

namely Merrill Lynch and Mgst.DN.Witt. For these we only held the company-equity listing. 

1.1.2.4 Eliminating EASDAQ dual-listings 

As mentioned before we have a separate research list for EASDAQ quotes. In the country-by-

country analysis we eliminated all EASDAQ equities using the abbreviation "(eas)". As EAS-

DAQ, just like NASDAQ, is an exchange for (young) growth companies, it is reasonable that 

companies can be listed on EASDAQ alone. Eliminating all EASDAQ equity would therefore be 

too much. However, it is possible that a company is listed on both EASDAQ and another ex-

change, mostly NASDAQ. So holding all EASDAQ equity causes dual listings. First, we cleaned 

the merged research-dead list of EASDAQ like we did for every country. With the cleaned EAS-

DAQ list at hand, we searched for dual listings in the global list. In case of a dual listing we kept 

the quote with the most data. All single EASDAQ equities are added to the global list.  

1.1.2.5 Eliminating identical firms 

Apart from an identical ID-number, our global list can contain more multiple listings that were 

invisible during the country-by-country analysis. In order to spot international dual listings, we 

first have to define an “identical firm”. With the extra information in the global list we define an 

“identical firm” as an equity quote with the same name, the same geographic code (i.e. same 

home country), the same sector name and a (close to) complete time overlap of data as another 

quote. It is, for example, possible that a company is listed on different exchanges without Data-

stream adding the abbreviation of the exchange name to the equity name. Apart from equity list-

ings with exact the same name, we also accumulated during the country-by-country analysis and 

global list analysis, cases where the equity name is slightly different which can mean a different 

company but also a spelling error of Datastream. If we encounter such a doubtful case we held the 

one with the most information. A complete list of all findings in this respect would be too long. 

But the reader will understand that an analysis based on ID-number, company name, country 

code, sector name, data-time availability and correlation matrix is quite tight. The same procedure 
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is also applied to all EASDAQ shares because often the EASDAQ name is a little bit different 

from the possible dual listing at another (home) exchange. Again a complete list is too long. 

1.1.2.6 Eliminating some sectors 

Investment Companies (077) INVNK = Companies engaged primarily in owning stakes not giv-

ing control in a diversified range of companies that are FTSE index eligible subject to passing the 

relevant entry criteria. 

Other Financial (113) MISFI = Financial holding companies and companies engaged in financial 

activities not specified elsewhere. 

These sectors are eliminated to prevent multiple information of firms quoted on the stock ex-

change and held into portfolios of holdings and investment companies or funds. We also elimi-

nated all quotes with the abbreviations "holding", "hdg" and "hldg". We ran through the list of 

"#N/A"-sector equities and did not find any irregularities. 

1.1.2.7 Some more abbreviations explained and eliminated 

The alphabetic letter following the share names, are the various classes of the share. Depending 

on the market it could be "B" for the Series/Class B share (e.g. Argentina, UK) or "B" for the 

Bearer Share (e.g. Switzerland, Spain). 

Appendix 1.C contains abbreviations of different types of preferred shares and of some derivative 

quotes. These are, of course, all eliminated from the global list. 

1.1.2.8 Special case: expired quotes 

When a quote is expired or will expire in the future, this means that we are considering a deriva-

tive quote which should be deleted from the list. The corresponding abbreviations are "expd", 

"expid", "expire", "expires", "expired", "expy". However, after some investigation, Datastream 

admits that some of these abbreviations ought to be replaced by "delisted" that corresponds to a 

normal dead stock and hence should not be eliminated from the global list. So using the "expd"-

abbreviation as a basis for eliminating derivatives is a bad thing to do in Datastream. Therefore 

we searched for all "expd"-stocks in our research and dead lists and eliminated all real derivatives 

via the various derivative abbreviations and added the resulting clean "expd"-list to our cleaned 

global list, taking into account possible dual listings with other quotes in the global list.  

1.1.3 Security guarantee 

If any doubt, to delete or to hold a quote, can not be resolved, we hold the quote. We never elimi-

nated quotes blindly. We light the quote up if it is a candidate for elimination via certain abbrevia-
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tion in the quote name and then run through the candidate list manually to prevent elimination of 

normal quotes that could have the considered abbreviation as part of their full equity name rather 

as an added abbreviation. 

1.2 Reliable Data 
The resulting equity list contains 44,318 alive and dead equities. However, Datastream keeps a 

dead stock’s last equity price (and any other last observation e.g. book value) “alive” in its re-

cords. This means that although a stock is dead, its last equity price keeps on being quoted every 

day at the same price. For a US stock you observe a constant price, marketcap and book-to-market 

series and a zero-return series. But for a non-US stock you observe the corresponding exchange 

rate fluctuations. Fortunately, Datastream has recorded the dead stock’s last official quoting date. 

Based on that date we were able to cut off the dead stock’s data series. It is not clear what the 

dead stock’s last dollar return is. In case of bankruptcy, the dead stock’s last dollar return lies 

between zero and -100%. In case of a take over or merger, there is no upward boundary. We in-

vestigated the influence of the dead stock’s last dollar return by computing the three main risk 

factors (size, distress and momentum) for two datasets. One with the dead stock’s last dollar re-

turn set equal to -100% and the other equal to 0%. The differences between the average risk factor 

returns for both datasets were negligibly small. Due to the uncertainty about the dead stock’s last 

dollar return and its negligibly small influence on risk factor returns, we decided not to include a 

dead stock’s last dollar return for the month in which the dead stock’s last official quoting date 

lies. 

Inspection of the downloaded total monthly dollar returns (i.e. the percentage change of the total 

dollar return index) for period 1980-1999, showed us some extremely unrealistic returns (max. 

3925771%). Apparently Datastream contains some errors as these kind of returns are simply too 

good to be true and can be very harmful for regression results. We investigated the highest returns 

together with the corresponding price, volume, market value, dividend, book value movements to 

get an idea of what is going on. Eventually we came up with a filtering strategy that eliminates 

most of the unrealistic returns but leaves as much as good returns. The filter strategy eliminates 

small, illiquid and penny stocks. Penny stocks have a large probability to contain errors. They are 

often fallen stocks which are highly speculative and illiquid. Small stocks are also sensitive to 

errors, they have limited liquidity and can be subject to high price pressure or price manipulation. 

Practically this means that an end-of-month price formation of a stock with a marketcap smaller 

than $10,000,000 or a monthly trading volume smaller than $100,000 or a price smaller than $1, 
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is considered unreliable and hence both returns based on this price are eliminated.15 If trading 

volume information is not available, we considered an unchanged monthly price (in local cur-

rency) as a sign of low trading volume and unreliable price-formation and hence both returns 

based on this price are eliminated.16 

After this filtering strategy, we made a summary of the resulting hundred highest returns. We ran 

them through manually in search for errors that slipped through our filters. Where possible, we 

made the appropriate corrections otherwise we eliminated the corresponding data observations. 

The high-return errors we encountered were: (1) comma shifting; (2) an unreliable low first price 

of a series (probably theoretical or illiquid); (3) a high return not corresponding with a high mar-

ketcap or price return or dividend pay-out; (4) a high return occurred before actual introduction 

date; (5) obvious typos; (6) a high return occurred after actual delisting date; (7) wrongly handled 

capital changes: (a) a flowing marketcap with a price pulse that indicates a stock split or reverse 

split; the return should follow the marketcap return but wrongly follows the price pulse; (b) a 

flowing price with a marketcap pulse that indicates a capital change; the return should follow the 

price return but wrongly follows the marketcap pulse (c) a marketcap pulse with price pulse, we 

looked at the corresponding daily data to decide whether the monthly pulses are realistic or not. 

(e.g. ICT-shares). We kept on eliminating obviously and less obviously unreliable returns until 

the resulting hundred highest returns were clean. 

At last we deleted 57 shares with an unknown or unexpected nationality as we do not have corre-

sponding exchange or interest rates. 

Both the downloaded marketcap and book-to-market data is being synchronized with the resulting 

return data. Practically this is done by retaining only those marketcap and book-to-market obser-

vation for which next month’s return exists. That way we avoid that shares with a non-existing 

next month’s return are taken up in portfolios. On top of that, we eliminated the negative book-to-

market observations.17 

                                                 
15 We considered also various other filter strategies such as elimination of all +1000%-returns, two types of decision trees, 
elimination of IPO’s, a three-step filter, a percentage cutoff, cutoffs based on trading volume ratios and a discriminant analy-
sis, but were not satisfactory 
16 By this way, errors in a dead stock’s last official quote date are also cured. 
17 We also considered to eliminate book-to-market observations equal to zero or larger than 200 and to eliminate two years of 
book-to-market observations after a 50% or more drop in the book value (in local currency). But given the applied filter rules 
and common practice (e.g. Fama and French) we did not apply these extra filter rules. 
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1.3 Interest and Exchange Rates 
Remember that we are considering 39 countries. For each country, we have the monthly dollar 

exchange rate return and a monthly risk-free interest rate for the period 1980-1999. 

In general, the monthly dollar exchange rate return is an end-of-month return and originates from 

the IMF CD-ROM.18 Appendix 1.D contains two exceptions. 

In general, the monthly risk-free interest rate is the end-of-month central bank’s discount rate and 

originates from the IMF CD-ROM. Appendix 1.E contains the exceptions. 

                                                 
18 On the IMF CD-ROM, the end-of-month “basic” exchange rates are expressed against SDR (Special Drawing Rights). So 
we needed to convert them to end-of-month dollar exchange rate returns. 
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1.4 Descriptive Statistics 
The stock list contains 44,318 stocks with the following geographical and sectoral distributions: 

Figure 1.1: Geographical distribution of the stock list (in %) 
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Figure 1.2: Sectoral distribution of the stock list (in %) 
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Figure 1.3: Geographical distribution of the market value (in %) 
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Figure 1.4: Sectoral distribution of the market value (in %) 
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For each country, we calculated the monthly equally weighted country-index returns for the pe-

riod 1980-1999 and graphically show the distribution of the mean, standard deviation, skewness 

and kurtosis across those country indices. 
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Figure 1.5: Equally weighted country indices: mean monthly return 
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Figure 1.6: Equally weighted country indices: standard deviation of monthly return 
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Figure 1.7: Equally weighted country indices: skewness of monthly return 
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Figure 1.8: Equally weighted country indices: excess kurtosis of monthly return 
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For each sector, we calculated the monthly equally weighted sector-index returns for the period 

1980-1999 and graphically show the distribution of the mean, standard deviation, skewness and 

kurtosis across those sector indices. 
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Figure 1.9: Equally weighted sector indices: mean monthly return 
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Figure 1.10: Equally weighted sector indices: standard deviation of monthly return 
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Figure 1.11: Equally weighted sector indices: skewness of monthly return 
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Figure 1.12: Equally weighted sector indices: excess kurtosis of monthly return 
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36% of the stocks do not have any book values in the database. The median market value of those 

stocks is $60.93 million whereas the median market value of the other 64%—that do have book 

values—is $135.06 million. So, stocks without book values are primarily smaller stocks and take 

on a significant part of the database. 
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Appendix 1.A: Internationally valid abbrevia-

tions: elimination triggers 
1. Quotes with N/A as name, begin date or end date. These quotes have data problems. 

2. Quotes with the following abbreviations in their name. 

Table 1.2: Internationally valid abbreviations 
Abbreviation Meaning 
adr American Depository Receipt 
'b' Class B share (e.g. Argentina, UK) or Bearer share (e.g. Switzerland, Spain).
cert Certificate 
pref Preferred Share 
(eas) EASDAQ Share19 
pf. Preferred Share 
gdr Global Depository Receipt 
(xsq) SEAQ Share20 
dup. Duplicate Share21 
dupl Duplicate. Share 
% Warrant or Convertible 
$ Warrant or Convertible 
expd Expired Warrant 
expired Expired Warrant 
wts Warrant 

 

3. Quotes with identical ID-numbers: retain one. 

4. Quotes with an end date smaller than the begin date. These quotes have data problems. 

5. One-day quotes or quotes with begin date equal to end date. 

                                                 
19 We have a separate EASDAQ list. To prevent multiple-quotes, we eliminate shares that are quoted on a domestic exchange 
with the "(eas)"-abbreviation in their name which means that they are also quoted on the EASDAQ. NASDAQ is fully incor-
porated in the US list, so no separate NASDAQ list is needed. 
20 This is the London Stock Exchange's service for midcap Official List securities and the most liquid AIM securities. The 
service is based on two-way continuous Market Maker quotes. As every quote on the SEAQ has also a quote on another 
(home) exchange, we delete these quotes in order to prevent multiple quotes. 
21 Datastream abbreviation for multiple listing in the Datastream database. 
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Appendix 1.B: Country specific abbreviations 
Belgium 
Exchange Abbreviation(s) (bru) 
Derivative Abbreviations vvpr, strip, afv, str., em98, em97, div, cap, solvus int 06 600 
Special Cases Spelling Error: Roularta "stipp" should be Roularta "strip" 
Luxemburg 
Exchange Abbreviation(s) (lux) 
Derivative Abbreviations edr, sec b, sec a, bdr 
Argentina 
Derivative Abbreviations 'd' 
Special Cases Data Error: no data available for Disco 
Austria 
Exchange Abbreviation(s) (vie) 
Derivative Abbreviations gsh, vz, /b, em90, gs 5, gs b 
Special Cases Deleted: Hafslund nycomed sr.a nk5 free 
 Deleted: Hafslund nycomed sr.a nk5 '3' 
 Deleted: Lauda ari luftfahrt and Lauda air pc (also listed on US-market) 
Brazil 
Derivative Abbreviations pnb, pnc, pnd 
Equivalent Abbreviations on, pn 
Special Cases Spelling Error: Marcopolo pnb-dead-"depl" see 151152 should be "dupl" 
Australia 
Exchange Abbreviation(s) (asx) 
Canada 
Exchange Abbreviation(s) (tse)(alb)(mon)(vse)(canada)(can.) 
Derivative Abbreviations (sicav), recpt, rct, restrctd, retrct, right, rgt, rts, pfd, receipt, 

Equivalent Abbreviations 

any alphabetic letter, sub.vtg, multiple vtg, non-vtg, single vtg, cap. share, cap.yld share, eq.share, 
eq.div.share, eq.dividend, cl.a, cl.b, cl.c, any arabic number, any roman number, res., identical 
name, inv., ser.1, ser.2, cda, cdn, np., wt, asr, legendede, nv, spe.shre, spc.shre, retractable, vbn sh, 
new, exh.shs, corp, dead, note, que, tiers, pt, ont, capital shs, cv., ser III, d, mv 

Chili 
Derivative Abbreviations 'c', 'd', 'e' 

Special Cases Dead Duplicate Quotes: Quote_Name "dead-see" ID_number (contain same data as the reference 
quote) 

China 
Exchange Abbreviation(s) (she)(shg) 
Derivative Abbreviations _b_, .b 

Special Cases 
Between the Exchanges of China (Shanghai and Shenzen) and Hong Kong, there are a lot of dual 
listings. We were able to spot them by the abbreviation 'A' (for China) and 'H' (for Hong Kong) in 
the equity name. We always retained the quote with the most information. 

Colombia 
Derivative Abbreviations pfcl. 
Denmark 
Exchange Abbreviation(s) (cse) 
Derivative Abbreviations .b, codan gummi ser 2 
Equivalent Abbreviations _a, _b, _c, _hldg, _h_, _lndobk 
Finland 
Equivalent Abbreviations _b_, _f_, _a_, 'a', fria, I, II, oy, 1f, 2, 1, k, c, p 
Special Cases Quote_Name "use" ID-number : refers to a duplicate 
France 
Exchange Abbreviation(s) (par) 
Derivative Abbreviations rights., adp, ope, opa 

Equivalent Abbreviations conv to ID-number, a, (1/2), cable, o, p, ci, dv, cdv, limited data, poe, cip, offshore, (ca), n, nv, 
reg., -dead, (ex sfi), (cie), sa, (ex spie), "merger see" ID-number, cvg, .b, (old), same equity name 

Special Cases Quote_Name "use" ID-number : refers to a duplicate 

 
Jet Multimedia and Jet Multimadia NV: correlation of 28% but the NV-quote experienced a giant 
fall in his first price-observation from 820 to 82. If this price is corrected to 82 than the correlation 
is >90% 

Germany 
Exchange Abbreviation(s) (fra)(ham)(dus)(mun)(ber)(stu)(xet) 
Derivative Abbreviations gsh 
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Equivalent Abbreviations 
leben, vers br, vers jg, vers.regd, vers.regd jg, vers regd rfd., regd., 'a', 'c', neue, lebens, (ibr), h, ',h', 
ibis, von 1870, nue, div. gtee, vink, bau, & aqua, jg., n, bayern, -dead, umtausch, b, ag, roeder, f, 
otto, dea, same equity name 

Greece 
Exchange Abbreviation(s) (ath) 
Equivalent Abbreviations pr, r, pb, (pb), (pr), r., .r, pr, 'r' 
Mexico 
Exchange Abbreviation(s) (mex) 
Equivalent Abbreviations 'a2', 'b2', cpo, 'l', b, 1, 2, 'a', 'b1', uld, regd, 'c', bl, c1, 'ub', ubc, ub, 'b', l, ccp 
Netherlands 
Exchange Abbreviation(s) (ams) 
Derivative Abbreviations rts, div., scripts, stk. 

Equivalent Abbreviations falcons, cp, mdc nv., tatt, 'a', sets, (winstbew), enim ptl., fndrs, 1/250 fndrs, fc 500, unie, 'kon', 
conv-dead 

Peru 
Exchange Abbreviation(s) (lim) 
Equivalent Abbreviations sr.2, saa.invn., trab, cap, inv., invers., vida cap, 'a' 
Portugal 
Exchange Abbreviation(s) (lis)(lb)(porto) 
Derivative Abbreviations priv, em92, rights 
Equivalent Abbreviations b, r, invm., delisted, com aut 
US 
Exchange Abbreviation(s) (nys)(nas)(xbq)(nms)(asx)(otc)(ase) 
Derivative Abbreviations (sicav), _right, .right, rights, cap, rts, *w, pfd, recpt., notes, warrant, receipts, rcpt, 19xx 

Equivalent Abbreviations 

hdg., unit, unt, uts, ut., 'a', prds., products, same equity name, b, pbl. b, cl.a, cl.b, cl.c, cl.i, 'd', 
romain numbers, quibs sr, ctf, 'a', c, d, bk.shs, cap.tst.shre, b27, "see" number, exp, -dead, 
us.gvt.inc, cos.chip.mrk, 2, any alphabetic letter, inc, del., corp, sr.a, bk, ste bk, ga, decatur, w, wt, 
gp, ser.shre, exp, retractable, arabic number, decs 2004, fla, dfd, secs 2001, cv., cvp, prime, score, 
strucd.asset gw.inc, corp., corrections, ptns lp 

Ireland 
Exchange Abbreviation(s) (dub) 
Derivative Abbreviations vvpr, strip, afv, str., em98, em97, div, cap, solvus int 06 600 
Equivalent Abbreviations (ise) 
Spain 
Exchange Abbreviation(s) (mad) 
Equivalent Abbreviations b, II 
New Zealand 
Exchange Abbreviation(s) (nze) 
Derivative Abbreviations rts, opts, receipts, convertable bonds 
Equivalent Abbreviations eu.,(asx) , intl, "see" number 
Japan 
Exchange Abbreviation(s) (tks) 
Derivative Abbreviations vvpr, strip, afv, str., em98, em97, div, cap, solvus int 06 600 
Equivalent Abbreviations (ise), (ok), (fra), (par), (ams), (ham), (mun), (gsy), d, currency yen, same equity name 
Switserland 
Exchange Abbreviation(s) (zrh) 
Derivative Abbreviations gsh 
Equivalent Abbreviations same equity name, r, p, b, n, em94, br, 2de line 

Special Cases No international cleaning of all 'b'-shares, here, because the Swiss-list has a lot of 'b'-shares with-
out an equivalent counterpartSpelling Error: Roularta "stipp" should be Roularta "strip" 

South Africa 
Derivative Abbreviations opts 
Equivalent Abbreviations (ise), (jse), (fra), (par), n, 'n', same equity name, 'a', ltd 
Special Cases Spelling Error: Roularta "stipp" should be Roularta "strip" 
Hong Kong 
Exchange Abbreviation(s) (hkg) 

Special Cases 
Between the Exchanges of China (Shanghai and Shenzen) and Hong Kong, there are a lot of dual 
listings. We were able to spot them by the abbreviation 'A' (for China) and 'H' (for Hong Kong) in 
the equity name. We always retained the quote with the most information 

India 
Exchange Abbreviation(s) (india)(xnh)(xco) 
Indonesia 
Derivative Abbreviations fbx, fb, rts. 
Italy 
Exchange Abbreviation(s) (mil) 
Derivative Abbreviations rnc, pv, rp 
Equivalent Abbreviations same equity name, priv, risp, 00, vrso 
Malaysia 
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Exchange Abbreviation(s) (ses)(malaysia)(m)(kls)(mal.) 
Equivalent Abbreviations same equity name, 'a', pnb, frgn, no addition, rfd., fb., 4d bhd, bhd run 
Special Cases ubs(lux.): should by in the Luxemburg-list 
Norway 
Exchange Abbreviation(s) (osl)(ose)(cse) 
Equivalent Abbreviations b, same equity name, new, f, af, a 
Philippines 
Derivative Abbreviations = (eg. 1 unit = 1000 shares pdr) 
Equivalent Abbreviations b, same equity name 
Sweden 
Exchange Abbreviation(s) (see)(eur)(ise) 
Derivative Abbreviations sdb, sdr, cv, “use” number 
Equivalent Abbreviations b, a, bf, c, af, fria, same equity name, f, tob, ftgm, dead, bu, k2, k2bf 
South Korea 
Derivative Abbreviations pf2, 2pb 3pb pfd 1pb (1n) (3p) 1p 6pb 1pf pf (1p) 1n 
Equivalent Abbreviations opc, same equity name, any arabic number 
Singapore 
Exchange Abbreviation(s) (ses)(xco)(singapore)(sing.) 
Equivalent Abbreviations 'a' np. .np np a , fb, 100, 200, 10 
Special Cases Spelling Error: "(xco" and "(xso)" should be "(xco)" 
 Spelling Error: "dulp" should be "dupl" 
 Although Jade (sing.) there is only one company Jade (sing.) 
Taiwan 
Equivalent Abbreviations 'a', dplc 
Thailand 
Exchange Abbreviation(s) (thailand) 
Derivative Abbreviations fb,.fb, (fb) 
Equivalent Abbreviations uts, any arabic number 
UK 
Exchange Abbreviation(s) (ise) 

Derivative Abbreviations nrfd, new fully, 1p, warrants arabic number+'p', nrfd, rfd, pp, redeemable shares, red. shares, new 
nil paid, fully paid, (vxx), br., 'br', pfd 

Equivalent Abbreviations (ses), same equity name ,of dedo, arabic number + "p", (wi), dfd. nv. r/v, (tks), pr., pft., unvl., new, 
ord, (ci), avs, res, 'a', accum, ac., n/v, new, b, ac., inc., c, p/p, cap, a 

Special Cases Spelling Error: Ecobric hdg. and Ecrobric holdings refer to the same firm 
 Exxon Mobil (irs) is also listed in US-market 
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Appendix 1.C: Abbreviations of different 

types of preferred share and some derivative 

quotes 
MIPS = Monthly Income Preferred Shares. 

PRIDES = Preferred Redeemable Increased Dividend Equity Security. 

QUIPS =Quarterly Income Preferred Securities. 

TOPRS = Trust Originated Preferred Securities. 

PIES/PINES = Premium Income Equity Securities. 

PERQS = Performance Equity-Linked Redemption Quarterly-pay Securities. 

SPARQS = Stock Participation Accreting Redemption Quarterly-pay Securities. 

BRIDGES = :Broad Index Guarded Equity-linked Securities. 

WTS/WT./*W/_W_ = Warrant (look at full quote name and sector for distinction between "war-

rant" and "water(s)"). 

CERT = Certificate. 

PREF/PF = preferred. 

RTS/RIGHT(S)/RGT = right. 

SCORE = Special Claim on Residual Equity. 

PRIME = Prescribed Right to Income and Maximum Equity. 

PARRS = Puttable Automatic Rate Reset Securities. 

QUIDS = Quarterly Interest Debt Shares. 

STRIPES = Structured yield Product Exchangeable for Shares. 

QIDS = Quarterly Income Debt Security. 

TRACES = Trust Automatic Common Exchange Securities. 

UNIT/UNITS/UNT./UTS./UT.= Unit (incorporates more than one class of securities trading to-

gether as one, e.g. a stock and a warrant, therefore, we eliminated all units to prevent multiple 

listings and information mixing. 

DEP./DEPY/DEPOSIT = Depository (these abbreviations come mostly in combination with "re-

ceipt", "unit", "share" or their equivalents). 

RECEIPT(S)/RCT/RECPT = receipt(s). 

NOTE(S) = notes (e.g.. sr.note, note secs). 
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Appendix 1.D: Exchange rates: exceptions 
Taiwan: (a) 11/79-11/84: Interbank Spot Closing Rates - period average (source: Central Bank of 

Taiwan = "the Bank of China") (b) 12/84-12/1999: WM/Reuters Closing Spot Rates - end of pe-

riod (source: Datastream). 

Austria, Belgium, Finland, Germany, Ireland, Italy, Netherlands, Portugal, Spain and France: 

01/99-12/99: EURO Exchange Rate (source: IMF). 
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Appendix 1.E: Interest rates: exceptions 
Australia: 04/93-12/99: fitted values of model: IMF Discount Rate = a + b*X with X = IMF T-

Bill Rate (period average); the model is estimated from 07/69-03/93 with R2=97%. 

Netherlands: 01/94-12/98: fixed advance rate: As from 23 May 1997, this was the rate at which 

registered credit institutions could obtain a fixed advance. Previously, it was the rate at which 

registered credit institutions were granted advances on current account (www.dnb.nl). 

China Mainland: 11/79-02/90: fitted values of model: IMF Discount Rate = a + b*X with X = 

IMF Prime Rate (end of period); the model is estimated from 03/90-12/2002 with R2=98% (atten-

tion: Central Bank of China = "the People’s Bank of China"). 

Hong Kong: 11/79-05/92: fitted values of model: IMF Discount Rate = a + b*X with X = IMF 

Prime Rate (end of period); the model is estimated from 06/92 to 12/2002 with R2=89%. 

Indonesia: 11/79-12/89: fitted values of model: IMF Discount Rate = a + b*X with X = IMF In-

terbank Call Money Rate (period average); the model is estimated from 01/90-12/2002 with 

R2=75% (missing values in the IMF Interbank Call Money Rate were filled in by Jakarta Inter-

bank Call Money Rate observations from the annual reports of the Central Bank of Indonesia 

located at the Scientific Library of the National Bank of Belgium). 

Malaysia: 01/97-12/99: fitted values of model: IMF Discount Rate = a + b*X with X = IMF T-

Bill Rate (period average); the model is estimated from 01/74 to 12/96 with R2=99%. 

Brazil: 11/79-09/96: fitted values of model: IMF Discount Rate = a + b*X with X = Brazilian 

Overnight Federal Funds Rate or Selic or Taxas de Juros Nominais Efectivos de Titulos Publicos 

Nominal (period average); the model is estimated from 10/96 to 12/2002 with R2=89%. 

Chile: 11/79-03/93: fitted values of model: IMF Discount Rate = a + b*X with X = IMF Deposit 

Rate (period average); the model is estimated from 04/93 to 12/2002 with R2=89%. 

Taiwan: 11-79-12/99: Discount Rate (source: Central Bank of Taiwan = "the Bank of China"). 

United Kingdom: 11/79-12/99: End Month Bank of England Repo Rate (source: Bank of Eng-

land). 

France: 11/79-12/98: French Intervention Rate (middle rate, end of period); source: Datastream; 

missing values in the French Intervention Rate (11/79-04/83) were filled in by "Taux des inter-

ventions effectuées sur le marché monétaire par la Banque de France: Taux de l'argent sur le 

marché monétaire (contre effets privés) - Argent au jour le jour (minimum)" from the annual re-

ports of the Central Bank of France (Banque de France) located at the Scientific Library of the 

National Bank of Belgium. 

Singapore: 11/79-12/99: IMF T-Bill Rate (period average). 

Mexico: 11/79-12/99: IMF T-Bill Rate (period average). 
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Argentina: 11/79-12/99: IMF Deposit Rate (period average). 

Austria, Belgium, Finland, Germany, Ireland, Italy, Netherlands, Portugal, Spain and France: 

01/99-12/99: EURO Discount Rate (source: IMF). 
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Chapter 2 

CAPM Tests and Alternative 

Factor Portfolio Composition 

In this chapter we show that the results of a CAPM test are quite sensitive to the details of the test 

design. Especially crucial are the aspects related to the weight one gives to small, low-reputation 

stocks when constructing both the factor portfolios and the test or style portfolios whose returns 

are to be explained. To fit the observed returns we need to redesign the size and distress factor 

portfolios into two factor portfolios each, one for extremely small or distressed stocks relative to 

non-extreme stocks, and one for moderately small or distressed stocks versus larger or growth 

companies. This alternative model does a better job in pricing stocks, both in the US and interna-

tionally, than the standard four-factor CAPM with factor portfolios designed following Fama and 

French (1992, 1993, 1995, 1996a, 1996b, 1998, 2000), Carhart (1997), Jegadeesh and Titman 

(1993) and Rouwenhorst (1999a). 

2.1 Introduction 
The empirical anomalies that emerged from CAPM tests, such as the size, distress and momentum 

effects (Banz, 1981; Stattman, 1980 and Rosenberg, Reid and Lanstein, 1985; Jegadeesh and 

Titman, 1993), have quickly been incorporated into generalized asset pricing models. Empirical 

work by e.g. Fama and French (1992, 1993, 1995, 1996a, 1996b, 1998, 2000), Carhart (1997) or 

Rouwenhorst (1999a) reveals that these additional factor portfolios significantly improve the 

model’s ability to capture the cross-sectional variation of stock returns, both within the US and 

internationally. The purpose of this chapter is to extend these tests to a dataset that has a uniquely 

wide coverage both across the size spectrum and across countries. We find that both in the US and 

internationally the ten percent smallest stocks do not fit the standard models, and there generally 

appear to be nonlinearities missed by the standard three-factor Fama-French model. In general, 

we need more than one return differential—that is, we need more than two portfolios—to capture 

the relationship between return and exposure to size or distress across the entire spectrum. The 

resulting generalized model provides a risk-return relation that outperforms national and global 
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one-, two- or four-factor CAPMs (with market, size, distress, and momentum portfolios), and the 

nested version of the international CAPM and the global four-factor model. 

The structure of this chapter is as follows. Section 2.2 focuses on the US market, the subject of 

most of the extant research. Our starting point is a replication of the Fama and French (1993, 

1996) tests on a dataset that potentially includes more—and, notably, smaller—stocks than those 

provided in the standard sources. When following the Fama and French (henceforth FF) proce-

dure as closely as possible re data coverage we do find similar results as the original study, de-

spite the different period (1980-1993 rather than 1963-1993), as shown in Section 2.2.2. In Sec-

tions 2.2.3 and 2.2.4 we then gradually modify the procedure, and notably increase the data cov-

erage and the room given to small stocks. The result is large positive alphas for the lowest size 

decile and smile and smirk patterns across the board. Thus, we may need to add not just momen-

tum but also an extra small-firm and distress factor to the original FF trio (market, SMB and 

HML). Our tests (Section 2.3) of this candidate factor specification in the US market reveal that 

the alternative model does explain various style portfolio returns, whether stratified across one or 

two styles and whether separated from the factor portfolio data or not. In Section 2.4, then, we 

venture beyond the US borders and successfully test our alternative asset pricing model against 

competing models, using various style portfolios (size, book-to-market, and momentum). Section 

2.5 concludes. 

2.2 The Fama-French Model and the Small-

Firm Anomaly Revisited 
Our first test design tries to be as close as possible to Fama and French (1993). We then test the 

robustness to modified designs. Some modifications are inspired by data availability outside the 

US, but the main change is the increased room for smaller stocks. 

2.2.1 Data 

Most studies look at the CRSP stocks (NYSE, Amex and NASDAQ) or, for international studies, 

Datastream stocks to the extent that book values are available. This data restriction eliminates 

primarily small stocks, and this could be problematic since even in standard databases the low-cap 

end of the spectrum displays anomalies. In addition, the Fama-French tests (and many thereafter) 

discard data on financial corporations. Lastly, the standard Datastream database is the “market 

list” which contains only stocks that are alive at the time of downloading, implying survivorship 

bias. We therefore include all NYSE, Amex, NASDAQ and NASDAQ Small-Cap stocks from 
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Datastream’s “research lists”, after careful cleaning-up and filtering of these data. This US dataset 

is part of the larger one, covering 240 months (1980-1999) and 39 countries, as described in 

Chapter 1. 

2.2.2 Fama-French replication 

To set the stage we replicate the Fama and French (1993) test on our database, initially using the 

same termination date as they do in their 1996a study, end 1993. We start with an explicitly re-

view of the main steps in their procedure since we will return to many of these in our robustness 

checks below. 

Monthly dollar returns on 25 portfolios of size-and-distress-sorted stocks are regressed on three 

factor portfolios: the market portfolio, the size factor and the distress factor. To mimic Fama and 

French (1993) as closely as possible we use, in this first test, all stocks for which Datastream pro-

vides marketcaps and (positive) book values. At the end of June of each year, all these stocks are 

allocated to either of two groups (small or big, denoted S or B) depending on whether their early-

June marketcap is below or above the median market equity for NYSE stocks.22 All stocks are 

also allocated, via an independent second sort, into one of three book-to-market (B/M) equity 

groups (low, medium, or high, denoted L, M, or H); the watershed values are the 30th and 70th 

percentile values of B/M-ranked NYSE stocks. 

For the purpose of constructing the factors, six size-B/M portfolios are then defined as the six 

intersections of the two size groups and the three B/M groups. These six intersections are labeled 

S/L, S/M, S/H, B/L, B/M, and B/H. Value-weighted monthly returns on the six portfolios are 

calculated from July till June next year. For each month, the size factor SMB is computed as the 

difference between the returns on small stocks (the average of the returns on the three small-stock 

portfolios, S/L, S/M and S/H) and big stocks (the average returns on the three big-stock portfo-

lios, B/L, B/M and B/H). The distress factor HML is the difference between, on the one hand, the 

average of the returns on the two high B/M portfolios (S/H and B/H) and, on the other, the aver-

age of the returns on the two low B/M portfolios (S/L and B/L). Note that the returns are value-

weighted within each of the six size-B/M portfolios, while for the calculation of SMB and HML, 

equally weighted averages are taken across the three S/. or B/. portfolios. 

For the purpose of generating test portfolios (that is, portfolios whose returns need to be explained 

by the factors), 25 size-B/M portfolios are formed following the same procedure as for the six 

size-B/M portfolios underlying SMB and HML, except that quintile breakpoints for size and B/M 

for NYSE stocks are used to allocate all stocks to the portfolios rather than the median or the 30th 

                                                 
22 Fama and French (1993) do use only the NYSE stocks to set allocation breakpoints for both size and distress, not the me-
dian of all stocks (including Amex and NASDAQ). The reason for this is not stated explicitly.  
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and 70th percentile values. Negative-B/M firms are discarded when calculating the breakpoints or 

forming size-B/M test portfolios. 

The regression equation is: 

 ( )i f i i m f i i iR r R r SMB HMLα β γ δ ε− = + − + + + . (2.1) 

Generally monthly portfolio returns do not exhibit significant autocorrelation. This was confirmed 

by the insignificant Durbin-Watson coefficients of each equation. But the returns do exhibit con-

ditional heteroskedasticity over time. Following Fama-French we initially ignore this, but towards 

the end we do shift to a heteroskedasticity-consistent covariance matrix of OLS/SUR.23 It appears 

that the heteroskedasticity-consistent covariance matrix leads to fewer significant alphas than the 

plain OLS ones, but the difference is never very pronounced. 

Table 2.1: Alpha estimates of Fama and French (1996a) 
Size Book-to-market 
 Low 2 3 4 High 
Small -0.45 -0.16 -0.05 0.04 0.02 
2 -0.07 -0.04 0.09 0.07 0.03 
3 -0.08 0.04 0.00 0.06 0.07 
4 0.14 -0.19 -0.06 0.02 0.06 
Big 0.20 -0.04 -0.10 -0.08 -0.14 

Boldface signals significance at a 5% level using the 
OLS standard error. 

 

Table 2.2: Alpha estimates of Fama and French replication 
Size Book-to-market 
 Low 2 3 4 High 
Small -0.02 -0.25 0.14 0.18 0.26 
2 -0.47 -0.08 0.30 0.14 0.06 
3 -0.33 0.02 -0.06 0.02 0.02 
4 -0.09 -0.01 -0.10 -0.07 0.00 
Big 0.19 -0.01 0.03 -0.07 -0.39 

Boldface signals significance at a 5% level using the 
SUR standard error. 

 

For the reader’s convenience, Table 2.1 reproduces the alphas obtained in the original Fama and 

French (1996a) study. Table 2.2 then shows our own alpha estimates from the new data. The un-

derpricing (or return shortfall) that, in FF (1996a), occurred for the small, growth stocks seems to 

have shifted up one class, into the second size quintile, possibly because part of our first size 

quintile is missing in the FF database. In addition, the return anomalies for the distress stocks (the 

rightmost column) have become more pronounced, both algebraically and statistically. There may 

also be evidence of what looks like interactions: the extreme size-distress combinations show 

most mispricing, with the corner cases on the main diagonal being overpriced and those on the 

secondary diagonal underpriced. Still, the differences are not massive. 

                                                 
23 With identical regressors across equations and no cross-equation restrictions, Seemingly Unrelated Regression (SUR) 
provides the same estimates and standard errors as OLS. But the weighting matrix we use is White's heteroskedasticity-
consistent covariance matrix, so that the significance statements are robust to both heteroskedasticity (over time or across 
stocks) and contemporaneous correlation of unknown form. 
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In the next subsections we verify whether these results are robust to minor modifications in the 

research design. We then gradually extend the coverage and the weight given to small stocks. 

When we do this at the factor portfolio side, the fit improves, suggesting that the broadened fac-

tors do better. But a similar extension of the coverage on the left-hand-side (the test portfolios) 

worsens the fit, leaving us with an inadequate model. 

2.2.3 The impact of tangential design variations relative to 

FF 

Table 2.3 lists some minor differences between our tests and the original FF design. Many of 

these will be modified so that their impact can be tested. Table 2.4 to Table 2.14 demonstrates the 

evolution of the three-factor-model alphas, when in each step an extra design element is altered. 

Our starting point is Table 2.2, repeated for convenience as Table 2.4. Each change is maintained 

in subsequent tests—that is, changes are cumulative—with two exception that will be noted when 

it comes up. 

Table 2.3: Design differences with Fama and French (1996a) 
Fama and French (1996a) De Moor and Sercu 
Financial firms excluded24 Financial firms included 
US T-bill rate from CRSP, end of month US T-bill rate from IMF, monthly average
Period: 7/63-12/93 Period: 7/80-12/93 
Value-weighted returns: CRSP Value-weighted returns: Datastream 
No IPO’s; at least 24 months of data IPO’s allowed 
Book values from Compustat Book values from Datastream 

 

We start with the time period. Table 2.4, Table 2.5 and Table 2.6 only differ regarding the years 

of data, with Table 2.4 showing the pre-1994 alphas (the overlap with FF, 1996a), Table 2.5 dis-

playing the post-1993 results, and Table 2.6 the alphas for the full sample. Apparently the chosen 

time period in the design of a CAPM test does not influence the results much. The same seems to 

hold for the choice of the risk-free rate and the market index. Specifically, when going from Table 

2.6 to Table 2.7 the risk-free rate becomes the US discount rate instead of the US T-bill rate,25 and 

the market return is Datastream’s US market return, not the value-weighted return on all stocks in 

the size-distress portfolios plus the negative-book-value equities as in Fama and French (1993, 

1996a). Again we cannot detect much difference in the alphas. 

In the data underlying Table 2.8c, the compositions of both the test and the factor portfolios are 

updated every month instead of yearly. Compared with the result of Table 2.7, it is clear that the 

                                                 
24 Fama and French (1993) exclude 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 more likely indicates distress. 
25 For reasons of availability and international comparability our risk-free rates are from the IMF’s International Financial 
Statistics. For the US T-bill, this source provides only a monthly average of the 3-month rate. The IMF US discount rate, in 
contrast, is an end-of-period rate and is available for most countries. Eligible depository institutions pay this rate when bor-
rowing short-term from a Federal Reserve Bank. 
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three-factor model no longer seems to do a good job in pricing the 25 unmanaged size-distress 

portfolios if portfolios are updated more frequently. We analyze this new anomaly by introducing 

monthly updating in turn on the test and factor sides. (Thus, the changes between Table 2.8a and 

Table 2.8b are not cumulative.) For test portfolios, if monthly updating produces more rejections 

of the model, the change in the design should be maintained in the sense that the new test appar-

ently has more power. If monthly updated factor portfolios, in contrast, lead to more rejections, 

this change is not to be maintained since it means the new factor is mis-specified. Going from 

Table 2.7 to Table 2.8a or 2.8b, we see that either change in itself has a large effect on the number 

of rejections. Introducing monthly updating on both sides simultaneously, as in Table 2.8c, adds 

one more rejection; in addition, the unexplained returns are also economically larger. As there is 

no intrinsic reason why this should be so, except for higher power, we keep on using monthly 

updated portfolios in the tests below. We treat it as an anomaly or at least an issue of robustness 

that should be resolved. 

2.2.4 Increasing the coverage and weight for small firms in 

FF 

The next three design features whose impact should be verified all have to do with the weight, or 

lack thereof, given to small stocks. First, the FF procedure is to discard stocks for which either 

book value or marketcap is missing, a restriction that tends to eliminate mostly small companies. 

Thus, the standard SMB and HML may overlook part of a small-firm effect. Simultaneously, any 

such deficiency in the factors may never show up because the companies most affected by the 

potentially missed factor are missing on the left-hand side too. Second, in FF, the assignment of 

stocks to factor portfolios or test portfolios is based on NYSE percentile values even though the 

database also includes Amex and NASDAQ stocks. This results in size groups with more firms in 

the smaller categories and, likewise, distress groups with more stocks in the growth or low book-

to-market category. The third design feature in FF that may underplay any small-firm effect is 

value weighting. While the portfolio-theory logic underlying the CAPM dictates value weights as 

far as the market portfolio is concerned, there is no such theoretical basis for the size and distress 

factors. One drawback of value weighting is that the S factor portfolio, even though it contains all 

below-median stocks, is dominated by the comparatively larger ones, those close to the median 

size.26 Since, in addition, the median is the NYSE one, the value-weighted S portfolio really is 

more of a mid-cap portfolio than the small-cap one like its name would suggest. For these reasons 

we experiment with more equal-sized portfolios, equal weighting, and stocks with missing book 

                                                 
26 The fact S is actually computed from the (value-weighted) returns of three size/distress intersections, only partly mitigates 
this effect, because the relation between size and distress is far from perfect. 
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data, fully realizing that this may carry its drawbacks: small firms may suffer from excess noise 

because of thinner markets and patchier attention from analysts. 

We start with the weighting scheme, introducing equal weights in turn on the test and factor sides. 

(Thus, the changes between Table 2.9a and Table 2.9b are not cumulative.) For test portfolios, if 

equal weighting produces more rejections of the model, the change in the design should be main-

tained in the sense that the new test apparently has more power. If equally-weighted factor portfo-

lios, in contrast, lead to more rejections, this change is not to be maintained since it means the 

new factor is mis-specified. Going from Table 2.8c to Table 2.9a or 2.9b, we see that either 

change in itself has but a small effect on the number of rejections. Introducing equal weighting on 

both sides simultaneously, as in Table 2.10, adds one more rejection; in addition, the unexplained 

returns are also economically larger. 

We now show that these problems diminish when we also extend the size coverage of the factor 

portfolios, and worsen again when we do the same on the test portfolio side. In Tables 2.11 to 

2.14, the factor portfolios are built from all stocks, not just those with both market- and book-

value data. Specifically, the size factor is now computed as the difference between the equally 

weighted average return for all stocks above the median versus the average for all below-median 

stocks, whether they provide book-value information or not; similarly, the distress factor is the 

difference of the equally-weighted returns on portfolios containing the firms that rank below the 

30th or above the 70th percentile re B/M. These percentiles are, for the time being, still based on 

NYSE stocks with full data. 

In this new test, the coverage for distress is the same as before, since market values are almost 

never missing. For the size variable, in contrast, the number of stocks goes up by over 60% on 

average. Indeed, on average, 40% of Datastream’s NYSE stocks have no accounting data. This 

average hides a strong time trend: in the early 1980s, two Datastream records out of three lacked 

book values, but this ratio is down to one out of ten by 1999. Similar numbers hold for non-NYSE 

stocks. Since the total number of stocks in the 1980s is lower too, we can expect a substantial 

improvement of the quality of the size portfolios in the beginning of the sample period if we drop 

the FF data requirement. In addition, the missing firms are predominantly small: when dropping 

the data filter, the mean marketcap falls by about 50% on average—in fact, by 80% in the early 

years, 10% in the most recent ones. 

Comparing the alphas of Table 2.11 with those of the table before, we notice that the broadened 

factor portfolios are more capable of pricing unmanaged size-distress portfolios. The number of 

rejections drops, from 16 to 9. This strongly suggests that the new factor specification is a step in 

the right direction: the FF factors, by restricting the coverage to stocks with both a known market 

value and a known book-to-market value, miss too many of the smaller firms. Computing the 30th, 

50th, and 70th percentile values from all NYSE stocks even if not both values are available, as is 
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done for the alphas in Table 2.12, further decreases the number of rejections from 9 to 7. Again, 

giving more room to the small stocks in the factor portfolios improves the picture. 

Similar changes can also be implemented on the test portfolio side. The most powerful results (in 

the sense of providing the highest number of rejections) were obtained as follows. We keep the 

earlier 25 pure-intersection portfolios as the starting basis of the new test portfolios. The addi-

tional stocks, those with just size information, are sorted into the five size buckets, and from there 

are transferred to one of the 25 old intersection portfolios, taking care to stay within the same size 

bracket but randomizing across B/M category. This procedure shrinks the dispersion across dis-

tress classes, but everything else being the same, also reduces the noise in the portfolio returns.27 

Thus, whether on balance power improves or not is an empirical matter. The outcome, in Table 

2.13, is a dramatic increase in the number of rejections, which doubles to 14. 

In a last design change, we base also the breakpoint values on the quintile values from the entire 

dataset, not just the NYSE ones.28 Again, the size coverage of the portfolios widens because the 

number of assets per size or B/M group is now equal across groups rather than very much 

bunched together at the small-cap or high-growth end. The effect of the new way of defining the 

buckets becomes stronger over time, this time: in 1980 the non-NYSE list in Datastream repre-

sents just 13% of the total, but that percentage rises to over 70% in 1999. Non-NYSE firms in 

Datastream had a mean marketcap of less than one-fourth of the typical Big-Board listee in 1980, 

and about 45% in 1999. Thus, as expected, computing the quintiles from the all-stock list brings 

about drastically lower quintile values for especially the first quintiles. The result of this proce-

dure, shown in Table 2.14, is not so much a better fit—at 13, the number of rejection remains 

virtually unaffected—as a shift in the rejections, which now occur mostly in the lower-cap of the 

table. 

                                                 
27 As an alternative, we tried working with unions rather than intersections. Under that procedure we allocate every stock with 
a known market value into one of five size groups and all stocks with a known book-to-market into one of five distress 
groups. This gives us ten basic test portfolios. We then form a portfolio for size-distress combination (i, j) as the average of 
size portfolio i and distress portfolio j, weighted by the number of stocks in i and j, respectively, thus computing 25 different 
combinations of the ten basic alphas, similar to the 25-portfolio tests used thus far. The outcome was a somewhat larger 
number of rejections (nine, up from seven) despite generally lower alphas—a signal of higher power relative to the original 
FF design but nowhere as strong as the alternative procedure outlined in the main text. In addition, this induces strong de-
pendencies across test portfolios. 
28 Besides allowing more attention to small stocks, another consideration for basing the breakpoints on the entire sample 
rather than the list of the leading exchange is that the latter procedure cannot be applied consistently across countries. 
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Table 2.4: Fama and French replication: 
data from 1980-1993 

Size Book-to-market 
 Low 2 3 4 High 
Small -0.02 -0.25 0.14 0.18 0.26 
2 -0.47 -0.08 0.30 0.14 0.06 
3 -0.33 0.02 -0.06 0.02 0.02 
4 -0.09 -0.01 -0.10 -0.07 0.00 
Big 0.19 -0.01 0.03 -0.07 -0.39 

 
Table 2.5: Fama and French replication: 
data from 1994-1999 

Size Book-to-market 
 Low 2 3 4 High 
Small -0.12 0.24 0.12 0.37 0.25 
2 -0.50 -0.27 -0.24 -0.23 0.12 
3 -0.33 -0.63 -0.30 -0.37 -0.15 
4 -0.35 -0.44 -0.55 -0.28 0.19 
Big 0.37 -0.25 -0.56 -0.48 0.11 

 
Table 2.6: Fama and French replication: 
data from 1980-1999 

Size Book-to-market 
 Low 2 3 4 High 
Small -0.03 -0.10 0.13 0.24 0.27 
2 -0.48 -0.15 0.14 0.01 0.07 
3 -0.32 -0.18 -0.15 -0.10 -0.02 
4 -0.18 -0.16 -0.27 -0.16 0.05 
Big 0.26 -0.10 -0.18 -0.20 -0.21 

 
Table 2.7: Datastream market return 
and the USD discount rate for Rm and Rf 

Size Book-to-market 
 Low 2 3 4 High 
Small -0.04 -0.12 0.12 0.22 0.24 
2 -0.50 -0.17 0.13 0.00 0.05 
3 -0.34 -0.20 -0.17 -0.12 0.05 
4 -0.20 -0.18 -0.30 -0.18 0.03 
Big 0.24 -0.13 -0.21 -0.22 -0.22 

 
Table 2.8a: Monthly updated test 
portfolios and yearly updated factor 
portfolios 

Size Book-to-market 
 Low 2 3 4 High 
Small -0.37 -0.34 -0.01 0.42 0.84 
2 -0.61 -0.07 -0.14 0.20 0.62 
3 -0.48 -0.30 -0.22 0.10 0.47 
4 -0.27 -0.19 -0.44 0.00 0.42 
Big 0.16 -0.21 -0.25 -0.12 0.30 

 
Table 2.8b: Monthly updated factor 
portfolios and yearly updated test portfo-
lios 

Size Book-to-market 
 Low 2 3 4 High 
Small 0.00 -0.23 0.03 0.10 0.05 
2 -0.50 -0.34 -0.03 -0.26 -0.08 
3 -0.28 -0.44 -0.34 -0.30 -0.27 
4 -0.17 -0.29 -0.51 -0.34 -0.17 
Big 0.36 -0.15 -0.32 -0.22 -0.02 

Table 2.8c: Monthly updated factor 
and test portfolios 

Size Book-to-market 
 Low 2 3 4 High 
Small -0.25 -0.39 -0.21 0.11 0.39 
2 -0.41 -0.15 -0.41 -0.16 0.18 
3 -0.29 -0.41 -0.50 -0.20 -0.04 
4 -0.04 -0.30 -0.67 -0.35 0.01 
Big 0.28 -0.21 -0.29 -0.37 -0.04 

 
Table 2.9a: Equally-weighted test portfo-
lios, value-weighted factor portfolios 

Size Book-to-market 
 Low 2 3 4 High 
Small -0.06 -0.19 -0.08 0.20 0.72 
2 -0.44 -0.14 -0.38 -0.12 0.22 
3 -0.23 -0.39 -0.50 -0.22 0.02 
4 -0.05 -0.30 -0.66 -0.40 0.06 
Big 0.16 -0.43 -0.49 -0.53 0.07 

 
Table 2.9b: Equally-weighted factor 
portfolios, value-weighted test portfolios 

Size Book-to-market 
 Low 2 3 4 High 
Small -0.48 -0.70 -0.53 -0.29 -0.12 
2 -0.37 -0.29 -0.58 -0.37 -0.09 
3 -0.15 -0.48 -0.62 -0.32 -0.27 
4 0.19 -0.26 -0.72 -0.42 -0.19 
Big 0.32 -0.20 -0.30 -0.38 -0.14 

 
Table 2.10: Equally-weighted factor and 
test portfolios 

Size Book-to-market 
 Low 2 3 4 High 
Small -0.35 -0.54 -0.48 -0.27 0.14 
2 -0.39 -0.26 -0.56 -0.33 -0.05 
3 -0.09 -0.46 -0.62 -0.33 -0.19 
4 0.18 -0.23 -0.70 -0.46 -0.12 
Big 0.32 -0.39 -0.47 -0.56 -0.04 

 
Table 2.11: broad-based factor portfo-
lios; narrow-based breakpoints (NYSE) 
and test portfolios 

Size Book-to-market 
 Low 2 3 4 High 
Small 0.18 -0.06 -0.11 0.04 0.40 
2 0.04 0.06 -0.29 -0.13 0.16 
3 0.21 -0.24 -0.45 -0.23 -0.04 
4 0.32 -0.13 -0.64 -0.40 -0.01 
Big 0.31 -0.39 -0.49 -0.56 -0.01 

 
Table 2.12: broad-based factor portfolios 
and breakpoints (NYSE); narrow-based 
test portfolios 

Size Book-to-market 
 Low 2 3 4 High 
Small 0.67 0.13 -0.13 0.01 0.59 
2 0.15 -0.24 -0.22 -0.07 0.06 
3 0.08 -0.19 -0.40 -0.16 0.13 
4 0.22 -0.28 -0.51 -0.23 0.09 
Big 0.28 -0.31 -0.51 -0.46 -0.04 
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Table 2.13: broad-based factor portfolios 
and breakpoints (NYSE); broad-based 
test portfolios 

Size Book-to-market 
 Low 2 3 4 High 
Small 0.13 0.03 -0.15 -0.15 0.28 
2 -0.25 -0.44 -0.55 -0.53 -0.31 
3 -0.18 -0.34 -0.46 -0.34 -0.29 
4 0.13 -0.39 -0.56 -0.39 -0.08 
Big 0.23 -0.31 -0.40 -0.40 0.02 

Table 2.14: broad-based factor portfolios 
and  breakpoints (all); broad-based test 
portfolios 

Size Book-to-market 
 Low 2 3 4 High 
Small 0.40 0.42 0.38 -0.03 0.62 

2 -0.47 -0.40 -0.55 -0.62 -0.48 

3 -0.32 -0.15 -0.51 -0.37 -0.15 
4 0.20 -0.17 -0.32 -0.23 -0.27 
Big 0.30 -0.25 -0.41 -0.47 0.03 

Boldface (italic) signals significance at a 5% level using SUR standard error (with White’s heteroskedasticity-consistent 
covariance matrix). 
“Narrow-based” refers to observations with both market- and book-value data. “Broad-based” data use all data whenever 
possible even if book value is missing. “NYSE” or “all” refers to the list—broad or narrow—from which the required deciles 
are computed. 
 

The large number of significant abnormal returns is not the only anomalous result. In addition, the 

typical rejected alpha is about 0.5% per month or more, which is worse than the kind of numbers 

FF obtain. Lastly, there are manifest patterns in the alphas. First, within each and every row there 

is a smile pattern in the alphas. Second, within each column there is a smirk pattern, with the 

small-firm quintile always providing a strongly positive abnormal returns, the second quintile a 

strongly negative one, followed by gradually improving returns for higher-size quintiles. It is, we 

think, fair to say that the three-factor model does not span our returns and that size seems to be 

part of the problem. 

2.3 Identifying the Missing Factors: US Data 
In this section we propose a generalized FF model that takes care of most of the anomalies we just 

noted. In view of the momentum-related anomalies that came to light after the publication of FF 

(1993), momentum is added into the analysis. Following the Rouwenhorst (1999a) version of 

Jegadeesh and Titman (1993), stocks are ranked on the basis of the return realized in the months t-

7 to t-2. (Month t-1 is omitted to eliminate the common bid-ask-bounce effect that would other-

wise have affected both the past performance and the subsequent return.) All available data are 

used, whether book value is available or not. The momentum factor is the equally-weighted re-

turn, for month t, on the 30% best winners minus the 30% worst losers. Contrary to the size- and 

distress-portfolios, momentum-portfolios have a holding period of not one month but six, as in 

Rouwenhorst (1999a) or Jegadeesh and Titman (1993). Again following these authors, we com-

pute the monthly average return across the six ongoing momentum strategies, each started one 

month apart, to handle the issue of overlapping observations. Like the size and distress portfolios, 

the momentum portfolios are updated monthly and are equally weighted. When we make momen-

tum test portfolios we use deciles or quintiles rather than the 30th or 70th percentiles. 

We start, in Section 2.3.1, with a look at mean returns on decile portfolios, one set per risk dimen-

sion. Even though the sorting is one-dimensional and the returns are not risk-adjusted, we find 
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back the smiles and smirks we observed in the alphas of the previous section. In passing, we also 

provide evidence that the size coverage is the one most influential extension of the dataset, and 

that adding a momentum factor does not solve the problems. In Section 2.3.2 we look at risk-

adjusted returns from three sets of two-dimensionally sorted portfolios, one set per pair of risk 

dimensions, and we still find the same nonlinearities. All this suggests that it may be hard to fit, 

say, the effect of size on return via one single factor, that is, one return. A closer scrutiny of one-

dimensional decile portfolios provides ideas on how to define the additional factors (Section 

2.3.3). The resulting alternative model in its full version is then successfully tested against the 

standard models (Section 2.3.4). The obvious risk, in this approach, is that we might be over-

fitting a specific dataset; however, bear in mind that the resulting model is tested also on interna-

tional data (Section 2.4), where it appears to hold well, too. 

2.3.1 One-dimensionally sorted portfolios: the role of size 

revisited 

In this section we look at returns from decile portfolios of stocks sorted along one dimension at 

the time. We also provide a robustness check for our finding, thus far, that size coverage is the 

main reason why FF does not fit our model. Lastly, we seize the opportunity to compare the size 

bias also to another bugbear of Datastream, survivorship bias. 

Figures 2.1 to 2.3 show average returns for ten decile portfolios sorted by size, distress (B/M) and 

momentum, respectively. For further reference we note three things. First, the main size effect is 

found in the first and to some extent also the second decile, which provide unusually large re-

turns.29 These large returns can compensate for the lack of publicly available information about 

small stocks. Small stocks are therefore somewhat mysteriously unknown and therefore bear extra 

information risk. Moreover, small stocks seem to suffer more than large caps from negative 

shocks—more downside risk (Chan and Chen (1988)). In deciles 3-10, in contrast, there is a weak 

premium for larger sizes. Second, the distress effect is more monotone positive, but S-shaped 

rather than linear. There is a mild return-shortfall effect in deciles 1 and 2 (growth firms earning 

moderately lower returns), which then flattens out; and as of decile 7, “value” firms earn increas-

ingly higher premia. Third, an S-effect is also present in the momentum factor, with strong losers 

going on earning clearly lower returns, strong winners continuing their upward trend, and flat 

returns for a wide midrange (deciles 4-8). Common to the three schedules is the nonlinearity. 

These patterns raise the possibility that the tradition of capturing the size factor (or distress or 

                                                 
29 These high returns cannot be due to data errors or liquidity problems because adding an extra small-firm risk factor (see 
infra), with the 10% smallest firms as S portfolio, to the model solves the abnormal returns by covariances. Data errors and 
liquidity problems are by nature random and would disable the extra risk factor in explaining common covariance risk. Short 
sale constraints on small stocks would cause higher prices or lower returns instead of high returns. 
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momentum factor) by just one number, the difference between a “hi” and a “lo” portfolio return, 

may be too simplistic. We return to this later on. 

We next test the robustness of the previous section’s finding re the importance of the size cover-

age in the data. In Section 2.2, the expansion of the data was done in line with Datastream’s 

gradually extending coverage. In practice this means that in the early 80s data, the number of 

stocks added next to those meeting the original FF criteria was small while it became quite large 

in the late 90s. To make sure that we are picking up a pure size effect and not some interaction 

between size and time, we now compare the full dataset with an alternative size-biased sample 

where the rate of data rejection is more constant over time. We also compare the importance of 

this size-coverage effect to a survivorship effect that is present in some studies. 

The standard stock list, in most Datastream-based research, is the country’s “market list”. This list 

suffers from two biases: it omits small stocks (as it climbs down the size list until 80 or 90% of 

the marketcap has been picked up), and it consists of just stocks that exist in the year of 

downloading. To be able to estimate the relative influence of either bias we extract two non-

random samples out of our full US set. The first set is survivorship biased: it altogether excludes 

any stock that disappeared at any time from the full US dataset during the period. For the size-

biased dataset, in contrast, at the end of each year we eliminate the 20% smallest stocks from the 

full US dataset for one year. This second dataset is free of survivorship bias as the 80% largest 

stocks still can be delisted during the year. 

Figures 2.4 to 2.6 plot the deciles’ average returns for the survivorship-biased sample. Comparing 

to the full-sample graphs, it becomes obvious that survivorship bias does not have any substantial 

influence on the average monthly dollar return of ten size-based portfolios. The size anomaly, 

notably, does not seem to be influenced by survival at all. But in the size-biased sample (Figures 

2.7 to 2.9) the positive size effect for the smallest stocks and the negative size effect for the larger 

stocks disappear completely when the dataset is size biased. The other return patterns seem unaf-

fected by either size or survival-based filters. In the case of distress, one reason may be that small 

firms often have missing accounting data and, therefore, have never entered the distress portfolios 

in the first place. 
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Table 2.15 provides statistical evidence rather than graphs. It lists the mean return on the size, 

distress and momentum factor portfolios in each of the three datasets, along with t-ratios relative 

to H0: µ=0. We see that the mean returns on all factor portfolios are significantly positive, except 

for the size-biased dataset where the SMB return differential is now insignificantly negative. 

Again, the conclusion is that the small-firm effect stems from, at most, the 20% smallest stocks. 

The distress and momentum factor portfolios, in contrast, do not seem to be substantially influ-

enced by survivorship or size bias. The average return of the momentum factor portfolio drops 

slightly when dead stocks are eliminated. Arguably, a burning-out process of dead stocks (succes-

sive months of negative returns) would strengthen the momentum factor portfolio. The average 

return of the momentum factor portfolio slightly rises when small stocks are eliminated. The in-

terpretation is not clear: small stocks may weaken the momentum factor portfolio, or small stocks 

may be more likely to exhibit short term reversals, or larger stocks may be more likely to exhibit 

short-term return persistence.30 

Table 2.15: Monthly factor portfolio averages (and t-statistics) for three US-databases 
 Free of bias Survivorship biased Size biased 
SMB 0.59 (3.00) 0.64 (3.13) -0.19 (-1.09) 
HML 1.09 (5.60) 1.09 (5.59) 1.00  (5.33) 
WML 0.74 (4.23) 0.63 (3.60) 0.83  (4.76) 

 

We test whether the mean or variance of the standard factor portfolios differ among the three 

versions of the US dataset. From Table 2.16, we again conclude that only the size bias has a sig-

nificant influence on the mean and variance of the size-factor portfolio. Note that even in that case 

the correlations between the various versions of the factor portfolio remain well above 90%. 

Table 2.16: P-values for mean- and variance-F-difference tests 
  Mean-F-test Var-F-test Correlation 

FREE - SURV 0.86 0.57 0.97 
FREE - SIZE 0.003 0.07 0.92 SMB 
SURV - SIZE 0.002 0.01 0.92 
FREE - SURV 0.99 0.98 0.99 
FREE - SIZE 0.74 0.60 0.97 HML 
SURV - SIZE 0.74 0.59 0.98 
FREE - SURV 0.68 0.83 0.97 
FREE - SIZE 0.68 0.90 0.97 WML 
SURV - SIZE 0.68 0.92 0.95 

 

To sum up: distress and momentum factor portfolios are hardly affected by either survivorship or 

size bias. Also the size-factor portfolio does not seem to be influenced much by survivorship bias, 

                                                 
30 A possible explanation of that view is that the price behavior of large stocks on average depends on the transactions of less 
professional or less dedicated investors. Less dedicated investors are likely to transact in larger firms due to extensive media 
attention towards larger firms and they are likely to keep away from smaller unknown firms. A less dedicated investor, how-
ever, has nor the means, the time or the skill to transact much or quickly (large transaction costs, slow information, less active 
trader). This could induce momentum in the larger stocks. Professional or dedicated investors invest more in smaller stocks 
compared to the less dedicated non-professional investor. So the price behavior of smaller stocks will on average depend on 
the transactions of more dedicated investors. However, a professional or dedicated investor has more means, time or skill to 
transact much and quickly (low transaction costs, fast information, more active trader). This could induce short term reversal 
into the small stock returns. 
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as far as we can tell (which may not be very far). However, size bias does have a large effect on 

the size-factor portfolio. It again looks as if the bulk of the size effect in the US market stems 

from, at most, the 20% smallest stocks. Stated differently, the results of the previous section are 

robust to the way the small stocks are eliminated from, or re-added to, the dataset. 

We also remember that, across deciles, returns seem to be evolving in a nonlinear way, suggesting 

that one single return differential may be insufficient to summarize the size effect (or momentum 

or distress effect). True, this inference is indicative only. For one thing, in theory the stocks’ sen-

sitivities to the factors could be sufficiently nonlinear in the decile’s order i to pick up the appar-

ent nonlinearity. Second, the sort is one-dimensional; in theory the omitted other risk factors 

could still be responsible for what here seems to be a nonlinearity. Still, we obtained very similar 

conclusions from the alphas in the previous section, where exposures to factors were used rather 

than quintile membership and where two dimensions of non-market risk were considered simulta-

neously. In the next section we extend this two-dimensional analysis to include the momentum 

factor. 

2.3.2 Two-dimensionally sorted portfolios 

There are not enough data to work with a full 5x5x5 classification: many cells in such a three-

dimensional classification remain empty, and others have pitifully few members. As a second best 

we can still study, sequentially, three two-way classifications. Specifically, based on its end-of-

period market value, book-to-market ratio and momentum every stock is assigned a membership 

of (i) one of 25 size-distress intersection portfolios; (ii) one of 25 size-momentum intersection 

portfolios and (iii) one of 25 distress-momentum intersection portfolios. The portfolios are up-

dated monthly, weighted equally and consist of US stocks only, for the period 1980-1999. 

The average returns for each set of 25 portfolios are shown graphically rather than as a set of 

numbers. For instance, the full piecewise-linear curve in Figure 2.10 connects the five mean re-

turns, for each of the market-value buckets listed on the horizontal axis, of the stocks in the high-

est distress bracket (the highest B/M). The dotted curve indicates the returns for the lowest dis-

tress firms, and so on. If all the schedules are roughly parallel, then the inference is, that our ear-

lier “marginal” patterns (from the one-dimensional sorts) are internally validated, and that the 

two-dimensional grid is the sum of two one-dimensional schedules. Non-parallel schedules, in 

contrast, would signal interactions on top of the additive main effects. 

The results can be broadly summarized as follows. Firstly, differences between the mean returns 

are mainly driven by the extreme quintiles: the dotted and the full schedule, which always refer to 

the first and last quintiles, almost everywhere occupy the most extreme positions, while the three 

other curves are much closer and frequently intercross. This echoes our finding from the one-
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dimensional analysis. Second, the middle schedules tend to resemble each other in shape, while 

for the extreme ones (dotted and full), this often is far less the case. Thus, interactions, if any, 

seem to be active mainly in extreme portfolios. The third general pattern is that, like in the one- 

dimensional analysis, the schedules are often far from linear, meaning they may be poorly sum-

marized by the returns and risks of just two portfolios. Lastly, there are some specific patterns. 

For instance, the influence of the distress category and the momentum category is largest for mid-

cap stocks; for the largest stocks, in contrast, momentum seems to have no influence on the ex-

pected stock return. Other findings are that the influence of size on the expected return is very 

small for “winner” half of schedule; and the influence of distress on the expected return is largest 

for loser stocks. 

Again, the suggestions of nonlinearities are indicative only: decile membership is not the same as 

sensitivity to a factor, and the omitted third risk factor or the market beta could still be responsible 

for what here seems to be a nonlinearity or an interaction in any of our two-dimensional grids. 

Still, the evidence seems sufficiently interesting to motivate a more detailed analysis, at the decile 

level and fully taking into account estimated exposure rather than decile or quintile membership. 

This is the topic of the next subsection, where we also try to construct factor portfolios so as to 

get the alphas of unmanaged funds as close to zero as possible. 

2.3.3 In search of optimal factor portfolios 

The conjecture behind the rest of this chapter is that the apparent mispricing in Sections 2.3.1 and 

2.3.2 stems from nonlinear relations between factor exposure and return, and that this may be 

resolved by using, in every risk dimension, two return differentials rather than one to summarize 

the return-risk relationship.31 We first explore this possibility by looking at one-dimensionally 

sorted decile portfolios in two-factor models where, next to the market, either size or momentum 

or distress is present. We then compare the performance of the full model, with its six factors, to 

competing models. In Section 2.4 we then test the approach largely out-of-sample, to wit on in-

ternational data. 

                                                 
31 An alternative procedure might have been to find a transformation of the factors such that the risk-return relationship be-
comes linear. 
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Figure 2.10: size-distress  
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Figure 2.11: size-momentum 
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Figure 2.12: distress-momentum 
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Figure 2.13: distress-size 
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Figure 2.14: momentum-size 
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Figure 2.15: momentum-distress 
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The construction of the factor and test portfolios always proceeds as follows. Decile breakpoints 

are set using all stocks, including Amex and NASDAQ firms. Stocks with an unknown market 

value or book-to-market value are also used to set breakpoints and to calculate the other factor 

portfolios (that is, all breakpoints and factor portfolios are broad-based). And all portfolios are 

equally weighted and updated monthly. All regression test t-statistics are computed using a SUR 

specification that accounts for intertemporal heteroskedasticity within each series beside, of 

course, cross-equation heteroskedasticity and correlation. 
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2.3.3.1 A second size factor 

The average monthly dollar returns of the size deciles for the period 1980-1999 were already 

shown in Figure 2.1, which revealed a large average return for the first-decile (smallest) stocks 

and a slightly higher average return for the largest stocks compared to the middle deciles. This 

last observation is in line with Fama and French (1992), who find evidence that the size premium 

in the US has become weaker in recent years. In fact, for 1980-1990 they document a negative 

size premium.32 Also Eun, Huang and Lai (2003) likewise find that, recently, the mean return is 

somewhat higher for large-cap funds than for small-cap funds in the US market.33 But from Fig-

ure 2.1 and the existing literature, it seems that there still exists a strong small-firm effect for the 

first-decile stocks in the US that is missed by databases that are too selective. Only when we go 

beyond our first- and second-decile stocks we see an inverted small-firm effect in the US. All this 

was about raw returns linked to decile membership, not returns risk-corrected via regression ex-

posure coefficients. 

Table 2.17 exhibits the alpha estimates and t-statistics for ten size-sorted test portfolios. We test 

three models: (i) the basic one-factor model with market risk as the only source of cross-sectional 

variation, (ii) a two-factor model with one traditional size factor composed like in Fama and 

French (1993)—long 50% smallest stocks and short 50% largest stocks—and (iii) on the basis of 

Figure 2.1 and the t-statistics of the one- and two-factor model, we now experiment with two 

long-short portfolios rather than one. The figure suggests two kinds of size risk: (a) the regular 

size factor like in Fama and French (1993) which holds for all stocks but the smallest; and (b) the 

risk inherent to the smallest stocks that cannot be accounted for by neither beta risk nor the regu-

lar FF size risk. Since FF already coined the label small for their not-so-small stock portfolio, we 

reluctantly chose the label micro stocks for our new factor, even though by many countries’ stan-

dards these micro stocks are still quite sizable. We let mSMB denote the micro-stock risk factor, 

defined as the return on a zero-investment portfolio that is long the first decile and short deciles 2 

to 10. We let rSMB denote the regular size risk factor, defined as a zero-investment portfolio that 

is long in stocks from deciles 2 and 3 and short stocks from deciles 6 to 9. Thus, in the alternative 

version, the two-factor size model has become a three-factor model, 

 ( )i f i i m f i i iR r R r mSMB rSMBα β γ δ ε− = + − + + + . (2.2) 

From Table 2.17, we see that the basic CAPM cannot price the smallest decile correctly; beta does 

not seem to be the only relevant exposure, in other words. We notice that the standard two-factor 

CAPM does a bad job—worse than the single-factor CAPM, in fact—in pricing unmanaged size 

                                                 
32 Fama and French (1992) use the CRSP database 
33 Eun, Huang and Lai (2003) use Datastream’s Market Data 
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portfolios: nine of ten alphas are significantly different from zero,34 and the first-decile alpha has 

become even worse. The fact that so many alphas are affected, and to such an extent, demon-

strates that most stocks do load on the FF size factor. Still, the result is clearly unsatisfactory. 

Table 2.17 shows that our model does a good job in pricing the ten size decile portfolios: none of 

the alphas is significantly different from zero. These conclusions remain valid when we use only 

NYSE stocks to calculate the decile breakpoints. 

2.3.3.2 A second distress factor 

The average monthly dollar returns for the distress-decile portfolios for the period 1980-1999 

were already shown in Figure 2.2. Recall that we saw a monotone positive but S-shaped schedule 

where the highest-distress decile really pops out, which might indicate an extra distress risk. To 

resolve this we look at the alpha t-statistics of ten distress-decile portfolios for the one-factor 

CAPM and a two-factor version that includes the standard distress factor, the 30% top-B/M stocks 

minus the 30% bottom-B/M stocks (Table 2.18). 

From Table 2.18 we conclude that the one-factor CAPM is not able to account for the distress 

risk: both growth and value portfolios have alphas that are significantly different from zero, with 

t’s ranging between -3 and +7. Table 2.18 also demonstrates that adding a standard distress factor 

portfolio improves the fit, but without whittling down the alphas to insignificant levels. On the 

basis of Figure 2.2 and the t-statistics of the one and two-factor model we propose a model with 

two distress factor portfolios: (i) extreme distress risk, i.e. the risk inherent to the highest B/M 

stocks that cannot be accounted for by beta risk nor normal distress risk; (ii) normal distress risk 

in the spirit of Fama and French (1993) but redefined to reduce overlap with extreme distress risk. 

Specifically, we introduce an eHML factor reflecting extreme risk, the return on a zero-investment 

Table 2.17: Alpha estimates and t-statistics: size-deciles 
 1-factor 2-factor alternative 
Small 1.68  (6.07) 1.02  (9.84) -0.10 (-0.47) 
2 0.08  (0.30) -0.55 (-4.76) -0.10 (-0.45) 
3 -0.15 (-0.60) -0.70 (-5.56) -0.04 (-0.15) 
4 -0.23 (-0.97) -0.72 (-5.20) -0.24 (-0.89) 
5 -0.22 (-0.97) -0.63 (-4.31) -0.24 (-0.86) 
6 -0.25 (-1.19) -0.55 (-3.51) -0.17 (-0.65) 
7 -0.13 (-0.72) -0.35 (-2.30) 0.03  (0.11) 
8 -0.18 (-1.13) -0.34 (-2.56) -0.08 (-0.35) 
9 -0.15 (-1.20) -0.23 (-2.08) -0.05 (-0.28) 
Big -0.09 (-1.76) -0.10 (-1.91) -0.01 (-0.12) 
# Sig 1 9 0 
Adj R2 0.68 0.86 0.82 
χ2-test 0.00 0.00 0.44 

 

                                                 
34 We are aware that only a Wald test on all alphas is the appropriate test for an asset pricing model. But we show the individ-
ual t-statistics to get a feeling of which portfolios might be priced badly and how we might make the model better. 
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Table 2.18: Alpha estimates and t-statistics: B/M-deciles 
 1-factor 2-factor alternative 
Low -0.60 (-2.66) 0.54  (2.59) -0.10 (-0.52) 
2 -0.39 (-1.99) 0.47  (2.43) -0.10 (-0.54) 
3 -0.23 (-1.27) 0.30  (1.44) -0.17 (-0.82) 
4 -0.16 (-0.88) 0.16  (0.82) -0.21 (-1.02) 
5 -0.13 (-0.75) -0.04 (-0.20) -0.29 (-1.44) 
6 0.03  (0.19) 0.00  (0.02) -0.19 (-0.98) 
7 0.27  (1.62) 0.04  (0.25) -0.20 (-1.07) 
8 0.56  (3.34) 0.13  (0.71) -0.11 (-0.59) 
9 0.85  (4.62) 0.30  (1.56) -0.03 (-0.16) 
High 1.53  (6.78) 0.88  (3.62) -0.16 (-0.86) 
# Sig 5 3 0 
Adj R2 0.69 0.74 0.78 
χ2-test 0.00 0.00 0.69 

 

Table 2.19: Alpha estimates and t-statistics: momentum-deciles 
 1-factor 2-factor alternative 
Loser -1.04 (-3.38) -0.28 (-1.01) -0.30 (-0.98) 
2 -0.45 (-1.94) 0.07  (0.33) 0.05  (0.23) 
3 -0.13 (-0.71) 0.27  (1.57) 0.24  (1.25) 
4 -0.01 (-0.08) 0.25  (1.42) 0.23  (1.26) 
5 0.07  (0.45) 0.30  (1.71) 0.29  (1.65) 
6 -0.01 (-0.04) 0.16  (0.91) 0.16  (0.90) 
7 -0.06 (-0.41) -0.03 (-0.16) -0.06 (-0.33) 
8 0.02  (0.11) -0.04 (-0.22) -0.08 (-0.45) 
9 0.07  (0.35) -0.09 (-0.42) -0.20 (-0.96) 
Winner 0.42  (1.65) 0.19  (0.68) -0.13 (-0.47) 
# Sig 1 0 0 
Adj R2 0.68 0.74 0.72 
χ2-test 0.00 0.00 0.01 

 

portfolio that is long the highest B/M-decile stocks (i.e. hi-distress firms in decile ten) and short 

all other B/M deciles. We also work with rHML reflecting the regular distress risk, measured as 

the return on a zero-investment portfolio that is long the value stocks in B/M deciles 8 to 10 and 

short the growth stocks B/M deciles 1 and 2. Thus, the two-factor B/M model has become a three-

factor model: 

 ( )i f i i m f i i iR r R r eHML rHMLα β φ ϕ ε− = + − + + + . (2.3) 

Table 2.18 shows that our model does a good job in pricing the ten distress decile portfolios as 

none of the alphas are significantly different from zero. These conclusions remain valid when we 

use only NYSE stocks to calculate the decile breakpoints. 

2.3.3.3 A modified momentum factor 

The average monthly dollar returns of the momentum deciles for the period 1980-1999 were al-

ready shown in Figure 2.3. We described the plot as an S-shaped rise. The apparent nonlinearity 

may still be picked up by the difference between decile membership and exposure, or by beta, so 

we investigate the ability of the one-factor CAPM to price unmanaged momentum portfolios. 

From Table 2.19 we conclude, familiarly, that the one-factor CAPM does not fully capture mo-

mentum risk. We introduce a standard momentum factor portfolio as the difference between the 
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30% winners and 30% losers as in Rouwenhorst (1999a), Carhart (1997) and Jegadeesh and Tit-

man (1993). This model seems to work well: all individual alphas are insignificant. But when we 

combine the standard momentum portfolio with the standard size and distress portfolio, i.e. the 

standard four-factor model, two portfolios are still mispriced (Table 2.20c, to be discussed be-

low).35 It turns out that no second momentum portfolio is needed to mend this. Rather, it suffices 

to redefine WML as the difference between returns from the 10% winners and the 20% losers. 

Thus, our two-factor momentum model is: 

 ( )i f i i m f i iR r R r WMLα β θ ε− = + − + + . (2.4) 

Table 2.19 shows that our model does a good job in pricing the ten momentum decile portfolios 

as none of the alphas are significantly different from zero. These conclusions are also valid when 

we use only NYSE stocks to calculate the decile breakpoints. 

In the next section we combine the three alternative models to one multi-factor model and test it 

more formally. 

2.3.4 Tests of the proposed factor specification  

In this section we combine the alternative size-, distress- and momentum model into one alterna-

tive multi-factor model. We show that, in pricing different kinds of unmanaged portfolios, this 

model does a better job than the standard multi-factor model with factor portfolios like in Fama 

and French (1993, 1995, 1996a, 1996b), Carhart (1997), Jegadeesh and Titman (1993) and Rou-

wenhorst (1999a). The standard multi-factor model is: 

 ( )i f i i m f i i i iR r R r SMB HML WMLα β γ δ φ ε− = + − + + + + , (2.5) 

where SMB (small minus big) is the size factor portfolio, viz. a zero-investment portfolio that is 

long the 50% smallest stocks and short the 50% largest stocks; HML (high minus low) is the dis-

tress factor portfolio, a zero-investment portfolio that is long the 30% highest B/M stocks and 

short the 30% lowest B/M stocks; and WML (winner minus loser) is the momentum factor portfo-

lio, a zero-investment portfolio that is long the 30% top past performers (winners) and short the 

30% lowest past performers (losers). All portfolios are equally weighted and updated monthly. 

Our alternative multi-factor model uses the same factor portfolios (size, distress and momentum) 

but is composed differently. Combining the alternative factor portfolios from the preceding sec-

tions into one model gives the following alternative multi-factor model: 

 
 

( )

,

i f i i m f i i i

i i i

R r R r mSMB rSMB eHML

rHML WML

α β γ δ φ

ϕ θ ε

− = + − + + +

+ + +
 (2.6) 

with the factors as defined in Section 2.3.3. 

                                                 
35 Also in Table 2.19 our alternative momentum model does slightly better than the standard momentum model in the sense 
that the Wald statistic is lower. 
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2.3.4.1 The pricing of one-dimensional test portfolios 

We demonstrate that the alternative model is a better model to price unmanaged one-dimensional 

test portfolios—that is, stocks sorted on either size, distress or momentum—than the standard 

four-factor model. In this section we add three robustness checks. 

We showed in Section 2.2.3 that switching from yearly updated factor portfolios (SMB and HML 

in Table 2.7) to monthly updated factor portfolio (SMB and HML in Table 2.8b) generated more 

significant alphas (13 against 5). However, we demonstrate that yearly updated—in stead of 

monthly updated—factor portfolios (SMB and HML) cannot save the standard four-factor model. 

It is also possible that the beta coefficient of small stocks is underestimated because of liquidity 

problems associated with small illiquid stocks. The limited liquidity makes estimation of contem-

poral covariance of small stocks with the market return difficult. We can mitigate this problem to 

some extent by including the two leads and lags of the market return. This way we enlarge the 

market return window with which small stocks can covary as in Dimson (1979).36 

Last, we also tried to save the standard four-factor model by using the original risk factors (SMB 

and HML) from Fama and French (1993), however, updated to December 1999.37  

In Table 2.20a, 2.20b and 2.20c the estimated alphas of the alternative model are always insignifi-

cantly different from zero and the Wald test cannot reject the null hypothesis of zero alphas. Un-

der the standard four-factor model with monthly or yearly updated factor portfolios (SMB and 

HML) there are alphas significantly different from zero and the Wald tests always reject the null 

hypothesis of zero alphas. The significant alphas are clearly not solved by adding two leads and 

lags of the market risk factor. We therefore conclude that the underestimated beta argument due to 

possible liquidity problems associated with small stocks cannot invalidate the alternative compo-

sition of the size-risk factor—with its two size factors—that does get the alphas right. Also the 

original Fama-French risk factors are not able to save the standard four-factor model. We con-

clude that the alternative model is a better model in pricing unmanaged size-, distress- or momen-

tum sorted portfolios. 

                                                 
36 Dimson (1979) estimates market sensitivities (betas) in the presence of thin trading via a multiple regression that includes 
leads and lags of the market return–leads because part of today's true market return will show up tomorrow only because some 
stocks do not trade today, and lags because for a stock that did not trade yesterday, today's reported return is partly explained 
by yesterday's true market return. 
37 Downloaded from http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_library.html  
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Table 2.20a: Alpha estimates and-t-statistics: size-sorted test portfolios 

 four-factor four-factor
(yearly factors)* 

four-factor
(2 leads & lags of Rm) 

four-factor
(FF size & distress factor) alternative 

Small 1.32 (10.00) 1.44 (12.43) 1.25  (9.87) 2.08 (12.20) 0.22  (0.84) 
2 -0.29  (-1.93) -0.11  (-0.79) -0.25 (-1.64) 0.49   (3.13) 0.19  (0.66) 
3 -0.32  (-1.88) -0.25  (-1.56) -0.38 (-2.34) 0.23   (1.87) 0.32  (1.13) 
4 -0.29  (-1.49) -0.23  (-1.30) -0.25 (-1.35) 0.13   (1.11) 0.22  (0.64) 
5 -0.11  (-0.54) -0.14  (-0.78) -0.18 (-0.94) 0.13   (1.34) 0.17  (0.50) 
6 0.05   (0.26) -0.05  (-0.26) 0.05  (0.28) 0.10   (0.92) 0.30  (0.92) 
7 0.17   (0.85) 0.06   (0.29) 0.14  (0.68) 0.14   (1.14) 0.38  (1.22) 
8 0.12   (0.70) 0.02   (0.10) 0.07  (0.39) 0.09   (0.81) 0.22  (0.84) 
9 0.01   (0.04) -0.03  (-0.26) -0.01 (-0.04) 0.07   (0.54) 0.11  (0.50) 
Big -0.03  (-0.40) -0.05  (-0.81) -0.06 (-0.89) 0.09   (0.82) 0.05  (0.38) 
# Sig 1 1 2 2 0 
Adj R2 0.86 0.86 0.86 0.89 0.82 
χ2-test 0.00 0.00 0.00 0.00 0.88 

 

Table 2.20b: Alpha estimates and-t-statistics: distress-sorted test portfolios 

 four-factor four-factor
(yearly factors)* 

four-factor
(2 leads & lags of Rm) 

four-factor
(FF size & distress factor) alternative 

Low 0.44  (2.92) -0.03 (-0.20) 0.38  (2.56) -0.13  (-0.94) 0.43  (1.69) 
2 0.44  (2.76) 0.07  (0.47) 0.39  (2.50) 0.04   (0.33) 0.44  (1.60) 
3 0.27  (1.53) 0.03  (0.18) 0.22  (1.27) 0.09   (0.79) 0.23  (0.77) 
4 0.10  (0.55) 0.05  (0.26) 0.11  (0.64) 0.16   (1.27) 0.29  (0.97) 
5 -0.10 (-0.53) -0.04 (-0.23) -0.03 (-0.19) 0.15   (1.28) 0.39  (1.35) 
6 0.02  (0.11) 0.07  (0.38) 0.14  (0.72) 0.28   (2.76) 0.46  (1.69) 
7 0.09  (0.61) 0.20  (1.38) 0.08  (0.53) 0.53   (5.58) 0.39  (1.58) 
8 0.11  (0.66) 0.33  (2.19) 0.09  (0.58) 0.76   (6.99) 0.42  (1.61) 
9 0.24  (1.56) 0.54  (3.53) 0.24  (1.58) 1.03   (9.42) 0.49  (1.85) 
High 0.80  (4.59) 1.10  (7.19) 0.65  (4.12) 1.84 (13.33) 0.39  (1.57) 
# Sig 3 3 3 5 0 
Adj R2 0.84 0.84 0.84 0.89 0.81 
χ2-test 0.00 0.00 0.00 0.00 0.30 

 

Table 2.20c: Alpha estimates and-t-statistics: momentum-sorted test portfolios 

 four-factor four-factor
(yearly factors)* 

four-factor
(2 leads & lags of Rm) 

four-factor
(FF size & distress factor) alternative 

Loser -0.24 (-1.10) -0.35 (-1.72) -0.24 (-1.10) -0.03 (-0.19) -0.05 (-0.12) 
2 -0.07 (-0.40) -0.08 (-0.52) -0.12 (-0.74) 0.21  (2.05) 0.16  (0.53) 
3 0.16  (1.06) 0.13  (1.00) 0.11  (0.74) 0.38  (3.84) 0.23  (0.87) 
4 -0.04 (-0.27) 0.02  (0.14) -0.07 (-0.42) 0.28  (2.81) 0.18  (0.67) 
5 -0.05 (-0.29) 0.06  (0.39) -0.02 (-0.11) 0.30  (3.09) 0.36  (1.39) 
6 -0.17 (-1.03) -0.07 (-0.46) -0.13 (-0.90) 0.20  (2.04) 0.26  (1.09) 
7 -0.35 (-2.21) -0.26 (-1.74) -0.31 (-1.99) 0.00  (0.04) 0.15  (0.65) 
8 -0.33 (-2.05) -0.23 (-1.47) -0.30 (-2.01) 0.02  (0.23) 0.17  (0.69) 
9 -0.20 (-1.26) -0.24 (-1.56) -0.21 (-1.31) 0.04  (0.35) 0.00  (0.02) 
Winner 0.38  (1.64) 0.17  (0.88) 0.27  (1.27) 0.49  (3.41) 0.05  (0.16) 
# Sig 2 0 2 6 0 
Adj R2 0.85 0.85 0.85 0.91 0.81 
χ2-test 0.00 0.00 0.00 0.00 0.37 

Boldface signals significance at a 5% level using SUR standard error taking into account cross-equation correlation and 
intertemporal heteroscedasticity; # Sig is the number of significant alphas; Adj R2 is the average adjusted R-squared; and 
χ2-test is the p-value of the Wald test (H0: all alphas equal to zero). 
*SMB and HML are updated yearly. WML is updated monthly. 

 

2.3.4.2 The pricing of two-dimensional test portfolios 

We next demonstrate that the alternative model is also a better model to price the unmanaged two-

dimensional size-distress-sorted test portfolios that fared so badly in the FF tests of Section 2.2. 

We calculate the left-side portfolios in the same three ways that we used before: narrow-based 
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breakpoints and test portfolios that use only stocks with price and book info (Table 2.21); broad-

based breakpoints and narrow-based test portfolios (Table 2.22); and broad-based breakpoints and 

test portfolios where the maximum amount of return info is used (Table 2.23). The factor portfo-

lios, in contrast, are always broad-based, again as described in Section 2.2. 

In Table 2.21, showing the results from the narrow-based breakpoints and test portfolios, the al-

ternative model has just half of the number of rejections that the standard version has (5 against 

9). In Table 2.22 (broad-based breakpoints but narrow-based test portfolios) the evidence is not 

good in terms of the number of rejections (8 against 7), but the t-statistics are not nearly as large. 

The biggest is 2.68, down from 6.86, and the average significant t-statistic is 2.31, down from 

2.40. In Table 2.23, finally, which is based on the broad data, the number of rejections falls from 

7 (including a 6.23) to just one lone 2.12. We conclude that the alternative model does a better job 

in pricing the size-distress portfolios that failed the FF tests of Section 2.2. 

We also compared the ability of both models to price unmanaged two-dimensional size-

momentum (Table 2.24) and momentum-distress portfolios (Table 2.25). We calculate the left-

side portfolios with the maximum amount of return info available i.e. broad-based breakpoints 

and test portfolios.38 In Table 2.24 and 2.25, the alternative model beats the standard four-factor 

model both in terms of significant alphas (1 against 4; 0 against 4) and in terms of the χ2-statistic 

(42.76 against 160; 54.53 against 106). We conclude that the alternative model does a better job 

in pricing unmanaged size-momentum and momentum-distress portfolios than the standard four-

factor model. 

2.3.4.3 Out-of-sample tests 

Fama and French (1995) point out that spurious common variation might be induced when the 

regressor portfolios SMB and HML are constructed from the same stocks as the regressand test 

portfolios.39 To avoid this, they provide a test where the stocks in the left-hand-side portfolios are 

different from those on the right-hand side. Specifically, they split the data into two equal groups. 

One group provides the dependent value-weighted size-B/M test portfolios for the time-series 

regressions. The other is used to form explanatory factor portfolio returns. 

We proceed similarly. Stocks are ranked alphabetically; the odd-numbered are used to calculate 

the left-side test portfolios, from the even-numbered stocks we calculate the right-side risk fac-

tors. 

Table 2.23 and 2.26 produce reassuringly similar alpha estimates and t-statistics. Thus, spurious 

correlation does not seem to have been behind our earlier good results. This is in line with Fama 

                                                 
38 As the availability of marketcaps and returns are equal, there is no difference between broad- and narrow-based size-
momentum test portfolios. 
39 Fama and French (1995) investigate size and book-to-market factors, a momentum factor is not included. 
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and French (1995). The tables also show the importance of sample size: in the four-factor model, 

the rejections are down from seven to five; still, the alternative model comes out with just one. 

Table 2.21: Size-Distress: Narrow-based breakpoints and test portfolios 
  Low 2 3 4 High  

Small 1.00  (3.84) 0.28  (1.16) 0.28  (1.17) 0.23  (1.08) 0.96  (5.84)  
2 -0.13 (-0.55) 0.43  (1.46) 0.10  (0.36) 0.43  (2.13) 0.30  (1.47)  
3 0.55  (2.10) 0.50  (1.91) 0.16  (0.67) 0.01  (0.06) 0.48  (2.05) # Sig: 9 
4 0.45  (2.00) 0.27  (1.32) -0.21 (-1.12) -0.02 (-0.12) 0.20  (1.15) Adj R2: 0.79 4-

fa
ct

or
 

m
od

el
 

Big 0.46  (3.90) -0.25 (-2.02) -0.45 (-3.03) -0.14 (-1.01) 0.23  (0.93) χ2-test: 0.00(143.75) 
Small 0.81  (1.59) -0.22 (-0.44) 0.86  (2.29) 0.67  (1.93) 0.70  (2.49)  
2 0.03  (0.06) 0.58  (1.25) 0.91  (2.25) 0.95  (3.17) 0.44  (1.46)  
3 0.39  (0.92) 0.49  (1.24) 0.65  (1.83) 0.36  (1.16) 0.59  (1.67) # Sig: 5 
4 0.32  (0.99) 0.43  (1.39) 0.04  (0.14) -0.08 (-0.29) 0.33  (1.18) Adj R2: 0.76 

Al
te

rn
at

iv
e 

m
od

el
 

Big 0.51  (2.67) -0.08 (-0.41) -0.27 (-1.18) 0.02  (0.10) -0.18 (-0.65) χ2-test: 0.00(67.60) 
 

Table 2.22: Size-Distress: Broad-based breakpoints; narrow-based test portfolios 
  Low 2 3 4 High  

Small 2.01  (3.22) 0.60  (1.39) 0.33  (0.92) 0.40  (1.60) 1.17  (6.86)  
2 0.33  (1.32) -0.01 (-0.05) -0.04 (-0.15) 0.10  (0.48) 0.36  (1.79)  
3 0.05  (0.19) 0.56  (2.29) 0.14  (0.49) 0.21  (1.00) 0.58  (2.49) # Sig: 7 
4 0.62  (2.66) 0.26  (1.15) 0.03  (0.13) 0.09  (0.48) 0.32  (1.68) Adj R2: 0.76 4-

fa
ct

or
 

m
od

el
 

Big 0.39  (3.53) -0.16 (-1.24) -0.40 (-2.75) -0.13 (-1.00) 0.15  (0.77) 2-test: 0.00(167.13) 
Small 2.04  (2.36) -0.94 (-1.32) 0.38  (0.74) 0.72  (1.69) 0.76  (2.56)  
2 0.43  (0.89) -0.01 (-0.01) 0.96  (2.20) 0.89  (2.68) 0.48  (1.41)  
3 -0.13 (-0.33) 0.79  (1.99) 0.81  (2.06) 0.68  (2.18) 0.54  (1.55) # Sig: 8 
4 0.51  (1.35) 0.38  (1.12) 0.39  (1.32) 0.16  (0.55) 0.43  (1.64) Adj R2: 0.73 

Al
te

rn
at

iv
e 

m
od

el
 

Big 0.42  (2.45) 0.02  (0.11) -0.17 (-0.79) -0.13  (0.64) -0.03 (-0.15) χ2-test: 0.00(75.93) 
 

Table 2.23: Size-Distress: Broad-based breakpoints and test portfolios 
  Low 2 3 4 High  

Small 0.70  (3.11) 0.58  (2.48) 0.57  (2.97) 0.08  (0.43) 0.80  (6.23)  
2 -0.25 (-1.16) -0.15 (-0.58) -0.32 (-1.53) -0.45 (-2.22) -0.22 (-1.32)  
3 0.07  (0.26) 0.20  (0.89) -0.25 (-1.01) -0.22 (-1.08) 0.13  (0.61) # Sig: 7 
4 0.47  (1.90) 0.08  (0.38) 0.02  (0.08) -0.02 (-0.09) 0.01  (0.06) Adj R2: 0.82 4-

fa
ct

or
 

m
od

el
 

Big 0.37  (3.37) -0.17 (-1.30) -0.33 (-2.34) -0.20 (-1.69) 0.16  (0.84) χ2-test: 0.00(173.12) 
Small -0.07 (-0.18) -0.14 (-0.38) 0.30  (0.97) -0.08 (-0.26) 0.55  (1.96)  
2 0.09  (0.25) 0.04  (0.09) 0.52  (1.54) 0.33  (1.08) 0.27  (0.90)  
3 -0.14 (-0.36) 0.40  (1.08) 0.39  (1.09) 0.33  (1.07) 0.22  (0.61) # Sig: 1 
4 0.28  (0.76) 0.24  (0.74) 0.39  (1.32) 0.29  (1.08) 0.37  (1.33) Adj R2: 0.79 

Al
te

rn
at

iv
e 

m
od

el
 

Big 0.36  (2.12) 0.00 (-0.00) 0.00  (0.01) -0.14 (-0.66) 0.11  (0.52) χ2-test: 0.0007(53.70) 
 

Table 2.24: Size-Momentum: Broad-based breakpoints and test portfolios 
  Loser 2 3 4 Winner  

Small 0.10  (0.50) 0.06  (0.30) -0.11 (-0.58) -0.07 (-0.31) 0.41  (1.66)  
2 -0.80 (-3.95) -0.35 (-2.06) -0.26 (-1.24) -0.29 (-1.33) -0.06 (-0.26)  
3 -0.33 (-1.34) -0.01 (-0.04) -0.07 (-0.32) -0.40 (-1.70) 0.33  (1.44) # Sig: 4 
4 0.12  (0.48) 0.33  (1.71) -0.12 (-0.61) -0.25 (-1.30) 0.22  (0.93) Adj R2: 0.81 4-

fa
ct

or
 

m
od

el
 

Big 0.54  (2.03) 0.21  (1.58) -0.03 (-0.25) -0.43 (-3.27) -0.23 (-1.20) χ2-test: 0.00(160.68) 
Small -0.32 (-0.89) 0.05  (0.16) 0.04  (0.13) 0.15  (0.41) 0.30  (0.70)  
2 -0.22 (-0.60) 0.01  (0.03) 0.29  (0.89) 0.54  (1.73) 0.24  (0.65)  
3 -0.09 (-0.21) 0.17  (0.49) 0.43  (1.27) 0.17  (0.51) 0.32  (0.89) # Sig: 1 
4 0.49  (1.23) 0.39  (1.31) 0.34  (1.23) 0.23  (0.88) 0.11  (0.32) Adj R2: 0.77 

Al
te

rn
at

iv
e 

m
od

el
 

Big 0.93  (2.36) 0.27  (1.24) 0.29  (1.26) -0.05 (-0.26) -0.44 (-1.87) χ2-test: 0.02(42.75) 
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Table 2.25: Momentum-Distress: Broad-based breakpoints and test portfolios 
  Low 2 3 4 High  

Loser -0.67 (-3.05) -0.25 (-0.96) -0.32 (-1.38) 0.01  (0.07) 0.12  (0.60)  
2 0.43  (2.20) 0.04  (0.23) -0.01 (-0.03) 0.01  (0.06) -0.10 (-0.67)  
3 -0.04 (-0.25) 0.00 (-0.01) -0.21 (-0.97) -0.14 (-0.88) -0.05 (-0.28) # Sig: 4 
4 -0.01 (-0.06) -0.18 (-1.09) -0.68 (-3.59) -0.58 (-2.85) -0.12 (-0.60) Adj R2: 0.82 4-

fa
ct

or
 

m
od

el
 

Winner 0.23  (1.06) 0.06  (0.28) -0.01 (-0.03) -0.11 (-0.49) 0.14  (0.57) χ2-test: 0.00(106.26) 
Loser -0.45 (-1.21) -0.29 (-0.68) 0.27  (0.72) 0.46  (1.23) 0.08  (0.20)  
2 0.33  (1.17) 0.21  (0.68) 0.30  (1.09) 0.22  (0.78) -0.20 (-0.71)  
3 0.24  (0.94) 0.37  (1.27) 0.45  (1.54) 0.31  (1.30) 0.10  (0.30) # Sig: 0 
4 0.17  (0.78) 0.21  (0.80) -0.14 (-0.53) 0.20  (0.76) 0.38  (1.29) Adj R2: 0.78 

Al
te

rn
at

iv
e 

m
od

el
 

Winner -0.14 (-0.44) -0.07 (-0.19) 0.37  (1.23) -0.05 (-0.14) 0.55  (1.46) χ2-test: 0.001(54.53) 
 

Table 2.26: Size-Distress: Separate data left and right 

broad-based breakpoints and test portfolios 
  Low 2 3 4 High  

Small 0.54  (1.94) 0.38  (1.38) 0.18  (0.65) 0.67  (2.59) 0.36  (2.49)  
2 -0.28 (-0.97) -0.16 (-0.51) -0.16 (-0.69) -0.07 (-0.30) -0.46 (-3.18)  
3 -0.36 (-1.28) -0.26 (-0.95) -0.31 (-1.25) -0.17 (-0.75) -0.44 (-2.71) # Sig: 5 
4 0.03  (0.11) -0.24 (-1.11) -0.17 (-0.80) 0.17  (0.83) -0.08 (-0.50) Adj R2: 0.76 4-

fa
ct

or
 

m
od

el
 

Big 0.92  (4.28) 0.12  (0.52) 0.40  (1.92) 0.20  (0.96) 0.02  (0.12) χ2-test: 0.00(130.76) 
Small 0.18  (0.42) -0.09 (-0.22) -0.30 (-0.70) 0.28  (0.68) 0.18  (0.74)  
2 -0.54 (-1.24) -0.25 (-0.53) 0.04  (0.12) -0.12 (-0.33) -0.25 (-1.00)  
3 -0.19 (-0.47) 0.15  (0.38) 0.06  (0.18) 0.23  (0.74) -0.33 (-1.40) # Sig: 1 
4 -0.06 (-0.18) 0.11  (0.36) 0.09  (0.30) 0.43  (1.62) 0.07  (0.33) Adj R2: 0.71 

Al
te

rn
at

iv
e 

m
od

el
 

Big 0.56  (1.76) 0.16  (0.45) 0.34  (1.05) 0.54  (2.05) -0.21 (-0.78) χ2-test: 0.0003(57.02) 
Boldface signals significance at a 5% level using SUR standard error taking into account cross-equation correlation and 
intertemporal heteroscedasticity; # Sig is the number of significant alphas; Adj R2 is the average adjusted R-squared; and χ2-
test is the p-value of the Wald test (H0: all alphas equal to zero). 
 

2.3.5 Conclusion 

The alternative model provides a significantly improved version relative to the standard three- or 

four-factor CAPM with factor portfolios of Fama and French (1993, 1995, 1996a, 1996b), Carhart 

(1997), Jegadeesh and Titman (1993) and Rouwenhorst (1999a). Our model produces estimated 

alphas closer to zero for one-dimensional size, distress and momentum portfolios and two-

dimensional size-distress, size-momentum and momentum-distress portfolios. However, the evi-

dence so far bears on the US market only, and the factor portfolios were hand-picked to fit this 

dataset. In the next section, we accordingly test whether the alternative factor portfolios keep on 

producing estimated alphas close to zero in an international setting. 

2.4 International Validation 
Recall that Fama and French (1993) calculated the size- and distress-decile breakpoints on the 

NYSE stocks only, and used these to catalogue all US stocks, including Amex and NASDAQ 

stocks. One of our criticisms was that this procedure is difficult to implement in an international 
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setting. When Fama and French (1998) investigate value versus growth effects in an international 

setting they abandon this procedure and calculate the decile breakpoints from all stocks. 

They proceed by calculating their size and distress factor portfolios (SMB and HML) for each 

country separately. The global SMB and HML factor portfolios are then constructed as averages of 

these country factor portfolios, weighted according to the MSCI country weights. This surely 

avoids the risk that, say, the Big portfolio becomes very much a US affair. However, in some 

countries the range of corporate size or B/M is quite narrow: many small Western countries have 

no really big firms, and some emerging markets specialize in one sector, thus reflecting the rather 

similar size or book-to-market figures that are typical for that sector. In short, one issue is whether 

classification into, say, the B or S buckets should be done country by country or via one global 

list. 

Another issue again is value weighting. In FF (1998) this happens within countries and across 

countries, via the MSCI weights. The combined effect is to downplay the small-firm effect even 

more than within the US study: many small firms are conjured away, being classified as locally 

Big rather than globally Small and then drowned in the value-weighted global Big portfolio. A 

related drawback is that both S and B are now dominated by US firms, making the international 

sample rather similar to the American one. Lastly, in FF (1998) there is a requirement that book 

data be known, and this again eliminates many of the smaller stocks. We accordingly prefer to 

construct the size, distress and momentum factor portfolios in one shot, from the global stock list; 

we use equally weighted portfolio returns for all factors other than the world market; and when-

ever possible we include also stocks with an unknown book-to-market value. 

The international database covers 39 countries40, both developed and emerging. In building the 

country list we tried to cover as much of the world as possible taking into account the availability 

and reliability of data. For each stock we know the end-of-month monthly dollar return, monthly 

dollar market value, Level-4 sector category, nationality, and (sometimes) monthly book-to-

market ratio, for part or all of the period 1980-1999. For each country we also know the end-of-

month monthly dollar exchange rate return and end-of-month monthly risk-free rates for the pe-

riod 1980-1999. Most of these exchange and interest rates originate from the IFS-IMF database, 

and in general the end-of-period central bank discount rate is taken as the risk-free interest rate. 

Like in previous sections, all portfolios are equally weighted and updated monthly. The world 

market return is the monthly dollar return of Datastream’s world-market index. 

In the next paragraphs, we investigate whether the alternative composition of the factor portfolios 

from the US setting (previous section), also works in an international setting. To do so, we com-

                                                 
40 Argentina, Australia, Austria, Belgium, Brazil, Canada, Chile, China, Colombia, Denmark, Finland, France, Germany, 
Greece, Hong Kong, India, Indonesia, Ireland, Italy, Japan, Luxemburg, Malaysia, Mexico, Netherlands, New Zealand, Nor-
way, Peru, Philippines, Portugal, Singapore, South Korea, South-Africa, Spain, Sweden, Switzerland, Taiwan, Thailand, 
United Kingdom, United States. 
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pare the alpha estimates and t-statistics of six models for test portfolios, constructed using twelve 

alternative criteria: (i) ten size deciles; (ii) ten distress deciles; (iii) ten momentum deciles; (iv) 25 

size-distress portfolios; (v) 25 size-momentum portfolios; (vi) 25 momentum-distress portfolios; 

(vii) ten ex-US size deciles; (viii) ten ex-US distress deciles; (ix) ten ex-US momentum deciles; 

(x) 25 ex-US size-distress portfolios; (xi) 25 ex-US size-momentum portfolios and (xii) 25 ex-US 

momentum-distress portfolios. 

The first model is the basic one-factor CAPM, 

 ( )1 , , 1 , 1
US US

t f t m t f t tR r R rα β ε+ + +− = + − + . (2.7) 

When testing the pricing of one-dimensional style portfolios, one obvious generalization is to add 

either the standard size, distress or momentum factor. That is, 

 ( )1 , , 1 , 1 1
US US

t f t m t f t t tR r R r RFα β γ ε+ + + +− = + − + + , (2.8) 

where RFt+1 is the appropriate factor portfolio corresponding to the criterion used when sorting 

the left-hand-side test portfolios. The factor portfolios are set up following Fama and French 

(1993, 1995, 1996a, 1996b), Carhart (1997), Jegadeesh and Titman (1993) and Rouwenhorst 

(1999a) except that portfolios are equally weighted and updated monthly.41 

CAPM 3 is the nested version of the above three, the standard four-factor CAPM: 

 ( )1 , , 1 , 1 1 1 1
US US

t f t m t f t t t t tR r R r SMB HML WMLα β γ δ φ ε+ + + + + +− = + − + + + + . (2.9) 

CAPM 4 is obtained by adding the two factors identified in the US tests (the micro-stock and 

extreme-distress factors) and re-specifying the SMB, HML and WML factors as described in Sec-

tion 2.3.3, the alternative six-factor CAPM: 

 
( )

 
1 , , 1 , 1 1 1

1 1 1.

US US
t f t i i m t f t i t i t i ti

i t i t t

R r R r mSMB rSMB eHML

rHML WML

α β γ δ φ

ϕ θ ε
+ + + + +

+ + +

⎡ ⎤− = + − + + +⎣ ⎦
+ + +

 (2.10) 

The next candidate model adds the InCapm exchange-rate factors to the standard four-factor 

specification.42 Individual stocks can be exposed to exchange rate fluctuations because the going 

exchange rate partly determines a firm’s domestic-currency cash flows from importing or export-

ing goods or services. Exchange rates also affect a firm’s foreign-currency prices for goods or 

services and hence the demand for its output. Lastly, the firm’s stock price is converted into dol-

lars; thus, even if a firm’s own-currency stock return would not be exposed to exchange rate fluc-

tuations, it’s translated stock return would still be. This last aspect is the main reason why an In-

                                                 
41 Thus, SMB (small minus big) is the size factor portfolio: a zero-investment portfolio that is long the 50% smallest stocks 
and short the 50% largest stocks; HML (high minus low) is the distress factor portfolio: a zero-investment portfolio that is 
long the 30% highest B/M stocks and short the 30% lowest B/M stocks; and WML (winner minus loser) is the momentum 
factor portfolio: a zero-investment portfolio that is long the 30% highest past-performers (winners) and short the 30% lowest 
past-performers (losers). 
42 In a nutshell, an international capital asset pricing model (InCapm) takes into account possible real exchange rate risks 
because every investor measures returns in the real terms that are specific for her country rather than in a common currency 
(the USD, here). However, inflation differentials are dwarfed by exchange-rate changes, so that the real rate closely tracks the 
nominal one; and inflation rates are virtually uncorrelated with stock returns anyway. Thus, following standard practice we 
use nominal exchange-rate changes rather than real ones (the Solnik (1974)-Sercu (1980) model). 
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Capm may be needed when testing the pricing of stocks from many countries. US stocks are also 

held by non-US residents, so in principle the average investor does care about exposures. But for 

US stocks it is hard to establish that currency exposures are in fact non-zero (see Bartov and Bod-

nar, 1994; Bodnar and Gentry, 1993; Allayannis, 1995; and Allayannis, 1997). In contrast, foreign 

stocks on average do betray their nationality via exposure to their own exchange rate (Adler and 

Dumas, 1984). 

The Solnik-Sercu model is a static international CAPM featuring the world market-portfolio re-

turn and the excess returns from investing in each non-USD currency. It has no state variables, so 

an obvious extension will be to add the standard SMB, HML and Momentum factors. Including all 

39 currencies is not recommendable as the power of the alpha tests will drop dramatically, but 

apart from this consideration there are no clear guidelines or standard practices. Jorion (1990) 

proposes to use a fixed trade-weighted basket of currencies, but this assumes that all stocks have a 

vector of currency exposures that is proportional to the trade weights—a restriction which Rees 

and Unni (1999) reject empirically. We adopt a compromise. Specifically, we include in every 

regression the individual currencies of seven countries (C7), taking at least one currency per con-

tinent and looking, per continent, at economic weight and number of stocks in our database. This 

“C7” list contains the Canadian Dollar, British Pound and Deutsche Mark, Japanese Yen and 

Korean Won, Australian Dollar and South African Rand. All stocks are allowed to be exposed, 

without any prior restrictions, to each of these C7 currencies. On top of that, non-C7 stocks are 

assumed to have a common exposure to their own exchange rate (Adler and Dumas, 1984). Since 

the regressand variables are portfolio returns, this last assumption means that for each such test 

portfolio a basket of currency deposits is created which gives to each non-C7 currency the same 

weight as the stocks from that country have in the particular test portfolio. Thus, if a portfolio 

contains n1 stocks from non-C7 currency 1 and n2 stocks from non-C7 currency 2, then the basket 

consists of n1/(n1+n2) invested in currency 1 and n2/(n1+n2) invested in currency 2. In regressions 

with country portfolios as the regressands, this currency factor collapses to the country’s own 

currency factor; for the C7 country indices and U.S. index, this 8th currency factor is therefore 

redundant and dropped from the regression. The nested Solnik-Sercu/four-factor model reads like 

 
( )1 , , 1 , 1 1 1

7

, , 1 , 1 1
1

,

US US
t f t i i m t f t i t i t i ti

i k k t i i t t
k

R r R r SMB HML WML

XF CXF

α β γ δ φ

ψ ζ ε

+ + + + +

+ + +
=

⎡ ⎤− = + − + + +⎣ ⎦

+ + +∑
 (2.11) 

 and  with 1*
1 1 , , 1

t tUS
t t f t f t t

t

S S
XF s r r s

S
+

+ + +
−

= + − = , (2.12) 

where the right-side factor portfolios (SMB, HML and WML) are like in the standard four-factor 

model. Subscript i stands for the i-th left-side test portfolio, subscript k denotes the k-th exchange 

factor portfolio and CXFi refers to the compound non-C7 exchange factor portfolio tailored for 
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the i-th test portfolio. S denotes the going spot exchange rate (USD per foreign currency) and r*
f,t 

the foreign risk-free interest rate. 

The last CAPM candidate is obtained by adding the two factors identified in the US tests (the 

micro-stock and extreme-distress factors) and re-specifying the SMB, HML and WML factors as 

described in Section 2.3.3: 

 
( )

 

1 , , 1 , 1 1 1

7

1 1 , , 1 , 1 1
1

.

US US
t f t i i m t f t i t i t i ti

i t i t i k k t i i t t
k

R r R r mSMB rSMB eHML

rHML WML XF CXF

α β γ δ φ

ϕ θ ψ ζ ε

+ + + + +

+ + + + +
=

⎡ ⎤− = + − + + +⎣ ⎦

+ + + + +∑
 (2.13) 

2.4.1 Results for size, distress, and momentum test portfo-

lios 

US firms take up 55% of the total sample by numbers, but are relatively underrepresented in the 

lower size quintile, where they provide only 45% of the observations. Still, when we look at the 

plot, in Figure 2.16, of the average monthly dollar return of the ten international size-deciles for 

the period 1980-1999, it looks a lot like Figure 2.1 (US market). Thus, also in an international 

setting there seems to exist a strong small firm effect for the smallest stocks—unless, of course, 

the high average return would be explained by beta. In contrast, the inverted small-firm effect in 

the US market, where the average return of the biggest firms was slightly higher than the average-

sized firms, disappears in an international setting: bigger firms earn monotonely less. From Table 

2.27, we see that also in an international setting the specification of the factor portfolios plays an 

important role in the ability of an asset pricing model to price unmanaged portfolios. The alpha-t-

statistics in Table 2.27 show that the specification adopted in the US study of the preceding sec-

tion also produces insignificant alphas for the ten size deciles in an international setting. 

We now turn to Figure 2.17 which plots the average monthly dollar return for ten international 

B/M decile portfolios for the period 1980-1999. Again Figure 2.17 resembles its US counterpart, 

Figure 2.2, which exhibits a gradually rising monthly average return as we move from growth 

stocks (low B/M value) to distress or value stocks (high B/M value). There is an S-shape, and the 

highest distress decile pops out again. From Table 2.28, we conclude that also in an international 

setting, the generalized models seems to outperform the standard international model in pricing 

unmanaged B/M based test portfolios. Only the third B/M decile portfolio remains significant. 
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Figure 2.16: Average monthly dollar return for ten international size-sorted deciles 
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Figure 2.17: Average monthly dollar return for ten international distress-sorted deciles 
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Figure 2.18: Average monthly dollar return for ten international momentum-sorted deciles 
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Table 2.27: Alpha estimates and t-statistics: size-portfolios 

 Standard
one-factor 

Standard
two-factor 

Standard
four-factor Standard InCapm Alternative

six-factor Alternative InCapm 

Small 1.87  (8.27) 0.95  (9.07) 1.13  (10.02) 1.14  (9.54) 0.12  (0.64) 0.13  (0.63) 
2 0.37  (1.67) -0.51 (-4.80) -0.35 (-3.22) -0.33 (-2.98) -0.01 (-0.05) 0.00  (0.02) 
3 0.20  (1.00) -0.54 (-4.70) -0.41 (-3.50) -0.42 (-3.64) 0.18  (0.81) 0.18  (0.78) 
4 0.21  (1.10) -0.40 (-2.96) -0.25 (-1.77) -0.28 (-1.98) 0.25  (1.09) 0.24  (1.02) 
5 0.15  (0.93) -0.27 (-1.99) -0.12 (-0.81) -0.13 (-0.95) 0.27  (1.12) 0.27  (1.10) 
6 0.06  (0.41) -0.23 (-1.61) -0.06 (-0.39) -0.07 (-0.49) 0.13  (0.52) 0.13  (0.52) 
7 0.04  (0.33) -0.12 (-0.89) 0.09  (0.66) 0.09  (0.61) 0.17  (0.75) 0.18  (0.79) 
8 -0.06 (-0.50) -0.16 (-1.24) 0.06  (0.46) 0.06  (0.47) 0.06  (0.28) 0.07  (0.33) 
9 -0.12 (-1.16) -0.16 (-1.53) -0.04 (-0.32) -0.03 (-0.28) -0.02 (-0.09) -0.02 (-0.09) 
Big -0.08 (-1.44) -0.10 (-1.59) -0.06 (-0.82) -0.05 (-0.72) 0.09  (0.84) 0.07  (0.72) 
# Sig 1 5 3 4 0 0 
Adj R2 0.70 0.85 0.85 0.85 0.81 0.81 
χ2-test 0.00(423) 0.00(364) 0.00(324) 0.00(311) 0.09(16.23) 0.18(13.81) 

 

Table 2.28: Alpha estimates and t-statistics: distress-portfolios 

 Standard
one-factor 

Standard
two-factor 

Standard
four-factor Standard InCapm Alternative

six-factor Alternative InCapm 

Small -0.30 (-1.80) 0.16  (0.90) 0.00  (0.01) 0.05  (0.36) 0.12  (0.64) 0.09  (0.49) 
2 -0.09 (-0.59) 0.32  (2.04) 0.31  (2.56) 0.32  (2.63) 0.40  (1.92) 0.38  (1.78) 
3 0.06  (0.47) 0.35  (2.47) 0.36  (2.92) 0.35  (2.81) 0.46  (2.14) 0.43  (2.01) 
4 0.10  (0.76) 0.25  (1.70) 0.29  (1.92) 0.27  (1.74) 0.32  (1.38) 0.31  (1.33) 
5 0.22  (1.57) 0.23  (1.53) 0.24  (1.45) 0.21  (1.24) 0.37  (1.56) 0.35  (1.46) 
6 0.27  (1.93) 0.14  (0.97) 0.15  (0.96) 0.13  (0.83) 0.28  (1.34) 0.27  (1.24) 
7 0.30  (1.98) 0.01  (0.04) -0.05 (-0.32) -0.08 (-0.55) 0.09  (0.47) 0.07  (0.36) 
8 0.54  (3.36) 0.08  (0.59) 0.03  (0.28) 0.02  (0.19) 0.25  (1.31) 0.25  (1.33) 
9 0.83  (4.47) 0.18  (1.24) 0.09  (0.78) 0.07  (0.58) 0.25  (1.28) 0.19  (0.97) 
Big 1.60  (5.95) 0.57  (2.68) 0.54  (3.40) 0.65  (4.46) 0.28  (1.42) 0.27  (1.34) 
# Sig 4 3 3 3 1 1 
Adj R2 0.69 0.78 0.83 0.83 0.82 0.82 
χ2-test 0.00(61.60) 0.001(29.89) 0.00(37.33) 0.00(52.91) 0.05(18.51) 0.04(19.31) 

 

Table 2.29: Alpha estimates and t-statistics: momentum portfolios 

 Standard
one-factor 

Standard
two-factor 

Standard
four-factor Standard InCapm Alternative

six-factor Alternative InCapm 

Small -0.59 (-2.28) 0.17  (0.83) -0.48 (-3.13) -0.43 (-2.86) -0.54 (-1.92) -0.50 (-1.76) 
2 -0.39 (-2.04) 0.21  (1.54) -0.11 (-0.87) -0.10 (-0.77) 0.04  (0.18) 0.06  (0.24) 
3 -0.27 (-1.69) 0.14  (1.06) -0.17 (-1.36) -0.17 (-1.30) 0.05  (0.23) 0.06  (0.26) 
4 -0.14 (-0.94) 0.12  (0.89) -0.23 (-1.59) -0.22 (-1.58) 0.03  (0.16) 0.04  (0.18) 
5 -0.05 (-0.36) 0.10  (0.71) -0.25 (-1.70) -0.25 (-1.77) -0.02 (-0.08) -0.02 (-0.11) 
6 0.06  (0.45) 0.10  (0.73) -0.25 (-1.85) -0.26 (-1.92) -0.01 (-0.03) -0.01 (-0.05) 
7 0.16  (1.18) 0.11  (0.85) -0.22 (-1.70) -0.23 (-1.81) 0.05  (0.26) 0.04  (0.22) 
8 0.23  (1.72) 0.10  (0.79) -0.26 (-2.14) -0.26 (-2.17) 0.01  (0.05) 0.01  (0.05) 
9 0.37  (2.47) 0.15  (1.07) -0.24 (-1.90) -0.23 (-1.83) -0.02 (-0.11) -0.03 (-0.14) 
Big 0.58  (2.88) 0.27  (1.42) -0.26 (-1.70) -0.21 (-1.37) -0.24 (-0.96) -0.22 (-0.87) 
# Sig 4 0 2 2 0 0 
Adj R2 0.70 0.77 0.84 0.84 0.81 0.81 
χ2-test 0.001(29.10) 0.59(8.38) 0.00(32.30) 0.005(25.22) 0.00(39.36) 0.001(29.23) 

Boldface signals significance at a 5% level using SUR standard error taking into account cross-equation correlation and 
intertemporal heteroscedasticity; # Sig is the number of significant alphas; Adj R2 is the average adjusted R-squared; and 
χ2-test is the p-value of the Wald test (H0: all alphas equal to zero). 

 

Lastly, Figure 2.18 plots the average monthly dollar return for ten international momentum decile 

portfolios for the period 1980-1999. Remember that Figure 2.3 (US market) looked like an S-

shaped positive schedule not too far from linearity. Figure 2.18 resembles a linear rise even more. 

Apparently, in an international setting, the average return of international momentum portfolios 

rises at a more constant rate. From Table 2.29, we see that the standard two-factor momentum 
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CAPM, produces the best results, delivering zero rejections and an insignificant χ2-statistic (8.38) 

against zero rejections but a significant one (29.23) for the modified model. However, the differ-

ence is small, and especially the standard four-factor model does poorly. More fundamentally, the 

standard two-factor momentum CAPM does best only once (and marginally at that), notably 

when pricing momentum-based test portfolios; in all other applications it flounders badly, while 

the proposed multi-factor CAPM remains superior in pricing those unmanaged international test 

portfolios. 

In the next section we focus on two-dimensionally sorted test portfolios and show that the alterna-

tive composition of the risk factors improves the CAPM pricing model considerably. 

2.4.2 Results for two-dimensional test portfolios 

In this section we compare the ability of the different models in pricing two-dimensional size-

distress, size-momentum and momentum-distress sorted international portfolios. We use the 

maximum amount of return info to calculate the two-dimensional test portfolios i.e. broad-based 

breakpoints and test portfolios.43 Where possible, SUR with White’s heteroskedasticity-consistent 

covariance matrix is used to compute alphas estimates and t-statistics. 

In Table 2.30, the standard models fail to price the 20% smallest stocks correctly whereas the two 

alternative models (one with and one without exchange factors) produce no significant alphas 

against 11, 7 and 5 for the standard models. The hypothesis that all 25 alphas are zero cannot be 

rejected for both alternative models at a 5% level of significance. The basic-CAPM does worst; it 

overprices all 5 small stock portfolios and 4 out of 5 distress portfolios. So, the alternative models 

clearly do a better job in pricing 25 unmanaged size-distress sorted portfolios than the standard 

models. 

The alternative models deliver two significant alphas for small-loser stocks in Table 2.31 against 

11, 8 and 9 for the standard models. Again the basic-CAPM does worst; it overprices 4 out of 5 

winner portfolios. So, the alternative risk factor composition significantly improves the ability to 

price 25 unmanaged size-momentum sorted portfolios. 

In Table 2.32, the alternative InCapm and six-factor CAPM produce respectively zero and one 

significant alpha against 13, 8 and 8 for the standard models. The basic-CAPM underprices 

growth-losers and overprices distressed-winners. The null hypothesis cannot be rejected for the 

alternative InCapm. Thus, also unmanaged momentum-distress portfolios are better priced by the 

alternative models. 

                                                 
43 As the availability of marketcaps and returns are equal, there is no difference between broad- and narrow-based size-
momentum test portfolios. 
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Table 2.30: size-distress sorted test portfolios: 

broad-based breakpoints, risk factors and test portfolios 
standard one-factor capm 

 Low 2 3 4 High  
Small 0.87  (3.70) 1.01  (4.43) 0.88  (3.77) 0.87  (3.99) 1.64  (6.49)  
2 -0.02 (-0.09) 0.05  (0.25) 0.04  (0.19) 0.24  (1.23) 0.60  (2.67)  
3 -0.20 (-1.14) 0.04  (0.25) 0.17  (1.08) 0.16  (0.96) 0.37  (1.97) # Sig: 11 
4 -0.33 (-2.23) -0.08 (-0.59) 0.02  (0.14) 0.14  (0.96) 0.35  (2.04) Adj R2: 0.65 
Big -0.31 (-3.22) -0.25 (-2.78) -0.09 (-0.96) 0.13  (1.09) 0.24  (1.86) χ2-test: 0.00(228) 

standard four-factor capm 
 Low 2 3 4 High  

Small 0.26  (2.03) 0.49  (3.68) 0.27  (2.05) 0.23  (1.86) 0.61  (4.40)  
2 -0.27 (-1.74) -0.31 (-1.97) -0.44 (-2.88) -0.36 (-2.56) -0.23 (-1.66)  
3 -0.08 (-0.49) 0.04  (0.22) -0.02 (-0.09) -0.17 (-1.05) -0.19 (-1.34) # Sig: 7 
4 0.06  (0.43) 0.25  (1.61) 0.15  (0.95) -0.08 (-0.59) -0.11 (-0.76) Adj R2: 0.82 
Big 0.00 (-0.05) 0.01  (0.06) -0.08 (-0.64) -0.11 (-0.98) -0.14 (-1.22) χ2-test: 0.00(177) 

standard international capm 
 Low 2 3 4 High  

Small 0.24  (1.79) 0.47  (3.60) 0.27  (1.94) 0.20  (1.57) 0.72  (5.22)  
2 -0.26 (-1.85) -0.36 (-2.55) -0.48 (-3.50) -0.40 (-2.97) -0.23 (-1.55)  
3 -0.09 (-0.55) 0.00 (-0.01) -0.05 (-0.30) -0.21 (-1.37) -0.19 (-1.28) # Sig: 5 
4 0.10  (0.75) 0.25  (1.63) 0.13  (0.81) -0.12 (-0.80) -0.11 (-0.79) Adj R2: 0.83 
Big 0.02  (0.22) 0.01  (0.05) -0.10 (-0.87) -0.10 (-0.88) -0.16 (-1.36) χ2-test: 0.00(166) 

alternative six-factor capm 
 Low 2 3 4 High  

Small 0.19  (0.86) 0.38  (1.48) 0.19  (0.82) -0.03 (-0.12) -0.15 (-0.75)  
2 0.43  (1.73) 0.29  (1.13) 0.14  (0.61) 0.18  (0.83) 0.14  (0.60)  
3 0.03  (0.13) 0.30  (1.19) 0.23  (0.91) 0.18  (0.76) 0.26  (1.07) # Sig: 0 
4 0.12  (0.56) 0.19  (0.84) 0.06  (0.24) 0.01  (0.02) 0.16  (0.75) Adj R2: 0.79 
Big 0.04  (0.30) -0.08 (-0.50) -0.08 (-0.47) 0.07  (0.44) 0.25  (1.38) χ2-test: 0.07(35.99) 

alternative international capm 
 Low 2 3 4 High  

Small 0.21  (0.86) 0.33  (1.45) 0.22  (0.92) -0.06 (-0.29) -0.12 (-0.60)  
2 0.40  (1.66) 0.23  (0.95) 0.12  (0.55) 0.19  (0.88) 0.14  (0.62)  
3 0.02  (0.09) 0.29  (1.16) 0.22  (0.88) 0.18  (0.75) 0.23  (1.01) # Sig: 0 
4 0.14  (0.69) 0.22  (0.99) 0.06  (0.27) 0.00  (0.02) 0.14  (0.65) Adj R2: 0.79 
Big 0.01  (0.06) -0.09 (-0.59) -0.09 (-0.57) 0.11  (0.69) 0.23  (1.35) χ2-test: 0.08(35.62) 

Boldface signals significance at a 5% level using SUR standard error taking into account cross-equation correlation 
and intertemporal heteroscedasticity (except for both InCapms where, due to singularities, no correction for in-
tertemporal heteroscedasticity is made); # Sig is the number of significant alphas; Adj R2 is the average adjusted R-
squared; and χ2-test is the p-value of the Wald test (H0: all alphas equal to zero). 
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Table 2.31: size-momentum sorted test portfolios: 

broad-based breakpoints, risk factors and test portfolios 
standard one-factor capm 

 Loser 2 3 4 Winner  
Small 0.01  (0.03) 0.31  (1.37) 0.56  (2.60) 0.92  (3.99) 1.21  (4.24)  
2 -0.75 (-2.64) -0.32 (-1.60) 0.04  (0.21) 0.48  (2.41) 0.99  (3.78)  
3 -0.61 (-2.26) -0.34 (-1.85) -0.09 (-0.51) 0.17  (1.07) 0.72  (3.49) # Sig: 11 
4 -0.41 (-1.58) -0.27 (-1.60) -0.25 (-1.71) 0.07  (0.54) 0.44  (2.49) Adj R2: 0.58 
Big -0.21 (-0.93) -0.32 (-2.27) -0.23 (-2.00) -0.11 (-1.14) 0.18  (1.19) χ2-test: 0.00(142) 

standard four-factor capm 
 Loser 2 3 4 Winner  
Small -0.56 (-3.00) -0.32 (-2.05) -0.26 (-1.88) 0.10  (0.61) 0.08  (0.39)  
2 -1.05 (-5.77) -0.66 (-4.16) -0.53 (-3.57) -0.23 (-1.43) 0.04  (0.24)  
3 -0.47 (-2.23) -0.31 (-1.72) -0.35 (-1.74) -0.20 (-1.24) 0.13  (0.75) # Sig: 8 
4 0.09  (0.39) 0.05  (0.26) -0.27 (-1.42) -0.11 (-0.67) 0.11  (0.69) Adj R2: 0.77 
Big 0.40  (1.77) 0.03  (0.24) -0.31 (-2.19) -0.35 (-3.04) -0.15 (-1.02) χ2-test: 0.00(224) 

standard international capm 
 Loser 2 3 4 Winner  
Small -0.41 (-2.13) -0.27 (-1.78) -0.24 (-1.64) 0.12  (0.73) 0.15  (0.73)  
2 -1.00 (-5.19) -0.66 (-4.34) -0.52 (-3.64) -0.21 (-1.45) 0.14  (0.76)  
3 -0.41 (-1.86) -0.34 (-2.03) -0.35 (-2.17) -0.15 (-0.98) 0.24  (1.27) # Sig: 9 
4 0.14  (0.63) 0.05  (0.28) -0.27 (-1.76) -0.06 (-0.38) 0.25  (1.46) Adj R2: 0.77 
Big 0.46  (2.10) 0.06  (0.40) -0.31 (-2.55) -0.32 (-3.12) -0.06 (-0.43) χ2-test: 0.00(208) 

alternative six-factor capm 
 Loser 2 3 4 Winner  
Small -1.03 (-3.04) -0.44 (-1.72) -0.23 (-0.81) 0.11  (0.43) -0.19 (-0.52)  
2 -0.75 (-2.35) 0.10  (0.39) -0.15 (-0.61) 0.34  (1.44) 0.47  (1.29)  
3 -0.36 (-1.01) 0.06  (0.23) 0.20  (0.80) 0.07  (0.28) 0.36  (1.15) # Sig: 2 
4 0.14  (0.37) 0.18  (0.71) 0.01  (0.04) 0.03  (0.14) 0.14  (0.51) Adj R2: 0.74 
Big 0.44  (1.19) 0.14  (0.66) 0.02  (0.10) -0.15 (-0.94) -0.06 (-0.29) χ2-test: 0.00(112) 

alternative international capm 
 Loser 2 3 4 Winner  
Small -0.96 (-3.20) -0.41 (-1.72) -0.23 (-0.99) 0.13  (0.49) -0.19 (-0.58)  
2 -0.73 (-2.31) 0.08  (0.33) -0.16 (-0.69) 0.33  (1.42) 0.49  (1.65)  
3 -0.32 (-0.91) 0.04  (0.15) 0.19  (0.80) 0.07  (0.28) 0.38  (1.28) # Sig: 2 
4 0.21  (0.62) 0.19  (0.79) -0.01 (-0.02) 0.03  (0.14) 0.18  (0.71) Adj R2: 0.74 
Big 0.55  (1.66) 0.15  (0.74) -0.02 (-0.12) -0.17 (-1.11) -0.09 (-0.43) χ2-test: 0.00(94.49) 

Boldface signals significance at a 5% level using SUR standard error taking into account cross-equation correlation 
and intertemporal heteroscedasticity (except for both InCapms where, due to singularities, no correction for in-
tertemporal heteroscedasticity is made); # Sig is the number of significant alphas; Adj R2 is the average adjusted R-
squared; and χ2-test is the p-value of the Wald test (H0: all alphas equal to zero). 
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Table 2.32: momentum-distress sorted test portfolios: 

broad-based breakpoints, risk factors and test portfolios 
standard one-factor capm 

 Low 2 3 4 High  
Loser -1.00 (-4.15) -0.70 (-2.83) -0.46 (-1.89) -0.33 (-1.27) 0.28  (0.90)  
2 -0.55 (-3.46) -0.42 (-2.67) -0.32 (-1.95) -0.15 (-0.85) 0.28  (1.42)  
3 -0.46 (-3.42) -0.26 (-1.93) -0.15 (-1.01) 0.02  (0.16) 0.52  (2.91) # Sig: 13 
4 -0.17 (-1.29) -0.02 (-0.18) 0.16  (1.09) 0.30  (1.97) 0.79  (4.46) Adj R2: 0.63 
Winner 0.23  (1.18) 0.63  (3.47) 0.61  (3.25) 0.73  (3.52) 1.13  (4.90) χ2-test: 0.00(145) 

standard four-factor capm 
 Low 2 3 4 High  

Loser -0.61 (-2.70) -0.35 (-1.58) -0.29 (-1.23) -0.43 (-2.20) -0.25 (-1.45)  
2 -0.18 (-1.19) -0.02 (-0.11) -0.23 (-1.32) -0.31 (-2.02) -0.25 (-1.61)  
3 -0.36 (-2.23) -0.27 (-1.62) -0.38 (-2.23) -0.42 (-2.61) -0.19 (-1.29) # Sig: 8 
4 -0.25 (-2.15) -0.16 (-1.17) -0.28 (-1.84) -0.30 (-2.07) 0.01  (0.03) Adj R2: 0.78 
Winner -0.01 (-0.03) 0.14  (0.96) -0.08 (-0.53) -0.18 (-1.06) 0.05  (0.23) χ2-test: 0.00(83.72) 

standard international capm 
 Low 2 3 4 High  

Loser -0.60 (-2.90) -0.36 (-1.73) -0.27 (-1.35) -0.39 (-2.18) -0.15 (-0.80)  
2 -0.21 (-1.39) -0.06 (-0.38) -0.26 (-1.62) -0.33 (-2.28) -0.23 (-1.57)  
3 -0.38 (-2.89) -0.28 (-2.04) -0.38 (-2.58) -0.42 (-3.13) -0.18 (-1.28) # Sig: 8 
4 -0.21 (-1.78) -0.13 (-1.00) -0.25 (-1.87) -0.27 (-2.00) 0.03  (0.19) Adj R2: 0.78 
Winner 0.13  (0.86) 0.23  (1.47) 0.00 (-0.02) -0.12 (-0.71) 0.15  (0.73) χ2-test: 0.00(76.26) 

alternative six-factor capm 
 Low 2 3 4 High  

Loser -0.69 (-2.09) -0.47 (-1.29) -0.31 (-0.91) -0.38 (-1.24) -0.38 (-1.17)  
2 -0.04 (-0.18) 0.15  (0.63) -0.06 (-0.26) -0.10 (-0.47) 0.09  (0.32)  
3 -0.02 (-0.11) 0.05  (0.27) -0.03 (-0.12) -0.09 (-0.44) 0.09  (0.39) # Sig: 1 
4 0.08  (0.41) 0.07  (0.36) -0.03 (-0.12) -0.06 (-0.30) 0.19  (0.81) Adj R2: 0.76 
Winner 0.19  (0.78) 0.37  (1.39) 0.10  (0.35) 0.03  (0.12) -0.11 (-0.27) χ2-test: 0.003(48.3) 

alternative international capm 
 Low 2 3 4 High  

Loser -0.60 (-1.81) -0.34 (-1.03) -0.16 (-0.52) -0.28 (-0.96) -0.31 (-1.05)  
2 0.00  (0.01) 0.20  (0.84) 0.00  (0.01) -0.05 (-0.23) 0.13  (0.57)  
3 -0.01 (-0.03) 0.10  (0.46) 0.02  (0.11) -0.03 (-0.17) 0.13  (0.61) # Sig: 0 
4 0.11  (0.57) 0.15  (0.75) 0.04  (0.21) 0.04  (0.20) 0.26  (1.10) Adj R2: 0.76 
Winner 0.31  (1.36) 0.44  (1.87) 0.21  (0.83) 0.16  (0.62) -0.01 (-0.03) χ2-test: 0.23(29.92) 

Boldface signals significance at a 5% level using SUR standard error taking into account cross-equation correlation 
and intertemporal heteroscedasticity (except for both InCapms where, due to singularities, no correction for in-
tertemporal heteroscedasticity is made); # Sig is the number of significant alphas; Adj R2 is the average adjusted R-
squared; and χ2-test is the p-value of the Wald test (H0: all alphas equal to zero). 

 

2.4.3 Impact US on international CAPM 

In section 2.3.4 we successfully tested the alternative risk factor composition on US data. This 

success was confirmed on international data in Sections 2.4.1 and 2.4.2 In this section we show 

that the relative large impact of US shares in the international database does not jeopardize the 

international validation of the alternative risk factor composition. We compute non-US test port-

folios by deleting the US stocks from the one- and two-dimensional test portfolios of Section 

2.4.1 and 2.4.2, preserving the allocation of non-US stocks along the test portfolios. We test the 

different models on the resulting non-US test portfolios. 
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2.4.3.1 One-dimensional test portfolios 

In Table 2.33, the alternative InCapm is slightly beaten in terms of significant alphas by the ex-

tended standard models (2 against 1) but remains the better model in terms of the χ2-statistic that 

accordingly cannot reject the hypothesis that all alphas are zero. All standard models have large 

significant alphas for the 10% smallest stocks. The alternative six-factor model has zero signifi-

cant alphas and the null hypothesis cannot be rejected. Table 2.34 shows zero significant alphas 

for the two alternative models and the standard two-factor model (with market and standard dis-

tress risk factor). However in terms of the χ2-statistic the standard two-factor model is largely 

beaten by the alternative models. In Table 2.35 both alternative models, the standard four-factor 

and InCapm produce zero significant alphas. However the alternative models have smaller indi-

vidual t-statistics and χ2-statistics. 

We conclude that, even when we exclude the large US effect from the international one-

dimensional test portfolios, the basic-CAPM keeps on suffering from the well-known anomalies; 

and the alternative risk factor composition remains superior over the standard composition. 

Table 2.33: Alpha estimates and t-statistics: non-US size-portfolios 

 Standard
one-factor 

Standard
two-factor 

Standard
four-factor Standard InCapm Alternative

six-factor Alternative InCapm 

Small 1.92  (8.35) 1.27  (6.98) 1.26  (5.89) 1.29  (6.58) 0.18  (0.61) 0.17  (0.63) 
2 0.65  (2.94) 0.06  (0.33) 0.03  (0.13) 0.09  (0.46) 0.42  (1.50) 0.46  (1.78) 
3 0.50  (2.47) 0.04  (0.21) 0.01  (0.05) 0.00 (-0.03) 0.52  (1.77) 0.54  (2.02) 
4 0.50  (2.59) 0.17  (0.91) 0.21  (1.18) 0.17  (0.97) 0.54  (1.83) 0.55  (1.97) 
5 0.33  (1.81) 0.18  (0.96) 0.26  (1.37) 0.22  (1.21) 0.44  (1.50) 0.45  (1.61) 
6 0.13  (0.70) 0.06  (0.33) 0.21  (1.12) 0.18  (0.96) 0.07  (0.22) 0.07  (0.24) 
7 0.05  (0.29) 0.10  (0.56) 0.31  (1.67) 0.29  (1.60) 0.05  (0.17) 0.08  (0.30) 
8 -0.11 (-0.72) -0.01 (-0.08) 0.19  (1.05) 0.15  (0.88) -0.18 (-0.68) -0.13 (-0.53) 
9 -0.20 (-1.41) -0.07 (-0.44) 0.11  (0.65) 0.04  (0.26) -0.24 (-0.99) -0.22 (-0.98) 
Big -0.23 (-1.95) -0.07 (-0.53) 0.04  (0.31) 0.03  (0.28) -0.21 (-1.21) -0.16 (-0.99) 
# Sig 4 1 1 1 0 2 
Adj R2 0.62 0.68 0.68 0.72 0.70 0.72 
χ2-test 0.00(201) 0.00(176) 0.00(137) 0.00(142) 0.09(52.53) 0.18(54.80) 

 

Table 2.34: Alpha estimates and t-statistics: non-US distress-portfolios 

 Standard
one-factor 

Standard
two-factor 

Standard
four-factor Standard InCapm Alternative

six-factor Alternative InCapm 

Low -0.19 (-0.94) 0.22  (1.09) 0.22  (1.07) 0.21  (1.07) 0.30  (1.11) 0.27  (1.05) 
2 -0.04 (-0.23) 0.33  (1.67) 0.51  (2.50) 0.47  (2.32) 0.47  (1.68) 0.46  (1.71) 
3 0.05  (0.28) 0.32  (1.65) 0.53  (2.63) 0.48  (2.48) 0.43  (1.55) 0.43  (1.68) 
4 0.06  (0.35) 0.19  (0.97) 0.44  (1.94) 0.38  (1.68) 0.20  (0.69) 0.24  (0.83) 
5 0.17  (0.97) 0.19  (0.94) 0.42  (1.86) 0.37  (1.64) 0.37  (1.27) 0.39  (1.38) 
6 0.27  (1.48) 0.12  (0.61) 0.33  (1.49) 0.30  (1.39) 0.25  (0.84) 0.25  (0.86) 
7 0.23  (1.19) -0.09 (-0.44) 0.09  (0.44) 0.04  (0.21) 0.09  (0.34) 0.11  (0.40) 
8 0.33  (1.58) -0.18 (-0.93) -0.07 (-0.31) -0.11 (-0.54) 0.12  (0.44) 0.15  (0.57) 
9 0.63  (2.73) -0.10 (-0.51) -0.02 (-0.10) -0.08 (-0.43) 0.17  (0.62) 0.10  (0.38) 
High 1.45  (4.80) 0.35  (1.41) 0.47  (1.96) 0.58  (2.77) 0.31  (1.18) 0.29  (1.09) 
# Sig 2 0 2 3 0 0 
Adj R2 0.61 0.68 0.69 0.72 0.71 0.73 
χ2-test 0.00(43.01) 0.00(40.89) 0.00(47.89) 0.00(52.39) 0.04(18.67) 0.05(18.54) 
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Table 2.35: Alpha estimates and t-statistics: non-US momentum portfolios 

 Standard
one-factor 

Standard
two-factor 

Standard
four-factor Standard InCapm Alternative

six-factor Alternative InCapm 

Loser -0.16 (-0.50) 0.75  (2.52) 0.30  (0.93) 0.43  (1.37) -0.09 (-0.18) 0.06  (0.12) 
2 -0.29 (-1.25) 0.41  (2.20) 0.34  (1.46) 0.33  (1.42) 0.20  (0.59) 0.24  (0.70) 
3 -0.27 (-1.44) 0.19  (1.11) 0.26  (1.38) 0.22  (1.20) 0.19  (0.63) 0.19  (0.66) 
4 -0.20 (-1.17) 0.08  (0.49) 0.09  (0.52) 0.03  (0.16) 0.01  (0.04) 0.01  (0.03) 
5 -0.22 (-1.38) -0.07 (-0.43) -0.09 (-0.54) -0.16 (-0.93) 0.02  (0.06) -0.01 (-0.04) 
6 -0.07 (-0.44) -0.05 (-0.33) -0.17 (-0.94) -0.20 (-1.10) -0.01 (-0.04) 0.02  (0.06) 
7 0.09  (0.53) 0.05  (0.29) -0.10 (-0.54) -0.14 (-0.77) -0.16 (-0.60) -0.14 (-0.57) 
8 0.19  (1.19) 0.07  (0.45) -0.07 (-0.37) -0.08 (-0.43) -0.07 (-0.24) -0.05 (-0.20) 
9 0.42  (2.32) 0.24  (1.33) 0.01  (0.07) -0.01 (-0.03) 0.13  (0.44) 0.13  (0.44) 
Winner 0.75  (2.80) 0.46  (1.78) 0.02  (0.08) 0.05  (0.19) 0.02  (0.05) 0.08  (0.20) 
# Sig 2 2 0 0 0 0 
Adj R2 0.60 0.66 0.67 0.70 0.68 0.69 
χ2-test 0.02(21.24) 0.04(19.31) 0.05(18.31) 0.09(16.39) 0.48(9.51) 0.67(7.60) 

Boldface signals significance at a 5% level using SUR standard error taking into account cross-equation correlation and 
intertemporal heteroscedasticity; # Sig is the number of significant alphas; Adj R2 is the average adjusted R-squared; and 
χ2-test is the p-value of the Wald test (H0: all alphas equal to zero). 

 

2.4.3.2 Two-dimensional test portfolios 

Table 2.36 shows that in terms of significant alphas both alternative models and both extended 

standard CAPMs are equally (un)able to price two-dimensional size-distress sorted non-US port-

folios. However the former models produce much smaller individual t-statistics and χ2-statistics. 

The standard models seem to have difficulties to price small stocks whereas the alternative mod-

els stumble over small-growth stocks. Table 2.37 is more clear about the superiority of the alter-

native models over the standard models. The former models have two significant alphas against 

11, 8 and 9 for the latter models. Small-losers are difficult to price even for the alterative models. 

In Table 2.38 the alternative models dominate the standard models in terms of significant alphas 

(zero against 11, 1 and 3), in size of individual t-statistics and in χ2-statistics. 

So, even if we exclude the US stocks from the unmanaged size-distress, size-momentum and 

momentum-distress two-dimensional portfolios, the models with alternative risk factor composi-

tion (with an extra size and distress risk factor) do a better pricing job than the standard models. 

We conclude that the relative large impact of US stocks on the one- and two-dimensional test 

portfolios does not invalidate the international evidence of the superiority of the alternative risk 

factor composition over the standard composition. 
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Table 2.36: non-US size-distress sorted test portfolios: 

broad-based breakpoints, risk factors and test portfolios 
standard one-factor capm 

 Low 2 3 4 High  
Small 1.03  (4.83) 1.17  (5.48) 0.88  (3.86) 1.00  (4.59) 1.83  (6.15)  
2 0.41  (1.95) 0.41  (2.03) 0.41  (2.20) 0.37  (1.87) 0.83  (3.42)  
3 0.10  (0.51) 0.19  (0.99) 0.31  (1.69) 0.16  (0.84) 0.42  (2.00) # Sig: 11 
4 -0.30 (-1.71) -0.15 (-0.83) -0.01 (-0.03) 0.17  (0.91) 0.32  (1.63) Adj R2: 0.58 
Big -0.43 (-2.73) -0.31 (-2.07) -0.18 (-1.28) 0.05  (0.36) 0.10  (0.62) χ2-test: 0.00(145) 

standard four-factor capm 
 Low 2 3 4 High  

Small 0.62  (3.24) 0.83  (4.10) 0.37  (1.75) 0.48  (2.07) 0.82  (2.98)  
2 0.35  (1.62) 0.22  (1.05) 0.11  (0.59) -0.05 (-0.29) 0.11  (0.54)  
3 0.40  (1.92) 0.36  (1.66) 0.39  (1.97) 0.05  (0.23) -0.01 (-0.05) # Sig: 5 
4 0.22  (1.11) 0.38  (1.81) 0.36  (1.76) 0.18  (0.94) 0.01  (0.03) Adj R2: 0.66 
Big 0.08  (0.52) 0.24  (1.44) 0.10  (0.61) 0.01  (0.05) -0.18 (-1.23) χ2-test: 0.00(138) 

standard international capm 
 Low 2 3 4 High  

Small 0.62  (3.32) 0.79  (3.91) 0.39  (1.90) 0.51  (2.52) 0.95  (4.05)  
2 0.31  (1.42) 0.14  (0.68) 0.09  (0.49) -0.09 (-0.50) 0.10  (0.49)  
3 0.36  (1.66) 0.29  (1.36) 0.35  (1.66) -0.02 (-0.09) -0.02 (-0.13) # Sig: 4 
4 0.23  (1.21) 0.35  (1.76) 0.33  (1.61) 0.12  (0.60) -0.01 (-0.05) Adj R2: 0.69 
Big 0.05  (0.34) 0.19  (1.21) 0.06  (0.41) 0.00  (0.03) -0.23 (-1.53) χ2-test: 0.00(111) 

alternative six-factor capm 
 Low 2 3 4 High  

Small 0.78  (2.60) 0.92  (2.59) 0.39  (1.03) 0.15  (0.49) 0.07  (0.22)  
2 1.00  (2.92) 0.69  (2.14) 0.52  (1.65) 0.28  (0.91) 0.40  (1.35)  
3 0.29  (0.92) 0.29  (0.92) 0.29  (0.93) 0.07  (0.22) 0.25  (0.91) # Sig: 4 
4 -0.08 (-0.29) -0.10 (-0.33) -0.09 (-0.30) -0.06 (-0.22) 0.05  (0.20) Adj R2: 0.67 
Big -0.30 (-1.39) -0.31 (-1.40) -0.32 (-1.39) 0.00  (0.00) -0.05 (-0.20) χ2-test: 0.00(66.65) 

alternative international capm 
 Low 2 3 4 High  

Small 0.81  (2.81) 0.86  (2.77) 0.44  (1.39) 0.18  (0.58) 0.11  (0.38)  
2 0.98  (2.97) 0.66  (2.16) 0.57  (1.99) 0.32  (1.16) 0.39  (1.36)  
3 0.28  (0.89) 0.28  (0.90) 0.30  (0.98) 0.09  (0.29) 0.23  (0.89) # Sig: 5 
4 -0.04 (-0.15) -0.04 (-0.13) -0.04 (-0.15) -0.05 (-0.18) 0.04  (0.15) Adj R2: 0.69 
Big -0.31 (-1.48) -0.30 (-1.34) -0.30 (-1.42) 0.07  (0.33) -0.05 (-0.22) χ2-test: 0.00(58.44) 

Boldface signals significance at a 5% level using SUR standard error taking into account cross-equation correlation 
and intertemporal heteroscedasticity (except for both InCapms where, due to singularities, no correction for in-
tertemporal heteroscedasticity is made); # Sig is the number of significant alphas; Adj R2 is the average adjusted R-
squared; and χ2-test is the p-value of the Wald test (H0: all alphas equal to zero). 
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Table 2.37: non-US size-momentum sorted test portfolios: 

broad-based breakpoints, risk factors and test portfolios 
standard one-factor capm 

 Loser 2 3 4 Winner  
Small 0.01  (0.03) 0.31  (1.37) 0.56  (2.60) 0.92  (3.99) 1.21  (4.24)  
2 -0.75 (-2.64) -0.32 (-1.60) 0.04  (0.21) 0.48  (2.41) 0.99  (3.78)  
3 -0.61 (-2.26) -0.34 (-1.85) -0.09 (-0.51) 0.17  (1.07) 0.72  (3.49) # Sig: 11 
4 -0.41 (-1.58) -0.27 (-1.60) -0.25 (-1.71) 0.07  (0.54) 0.44  (2.49) Adj R2: 0.58 
Big -0.21 (-0.93) -0.32 (-2.27) -0.23 (-2.00) -0.11 (-1.14) 0.18  (1.19) χ2-test: 0.00(142) 

standard four-factor capm 
 Loser 2 3 4 Winner  

Small -0.56 (-3.00) -0.32 (-2.05) -0.26 (-1.88) 0.10  (0.61) 0.08  (0.39)  
2 -1.05 (-5.77) -0.66 (-4.16) -0.53 (-3.57) -0.23 (-1.43) 0.04  (0.24)  
3 -0.47 (-2.23) -0.31 (-1.72) -0.35 (-1.74) -0.20 (-1.24) 0.13  (0.75) # Sig: 8 
4 0.09  (0.39) 0.05  (0.26) -0.27 (-1.42) -0.11 (-0.67) 0.11  (0.69) Adj R2: 0.76 
Big 0.40  (1.77) 0.03  (0.24) -0.31 (-2.19) -0.35 (-3.04) -0.15 (-1.02) χ2-test: 0.00(224) 

standard international capm 
 Loser 2 3 4 Winner  

Small -0.41 (-2.13) -0.27 (-1.78) -0.24 (-1.64) 0.12  (0.73) 0.15  (0.73)  
2 -1.00 (-5.19) -0.66 (-4.34) -0.52 (-3.64) -0.21 (-1.45) 0.14  (0.76)  
3 -0.41 (-1.86) -0.34 (-2.03) -0.35 (-2.17) -0.15 (-0.98) 0.24  (1.27) # Sig: 9 
4 0.14  (0.63) 0.05  (0.28) -0.27 (-1.76) -0.06 (-0.38) 0.25  (1.46) Adj R2: 0.76 
Big 0.46  (2.10) 0.06  (0.40) -0.31 (-2.55) -0.32 (-3.12) -0.06 (-0.43) χ2-test: 0.00(208) 

alternative six-factor capm 
 Loser 2 3 4 Winner  

Small -1.03 (-3.04) -0.44 (-1.72) -0.23 (-0.81) 0.11  (0.43) -0.19 (-0.52)  
2 -0.75 (-2.35) 0.10  (0.39) -0.15 (-0.61) 0.34  (1.44) 0.47  (1.29)  
3 -0.36 (-1.01) 0.06  (0.23) 0.20  (0.80) 0.07  (0.28) 0.36  (1.15) # Sig: 2 
4 0.14  (0.37) 0.18  (0.71) 0.01  (0.04) 0.03  (0.14) 0.14  (0.51) Adj R2: 0.74 
Big 0.44  (1.19) 0.14  (0.66) 0.02  (0.10) -0.15 (-0.94) -0.06 (-0.29) χ2-test: 0.00(112) 

alternative international capm 
 Loser 2 3 4 Winner  

Small -0.96 (-3.20) -0.41 (-1.72) -0.23 (-0.99) 0.13  (0.49) -0.19 (-0.58)  
2 -0.73 (-2.31) 0.08  (0.33) -0.16 (-0.69) 0.33  (1.42) 0.49  (1.65)  
3 -0.32 (-0.91) 0.04  (0.15) 0.19  (0.80) 0.07  (0.28) 0.38  (1.28) # Sig: 2 
4 0.21  (0.62) 0.19  (0.79) -0.01 (-0.02) 0.03  (0.14) 0.18  (0.71) Adj R2: 0.74 
Big 0.55  (1.66) 0.15  (0.74) -0.02 (-0.12) -0.17 (-1.11) -0.09 (-0.43) χ2-test: 0.00(94.49) 

Boldface signals significance at a 5% level using SUR standard error taking into account cross-equation correlation 
and intertemporal heteroscedasticity (except for both InCapms where, due to singularities, no correction for in-
tertemporal heteroscedasticity is made); # Sig is the number of significant alphas; Adj R2 is the average adjusted R-
squared; and χ2-test is the p-value of the Wald test (H0: all alphas equal to zero). 

 



2.4 International Validation 89 

 

Table 2.38: non-US momentum-distress sorted test portfolios: 

broad-based breakpoints, risk factors and test portfolios 
standard one-factor capm 

 Low 2 3 4 High  
Loser -0.80 (-3.23) -0.67 (-2.66) -0.27 (-1.06) -0.18 (-0.63) 0.32  (0.99)  
2 -0.60 (-3.20) -0.41 (-2.17) -0.20 (-1.10) -0.15 (-0.76) 0.21  (0.94)  
3 -0.53 (-3.10) -0.31 (-1.91) -0.18 (-1.09) -0.05 (-0.28) 0.40  (2.07) # Sig: 11 
4 -0.11 (-0.66) -0.01 (-0.06) 0.15  (0.92) 0.18  (0.92) 0.65  (3.24) Adj R2: 0.56 
Winner 0.35  (1.48) 0.67  (3.04) 0.55  (2.42) 0.54  (2.15) 1.04  (3.70) χ2-test: 0.00(95.41) 

standard four-factor capm 
 Low 2 3 4 High  
Loser 0.15  (0.54) 0.21  (0.79) 0.46  (1.57) 0.27  (0.95) 0.21  (0.76)  
2 0.12  (0.59) 0.39  (1.96) 0.27  (1.38) 0.10  (0.54) -0.05 (-0.27)  
3 -0.13 (-0.65) -0.01 (-0.06) -0.11 (-0.55) -0.23 (-1.27) -0.16 (-0.88) # Sig: 1 
4 0.00  (0.00) 0.06  (0.29) -0.12 (-0.66) -0.29 (-1.33) -0.03 (-0.14) Adj R2: 0.65 
Winner 0.21  (0.89) 0.24  (1.05) -0.07 (-0.28) -0.36 (-1.42) -0.09 (-0.32) χ2-test: 0.00(69.29) 

standard international capm 
 Low 2 3 4 High  
Loser 0.21  (0.79) 0.25  (0.98) 0.55  (2.17) 0.38  (1.57) 0.38  (1.49)  
2 0.17  (0.90) 0.43  (2.29) 0.34  (1.74) 0.17  (0.90) 0.05  (0.26)  
3 -0.05 (-0.31) 0.07  (0.39) 0.02  (0.11) -0.12 (-0.68) -0.05 (-0.27) # Sig: 3 
4 0.13  (0.72) 0.21  (1.10) 0.03  (0.19) -0.18 (-0.95) 0.12  (0.58) Adj R2: 0.67 
Winner 0.44  (1.80) 0.45  (2.00) 0.14  (0.57) -0.15 (-0.60) 0.13  (0.45) χ2-test: 0.00(67.92) 

alternative six-factor capm 
 Low 2 3 4 High  
Loser -0.26 (-0.63) -0.10 (-0.23) 0.22  (0.54) 0.05  (0.13) 0.03  (0.08)  
2 -0.09 (-0.31) 0.18  (0.59) 0.11  (0.35) 0.11  (0.38) 0.09  (0.27)  
3 -0.06 (-0.24) -0.05 (-0.20) 0.02  (0.07) -0.02 (-0.08) 0.20  (0.65) # Sig: 0 
4 0.00  (0.01) -0.09 (-0.30) -0.17 (-0.61) -0.27 (-0.93) 0.07  (0.23) Adj R2: 0.66 
Winner 0.38  (1.05) 0.44  (1.26) 0.04  (0.11) -0.28 (-0.71) -0.06 (-0.11) χ2-test: 0.03(39.23) 

alternative international capm 
 Low 2 3 4 High  
Loser -0.10 (-0.26) 0.05  (0.14) 0.40  (1.04) 0.21  (0.58) 0.11  (0.30)  
2 0.02  (0.08) 0.31  (1.11) 0.23  (0.81) 0.23  (0.84) 0.19  (0.67)  
3 0.05  (0.17) 0.07  (0.25) 0.20  (0.72) 0.13  (0.50) 0.32  (1.15) # Sig: 0 
4 0.11  (0.43) 0.12  (0.43) 0.01  (0.02) -0.07 (-0.25) 0.25  (0.83) Adj R2: 0.67 
Winner 0.58  (1.71) 0.63  (1.95) 0.29  (0.83) 0.00 (-0.01) 0.19  (0.47) χ2-test: 0.07(35.79) 

Boldface signals significance at a 5% level using SUR standard error taking into account cross-equation correlation 
and intertemporal heteroscedasticity (except for both InCapms where, due to singularities, no correction for in-
tertemporal heteroscedasticity is made); # Sig is the number of significant alphas; Adj R2 is the average adjusted R-
squared; and χ2-test is the p-value of the Wald test (H0: all alphas equal to zero). 

 

2.5 Conclusion 
We showed that some aspects of a CAPM test can not be taken for granted as they have a signifi-

cant impact on the test results. Elements that have an influence are: (i) the coverage of small 

stocks in the database; (ii) the frequency of portfolio updating (monthly or yearly); (iii) the way of 

weighting the portfolio returns (equally or value); (iv) the way of calculating factor portfolio-

portfolios (broad- v. narrow-based risk portfolios i.e. are stocks with unknown market value or 

book-to-market value included or not); (v) the way of calculating test portfolios (intersections of 

two classifications or unions; and, in the first case, what to do with the stocks without full infor-

mation); (vi) the coverage of the list from which the size- and distress-decile breakpoints are cal-

culated (only NYSE stocks, or all stocks, including Amex and NASDAQ ones); and (vii) the cor-
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rection for intertemporal heteroskedasticity. We also found that size bias in the database seems to 

have a large effect, especially on the size-factor portfolio and to some extent we discovered inter-

action effects between the influences of the three well-known anomalies on expected stock re-

turns. 

Elements that did not have a large influence were: (i) the time period (80-93, 94-1999 or 80-

1999); (ii) risk-free rate and market rate (IMF average 3-month US T-bill or IMF end-of-period 

discount rate; Datastream’s US-market index or computing the market return as the value-

weighted return on all stocks in the size-distress portfolios plus the negative book value equities 

as in Fama and French (1993)); (iii) the way of calculating the breakpoints (broad- or narrow-

based breakpoints i.e. are stocks with unknown market value or book-to-market value included or 

not). 

We also found that both survivorship and size bias do not have a substantial influence on the dis-

tress and momentum factor portfolios, and the size factor portfolio is not influenced much by 

survivorship bias. We draw special attention to the possible underestimation of the small firm 

effect by value weighting the portfolio returns, calculating the decile breakpoints on NYSE stocks 

only and excluding stocks with an unknown market value or book-to-market value from the data-

base. 

The way of composing the right-side factor portfolios also influences the performance of an asset 

pricing model. We propose an alternative way of handling the three standard factors (size, distress 

and momentum) that produces estimated alphas closer to zero. Notably, the size and distress fac-

tor portfolios are split up into two factor portfolios, one for the smallest or most distressed stocks 

risks and one for regular size and distress risks. This alternative model significantly improves on 

the standard four-factor CAPM nesting Fama and French (1993, 1995, 1996a, 1996b), Carhart 

(1997), Jegadeesh and Titman (1993) and Rouwenhorst (1999a), and this superior performance is 

illustrated for one-dimensional size, distress and momentum portfolios and two-dimensional size-

distress, size-momentum and distress-momentum portfolios of US stocks even with split samples. 

To reduce the risk of ad hoc modifications, we also test the proposed modification in an interna-

tional setting of 39 countries, both emerging and developed. We showed that the factors that per-

formed well in the US market also work in an international setting even with US stocks excluded 

from the test portfolios. 

We did not test, at this stage, the ability of the standard four-factor model and the “alternative” 

model to price other three-dimensional test portfolios (e.g. size-distress-momentum). The specific 

choice of the exchange factor portfolios in the international asset pricing models remains arbitrary 

and is subject to further research, as is the significance of the exchange-rate factors as a group. 

We could extend the international model even more by allowing multiple versions of each size-, 

distress- and momentum-factor portfolio calculated from separate country groups (e.g. emerging 
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and developed countries; or U.S., Europe, Asia and other countries). Moreover, each version can 

have its own specific factor portfolio composition. 
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Chapter 3 

Country and Sector Effects 

in International Stock Returns: 

The Heston-Rouwenhorst 

Methodology Revisited 

In this chapter we find that, despite recent reports to the contrary, even recently—the 1990-1999 

period—country-specific volatilities are still larger than sector factor variances. This conclusion is 

robust to different test formats although the relative magnitude of the two sources of variation 

changes widely. One factor affecting this magnitude is the presence or absence of small-cap 

stocks in the sample: small-caps have an above average variability (after controlling for sector and 

country effects) and are also less sensitive to their global sector index than large-caps. Another 

factor that matters is the country coverage (especially the presence of emerging markets) and the 

level of sector aggregation (NACE 3 versus 4, for example). Methodology matters too. Heston 

and Rouwenhorst (1994) rank the world, country, and sector factors on the basis of their own 

variance, but this ranking may miss the ranking on the basis of stock-return variance explained if 

exposures are dissimilarly distributed across factors. Finding that the assumption of similar expo-

sures is, in general, not realistic, we incorporate the distributions of the exposures, taking care to 

purge out the variability due to estimation error. By this metric, the magnitude by which the coun-

try factor variance is larger than the sector-specific volatility becomes unassailable. 

Another question is to what extent can differences in country-index volatilities be explained by 

differences between country’s sector-mix? Or can differences in sector-index volatilities be ex-

plained by differences between sector’s geographically distribution? Our result is that country-

specific effects, on average, explain more of excess sector-index volatilities than sector-specific 

effects can explain excess country-index volatilities, except in one case. If EMs are included than 

sector-specific effects can explain more of excess country volatilities than country factors can 

explain excess sector volatilities. 
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Lastly, we show that there is no necessary link between the HR-methodology and international 

risk diversification. We argue and prove that the HR-methodology does not tell us anything about 

the correlations among sectors or countries and no conclusion can be made to international risk 

diversification. In contrast with the robust finding that the country-specific volatility is larger than 

the sector factor variance, we show that diversification across sector indices can be a more effec-

tive tool for risk reduction than diversifying across country indices. Worldwide risk diversifica-

tion is about covariances, not about variances and variance components only. 

3.1 Introduction 
Due to technological progress, trading agreements and weakening economic and political fron-

tiers, international financial markets seem more integrated than, say, ten years ago. EMU, for 

example, is widely viewed as having weakened the importance of countries relative to EMU-wide 

risk factors such as regional market risk and EMU sector risks. In effect, Hardouvelis et al. (2002) 

find that national markets have become more exposed to pan-European market risk as the realiza-

tion of the EMU became more certain; and Emiris (2002) likewise shows that a common factor 

has become increasingly important in explaining total variation in the European security markets.  

In a seminal study, Heston and Rouwenhorst (1994) find that country risks used to dominate sec-

tor risks, and an unresolved issue is whether recent integration has been sufficiently important to 

reverse that conclusion. Some recent work does conclude that the contribution of country risks 

has actually fallen below that of sector factors. Campa and Fernandes (2003) and Carrieri, Er-

runza and Sarkissian (2003) provide evidence that, although country risks have dominated indeed 

over a longer period, in the 1990s sector risks have overtaken country risks, at least within the 

OECD. Also Isakov and Sonney (2002), Baca et al. (2000) and Cavaglia et al. (2000) find that 

sector factors have become dominant. Even more pronounced results are obtained by Galati and 

Tsatsronis (2003), who conclude that the contribution of country factors has become insignificant 

since the mid-nineties and that sector factors are the most prominent factors since the launch of 

the euro. But other studies disagree. For example, Sentana (2002) finds that European country-

specific risks are not yet completely eliminated and concludes that European markets have not 

completely integrated. Rouwenhorst (1999b) likewise concludes that within the EMU country 

specific factors still dominate sector risks. Also Brooks and Del Negro (2003), employing a dif-

ferent methodology, maintain that the country factor remains dominant. Gerard, Hillion and De 

Roon (2003), lastly, conclude that, while the country dimension is probably more important over 

the entire sample period, both end up being about equally strong.  

The issue is of more than academic interest. In top-down portfolio management one traditionally 

starts from geographical allocations: the manager decides first on the country allocation grid (re-
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vealing a conviction that the country profile is the prime determinant of overall performance) and 

next selects the best securities within each national market. But around the time of the introduc-

tion of EMU, a debate on the benefits of geographical versus industrial diversification erupted, 

and many held that the first step should now be to set the sectoral allocations.44 In recent years 

sector investment funds emerged and research departments of investment firms are often reorgan-

ized by sectors (see, for example, Bolliger, 2001). All this suggests that diversification across 

sectors is now often viewed as more effective than across countries within the EMU, or at least as 

complementary to geographical diversification (see Ehling and Ramos, 2002; Ramos, 2003; 

Gerard, Hillion and De Roon, 2003).  

One issue worth raising, however, is the link between data coverage and external validity. Gerard 

et al. study the G7 countries and ten Level-3 FTSE sectors, 1973-1998. Carrieri et al. add 10 more 

OECD countries but stick to the 10 Level-3 sectors, 1990-2001. Campa and Fernandes add 22 

emerging countries to the 17 OECD ones, and work with 36 Level-4 sectors. Brooks and Del 

Negro, finally, choose 44 countries and 39 sectors, 1985-2001. These choices matter. The impor-

tance of sector factors increases the lower the level of aggregation; Level-4 sector indices or fac-

tors, for instance, explain more than Level-3 ones. Likewise, the chances that 34 sector portfolios 

span many portfolios are better than the odds when one has just 10 sector indices. The importance 

of country factors, on the other hand, strongly depends on the degree of international coverage 

and size bias in the stock sample. Emerging countries have a stronger idiosyncratic component 

than developed ones, so the country coverage is one more aspect that affects the answer. Also the 

size coverage matters. While large-cap portfolios by country are well spanned by a world factor 

and foreign large-cap factors or exchange rates, the small-cap sections of the national markets 

seem to behave rather idiosyncratically, see Eun, Huang, and Lai (2003). We show that these 

small-cap stocks also have an above-average variance. It follows that one can increase the impor-

tance the country factor relative to the sector effect by widening the size coverage, and this is 

especially true if stocks are weighted equally. More generally, in light of the above one can’t help 

wondering whether, by suitably selecting a sample, it might not be possible to get any answer one 

wants. We find that the country-v-sector variance ratio can be steered anywhere in the range 2.11 

to 10.92, but not below unity. 

The second issue we’d like to raise is the role assigned to exposures in the empirical work. Most 

of this literature relies on factor models45 and bases the conclusion on the relative variability of 

country versus sector factors. Campa and Fernandes (2003) and Carrieri, Errunza and Sarkissian 

                                                 
44 A survey by Goldman Sachs and Watson Wyatt, reported by Brookes (1999) in effect revealed a strong preference among 
fund managers to reconsider their allocation strategies towards diversification along the sectoral line. A full 65% of the fund 
managers reported that the EMU would lead them to organize their European equity portfolio on a sector basis, with the 
remainder often adopting a mixture of both sectoral and country allocation. 
45 Gerard, Hillion and De Roon (2003) rely much more on portfolio theory. They study Sharpe ratios obtained from stocks 
pre-grouped into either country portfolios or sector portfolios. In addition, they test whether sector portfolios are spanned by 
country funds or vice versa, and whether either are spanned by the InCapm factors (the world market and the exchange rates). 
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(2003) follow Heston and Rouwenhorst (1994) and work with variance analysis. Stocks are im-

plicitly grouped by country or by sector into portfolios, which can be equally or value weighted 

depending on the design; from these portfolios, world, country and sector factors are then con-

structed after taking into account the overlaps between the country and sector membership lists. 

Strictly speaking, the assumptions underlying this variance-analysis model are that a stock has a 

unit exposure to its own country and sector factor, and a zero exposure to all other country or 

sector factors. Also the choice of the test metric, viz. the relative variance of the country and sec-

tor factors, reflects an assumption that stocks’ exposures to these factors are identical, or at least 

sufficiently similar. 

Brooks and Del Negro (2003) generalize the standard variance-analysis model to essentially a 

confirmatory factor analysis, where stocks’ exposures to their own country and sector factors are 

unconstrained rather than set equal to unity. The zero restrictions on the exposures to other coun-

try or sector factors are maintained: a model without any prior restrictions at all would have led to 

the identification problem familiar from standard (exploratory) factor analysis.46 The approach of 

Marsh and Pfleiderer (1997), lastly, allows unrestricted coefficients, but at the cost of abandoning 

the one-step approach. They adopt Fama and MacBeth (1973)’s two-stage approach: start from 

provisionally estimated factor returns to compute sensitivities via time-series OLS, and in a sec-

ond step extract, via cross-section regressions on these estimated sensitivities, the revised factors. 

We verify whether this makes much of a difference. Under this approach, we select as the funda-

mental metric the relative variance of the product of exposure and factor return—a measure of 

stock-return variability generated by the factor—and we purge this of for estimation variance in 

the exposures. Our conclusion is that the ratio of factor-generated variance is even more tilted 

towards countries than the ratio of factor variances themselves. 

                                                 
46 If both the factors and the exposures have to be estimated at the same time from the same dataset and with no constraints, 
there is an infinite possible number of solutions. 
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3.2 Test Design Issues 

3.2.1 What does variance analysis buy us? 

In the Heston-Rouwenhorst tradition, every firm j is associated with one country k=K(j) and one 

sector i=I(j). The return of the stock is generated by four factors: the world factor; the factor of 

the stock's country, κK(j),t; the factor of the stock's industrial sector, ιI(j),t; and a purely idiosyncratic 

risk, εj,t: 

 ( ) ( ), , , ,j t t K j t I j t j tR ω κ ι ε= + + + . (3.1) 

The country factors have a weighted mean of zero across countries, and likewise for the sector 

factors. (We return to the issue of weighting schemes later.) In practice, this analysis-of-variance 

type model is estimated by cross-sectional regressions with two sets of dummies indicating j's 

country or sector affiliation, and with the constraint that the weighted average country or sector 

effect be zero each period:47 
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These cross-sectional regressions are run every period, thus generating a time series of world, 

country and sector factors needed for the analysis. 

Heston and Rouwenhorst use individual-stock returns as left-hand-side variables. For reasons 

explained below we work, instead, with country*sector portfolios as regressands. The construc-

tion of the portfolios matches the weighting scheme v and w in the constraints and the weights in 

the cross-sectional WLS regressions. One approach is to weight each stock equally in the left-

hand-side portfolios; if v and w are then set equal to the number of shares in the country or sector 

and the regressions use Weighted Least Squares (WLS) with weights equal to the number of 

shares in the regressand portfolio, then the factors ω, κ and ι are equally weighted across all 

shares. That is, each country or sector factor has an impact on the world market factor propor-

tional to the number of shares in that country or sector; and each country*sector portfolio has an 

impact on the corresponding country or sector factor proportional to the number of shares in that 

country*sector portfolio. Alternatively, one can adopt value weights in the country*sector portfo-

                                                 
47 The zero-sum constraint is a standard way of avoiding perfect collinearity among the regressors without having to drop one 
dummy per set of indicators. This way, the intercept can be interpreted as a world market factor; and the country and sector 
factors as differential effects vis-à-vis the world market. 
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lio; the matching WLS weighting scheme then is to use the market capitalizations of the left-

hand-side portfolios, and the matching scheme in the constraints is to set v and w equal to the 

market capitalization in the country and sector. Then ω, κ and ι are value-weighted across all 

shares. For completeness, one could also apply Ordinary Least Squares (OLS) and use equal 

weights v or w; then ω, κ and ι are equally weighted across all domestic sector portfolios. 

Brooks and Del Negro (2003) object that, in (3.1), all stocks from a given country are assumed to 

have equal exposures to the country factor, and likewise in the sector dimension. In defense of the 

variance-analysis model it could be argued that (3.1) is not really meant to capture the true return-

generating process; rather, it is intended as a device that allows one to compute and combine 

equally or value weighted indices into factors in a simple, transparent way. To see this, start from 

a model simplified to Rj,t=ωt+εj,t. Clearly, the OLS ω estimate that results from a cross-sectional 

regression on a constant would be the equally weighted world market return; and while one could 

question whether one should weight equally when constructing a market return, the computation 

of such a market return in itself does not assume that all stocks have equal market sensitivities. 

Likewise, if one adds one set of dummies, say the nationality indicators, s.t. a zero-sum con-

straint, then each OLS-estimated κk,t becomes the country's equally weighted mean return in ex-

cess of the grand mean, which in turn is measured by ωt. Again, the mere computation of the 

equally weighted country returns does not assume that all stocks are equally exposed to that mar-

ket factor. 

Obviously, if there is just a world factor and a set of country factors, we do not really need regres-

sion in the first place. Regression becomes useful only as of two or more sets of dummies because 

regression then allows one to sort out the overlaps between the country-based and sector-based 

classifications to correct the simple country-by-country and sector-by-sector equally weighted 

mean returns. Let Nk denote the number of stocks in country k, and ni,k with i=1,…I(N) the num-

ber of stocks within country k that belong to each sector i. (We temporarily omit time subscripts, 

for notational simplicity.) Consider, for example, the country index equally weighted across 

shares and its relation to the country and sector factors. Below, we start from the definition of the 

equally weighted country return, and then substitute the factor model (3.1), taking into account 

that all stocks are from the same country k. We next take the constants out of the averaging opera-

tion and also use the feature that in each cell the residuals sum to zero:48 

                                                 
48 This follows from the orthogonality between the residuals and the regressors, ( ){ }1 0j k K je =′ = , which boils down to the 
mean residual for all stocks from the country. 
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Lastly, we work out the sum across the indicator and, to facilitate the interpretation, bring in the 

zero-average constraint (3.3):49 
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Thus, the country factor starts from the standard country-k index return in excess of the world 

return ω and corrects this for sector factors if and to the extent that the country's sector weights, 

ni,k/Nk in the case of equal weighting, differ from the weights wi used in the world-market factor 

ω. This corrected country k return then estimates the effect of local monetary and fiscal policies, 

differences in institutional and legal regimes and regional economic shocks which all affect the 

performance of the average stock of the country. A similar result holds for the sector factors: 
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where Mi denotes the number of stocks that constitute sector i and mk,i the number of these stocks 

that are from country k.50 (3.6) states that the return of sector i may differ from the return on the 

world market if (i) there is a pure sector effect i.e. due to sector economic shocks, the perform-

ance of sector i in each country may differ from the average firm in that country; or if (ii) the 

geographical composition of sector i is different from the geographical composition of the world 

market. Similar results also hold for value weights. 

In short, one difference between Brooks and Del Negro on the one hand, and Eun et al. or Carrieri 

et al. on the other, is that the former are after a data generating process for stock returns, expo-

                                                 
49 If we consider the value-weighted country index, (3.5) holds with Nk the market capitalization in country k, and ni,k, 
i=1…I(N) the market capitalization within country k that belong to each sector i; and for the equally-weighted (across domes-
tic sector indices) country index Nk becomes the number of sector indices in country k, and ni,k=1, i=1…I(N). 
50 If we consider the value-weighted sector index, (3.6) holds with Mi the market capitalization in sector i, and mk,i, 
k=1…K(N) the market capitalization within sector i that belong to each country k; and for the equally-weighted (across do-
mestic sector indices) sector index Mi becomes the number of country indices in sector i, and mk,i=1, k=1…K(N). 
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sures and all, while the latter are content with computing factors from equally- or value-weighted 

country and sector indices. While one strength of this approach is simplicity and transparency, 

there is a potential drawback that echoes the concern voiced by Brooks & Del Negro about the 

exposures. If one's purpose is to check the relative importance of country v sector factors behind 

stock returns, it should not be taken for granted that country factors generate more variance than 

sector factors if and only if the former have more variance. A sufficient condition for this to be 

true would be that all stocks have equal exposures, but this is by no means necessary (see Appen-

dix 3.A). At this stage, the message is that after estimating the factors via variance analysis, a 

second step is needed: verify whether the distribution of the sensitivities is similar across factors. 

3.2.2 Constrained or confirmatory factor analysis 

The most general linear factor model would be one with unconstrained factors and exposures, 

with the familiar drawback that the model is not identified, that is, an infinite number of rotations 

is possible. Brooks and Del Negro solve this by postulating that stock j is exposed only to its own 

country K(j) and its own sector I(j): 

 

( )( )

( )

( )

subject to  if , and unconstrained otherwise,

if , and unconstrained otherwise.

, , , , , ,
1 1

,

,

,

0

0

K N I N

j t t j k t j k i t j i j t
k i

j k

j i

R

k K j

i I j

ω β κ γ ι δ ε

γ

δ

= =
= + + +

= ≠

= ≠

∑ ∑
 (3.7) 

Brooks and Del Negro also provide an EM estimation procedure, and asymptotic properties. The 

approach is quite similar to Confirmatory Factor Analysis, where one imposes a sufficient number 

of constraints to pin down the correct rotation and where hypotheses testing becomes possible. 

Like many pure factor models this procedure is somewhat of a black box. This becomes more of a 

problem since the zero restrictions imposed on the coefficients are inevitably not fully valid, and 

the impact of this simplifying assumption on the estimates is hard to trace. A priori, one would 

expect firms that are active abroad through trade or investments to be exposed to foreign factors 

too. In fact, Warnock and Cai (2004) show that some firms do exhibit foreign exposure (besides 

home-market sensitivity), and that this foreign exposure is related to the firm's foreign/total sales 

ratio. Another problem is that, in our case, the number of left-hand-side variables is very large 

relative to the length of the time series. The rule of thumb in the street is rather the inverse: in 

confirmatory factor analysis the number of observations is, ideally, ten times the number of vari-

ables. 

A two-step approach is the Fama and MacBeth (1973) procedure adopted by Marsh and Pfleiderer 

(1997). One first uses provisionally estimated factor returns to compute sensitivities via time-

series OLS, 
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and then uses these estimated sensitivities to re-estimate the factors themselves via cross-sectional 

regression. In a way, the first-pass estimated betas, gammas and deltas—the world, country and 

sector sensitivities—replace the dummies in (3.2): 
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The two-step procedure does provide a way out of the identification problem of standard (“ex-

ploratory”) factor analysis, but the obvious drawbacks are the inconsistency between the first- and 

second-pass factors, and the fact that the second-stage regression in no way takes into account the 

estimation errors that are brought in in step 1. To partially remediate this problem, we rely on 

country*sector portfolio returns—equally or value-weighted—as left-side variables in (3.9), 

rather than the standard individual-stock returns. As already pointed out by Fama and MacBeth 

(1973), exposure estimates for portfolios suffer less from errors-in-variables than do estimates for 

individual stocks. As a convenient by-product, portfolios also allow us to work with balanced 

panels without inducing survival bias (although the number of shares in a portfolio does vary over 

time). 

3.2.3 What does the HR-methodology buy us? 

The research issue in Heston and Rouwenhorst (1994) is to what extent the difference in country-

index volatility is due to genuine country-specific factors as opposed to differences in the sectoral 

mix across countries. To this end the method tries to compute pure country and pure sector vari-

ances i.e. the volatility of countries and sectors as if they have the same sectoral or geographical 

composition as the global market index, and after taking out a common world factor. More spe-

cifically, the Heston-Rouwenhorst methodology decomposes each raw country return into three 

components: a world factor, a country-specific weighted-average sector effect, and a pure country 

factor. In the same vein the raw sector return is decomposed into a world component, a sector-

specific weighted-average country effect, and a pure sector factor. 

The HR issue soon becomes linked to the slightly different question whether country factors are 

more important than sector factors, on average. A third possible question can be raised: if, say, the 

average pure country volatility is larger than the average pure sector variance, does this mean that 

diversification across countries reduces more risk than diversification across sectors, in an inter-

national portfolio? (The question was first asked by Solnik, 1977). The answer is: Not necessarily. 

The HR-methodology does not tell us anything about the correlations among sectors or countries. 
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If the average pure country variance is larger than the average pure sector variance, it is probably 

more effective to reduce risk by diversification across countries within an sector than sector diver-

sification within a country (HR 1994). However no conclusion can be made to risk diversification 

within an international or intersectoral portfolio. Worldwide risk diversification is about covari-

ances, not about variances and variance components only. So the HR-methodology cannot gener-

ally be compared to portfolio approaches like Gerard, Hillion and De Roon (2003) 

3.2.4 Research questions 

3.2.4.1 The effects of sample selection 

The first question that motivated this chapter was whether there is any unconditional answer, 

irrespective of the country and size coverage, of the level of sector classification, and of the time 

period and weighting scheme. We document that, within a country, small stocks are characterized 

by larger variances—after controlling for country and sector effects, that is—and exhibit lower 

exposures to world sector factors. Thus, when expanding the size coverage, the world sector fac-

tors become better diversified (as unrelated firms are brought in) and exhibit lower variance. Also, 

the average firm’s exposure to world sector factors drop. Something similar happens when emerg-

ing markets are brought into the picture: these are weakly related to the world market and to sec-

tor factors, and have larger variances, all of which strengthens the country factor. Lastly, the 

weighting scheme matters, for the same reasons. When emerging countries are added and receive 

as much weight as big countries that are well integrated, or when emerging-countries’ smaller 

stocks get as much weight as the larger firms typical for OECD countries, the world sector factors 

explain less and the importance of country effects grows. We illustrate how country and size cov-

erage affect the relative importance of country and sector factors. 

3.2.4.2 The role of exposures 

If there are systematic differences in exposures across factors, a comparison of equally or value-

weighted factor portfolios might not tell us what factors have the biggest impact on stocks. We 

ask the question whether the ranking on the basis of factor variance is the same as the ranking on 

the basis of factor-generated variance. In the case of country risk, for instance, factor-generated 

variance is defined as the variance across the stacked vectors, country by country, with elements 

γj,K(j)κk. Recall that γ is a country exposure and κ the corresponding country factor return. Thus, 
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We relate this variance to var(κ). In computing var(γκ) we purge from the cross-sectional variabil-

ity the part created by estimation errors, as described in Appendix 3.A. Appendix 3.A also identi-

fies the second and fourth moments that drive the difference between the two variances. Notably, 

the factor-generated variance is higher, holding constant the variance of the country factor itself, 

(i) if the mean square exposure to country risk is bigger, or (ii) if high-variance countries tend to 

have highly dispersed exposures, or (iii) if across countries the mean country returns are corre-

lated with the mean exposures. 

3.3 Empirical Results 

3.3.1 Data 

Monthly dollar stock returns were obtained from the international database for the period 1980-

1999, i.e. 240 months, described in Chapter 1 and its Appendices. This database has been con-

structed from Datastream’s “research” and “dead” lists for 39 countries, with the explicit purpose 

to avoid the survival bias and size bias that plague Datastream's standard “market” lists. The files 

were purged of multiple listings, derivatives quotes and other contaminations. In addition, this 

database has been fine-combed for errors in dollar returns, market values and book-to-market data 

(if available). The coverage is unusually complete, especially at the low end of the size spectrum. 

From the monthly dollar returns of individual assets we calculated equally and value weighted 

Level-3 and Level-4 sector portfolios for every country. Obviously not each country is present in 

all Level-3 and Level-4 sectors and vice versa. 

Our first issue is the robustness of the HR-methodology with respect to coverage and sample se-

lection (small-firm and EM coverage, time period, level of sector classification, and weighting). 

Most of these effects have been documented in this literature except for the small-firm effect. 

Section 3.3.2 shows how the inclusion of small firms is likely to strengthen the country-specific 

effects. We then study, in Section 3.3.3, to what extent the results of the standard variance-

analysis approach are effectively affected by sample-selection decisions. We find that the coun-

try-specific volatility is larger than the sector-specific and world-specific volatilities in each and 

every design. We investigate to what extent the conclusions of the variance-analysis approach are 

altered if exposures are brought into the picture. We find Fama-MacBeth factors to be indistin-

guishable from Heston-Rouwenhorst ones; but the variance ratio tilts even more in favor of the 

country-specific effects when the variable studied becomes the product of factor times estimated 

exposure. Lastly, we compute the mean-variance frontiers for equally-weighted country and sec-
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tor indices for the G7, OECD only and OECD plus EMs. We conclude that the HR-methodology 

is not necessarily linked to international risk diversification. 

3.3.2 The behavior of small firms 

We document that small firms have more variance and less affinity to world sector factors. 

3.3.2.1 Fact 1: Small-cap stocks are more volatile than large-cap stocks 

To see whether small-cap stocks have more variability than large-caps we rank all individual 

stocks of a given country—both OECD and emerging—on the basis of average marketcap for 

1980-1999. For each of the 20% smallest stocks we compute the standard deviation of the 

monthly dollar return of all individual stocks for the period 1980-1999, and likewise for the 20% 

largest firms. We lastly compute for every country the difference between the average small-cap 

and the average large-cap standard deviation. Appendix 3.L shows the results. Out of 39 coun-

tries, in only 21 the average standard deviation for small-cap stock returns is larger then the aver-

age standard deviation of its large-cap section. Thus, the prima facie support for the notion that, 

within a country, small are more volatile than large-caps is surprisingly weak. 

But the size factor may be obscured by country and sector factors. To get a clearer view on these 

effects we cross-sectionally regress the estimated standard deviations of all individual stocks in 

the top or bottom quintile on three sets of dummies: two size indicators, 39 country dummies and 

34 Level-4 sector ones: 
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where σj is the standard deviation of stock j and where S(j), K(j) and I(j) indicate the size class, 

country, and sector code associated with j: S=1 or 2; K=1 to 39; L=1 to 34. The coefficients a and 

b1=-b2, along with their White-corrected t-statistics are shown in Table 3.1, while the country and 

sector coefficients are summarized in Appendix 3.M. The difference between small-caps and 

large-caps within a given country re stock variability are statistically very significant (t=11.89) 

and large (2*0.57=1.14 percent per month). 
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Table 3.1: Size effect, within countries, in volatility: top v bottom quintile 
coefficient estimate t-statistic 
a 13.30 130.35 
b1(=-b2) 0.57 11.89 

Key to Table: Standard deviations of 
monthly returns are regressed on a con-
stant, a size indicator (11(j)=1 iff j is in 
the lower size quintile, 12(j)=1 iff j is in 
the top size quintile), as well as country 
and sector dummies whose coefficients 
are not shown in the table. 

 

The next step in the argument is that these small stocks also have weaker world-sector exposure, 

that is, that the extra volatility has local or idiosyncratic roots. 

3.3.2.2 Fact 2: Small stocks have weak world-sector affinities 

To see whether small-caps are less sensitive to their world sector index than are large-caps, we 

adopt a two-step procedure. First, all individual stocks are grouped into portfolios based on the 

intersection of their country (39 of them), Level-4 sector (34) and size category (2). This gener-

ates potentially 2*34*39=2652 portfolios, of which 1400 are effectively available. We compute, 

for each of these intersection portfolios p, the equally weighted monthly dollar return Rp for the 

period 1980-1999, and regress it on the appropriate world-sector index return IR: 

 ( ), , ,p t p p I p t p tR IRα β η= + + . (3.12) 

The result is a cross-section of sector exposure estimates βp, their t-statistics and the sector 

model's R2’s. 

In an exploratory simple test we again compute the average t-statistic for the big-stock versus 

small-stock sector indices within each country. The two times 39 average t-statistics are shown 

columns 3 and 4 in Appendix 3.L. In the table we count only 7 (for small stocks) and 32 (for big-

stocks) out of 39 countries where the average sector exposure t-statistic is above the 95% signifi-

cance level. 

Although this tentatively indicates that small-caps are less exposed to their sector index, we still 

need to control for country and sector effects, which may have induced dependencies that invali-

date the hyper-geometric test. Thus, in the second step, we regress the measure of sector affinity 

on three sets of dummies (two size, 34 country and 39 sector ones): 
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 (3.13) 

where the measure Xp is either the exposure itself (βp), or its t-statistic, or the regression's R2. The 

coefficients for the constant and the size effect are provided in Table 3.2, the coefficients for the 

other indicators are shown in Appendix 3.M. Note that, in Table 3.2, for each measure of world-
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sector affinity there is a significant difference between small-caps and large-caps. If we control 

for country and sector effects, small-caps are significantly less exposed to their sector index 

(∆β=-0.28) than are large-caps relative to the grand mean (0.48). Their typical t-statistics for the 

sector exposure are 3.76 apart, with the small-cap t around 0.83 versus around 4.59 for large-caps. 

R2, lastly, on average drops from 0.17 (large-cap) to essentially zero (small-cap). 

Table 3.2: Size effect, within countries, in world sector affinity: top-bottom quintile 
 Xp=βp Xp=t(βp) Xp=Rp

2 
coefficient estim t-stat estim t-stat estim t-stat 
a 0.48 33.06 2.71 51.09 0.12 50.21 
b1(=-b2) -0.14 11.40 -1.88 -42.31 -0.05 -23.15 

Key to Table: A proxy for world-sector affinity of a country/size 
class/sector portfolio p is regressed on a constant, a size indicator 
(11(j)=1 iff j is in the lower size quintile, 12(j)=1 iff j is in the top size 
quintile), as well as country and sector dummies (whose estimated coef-
ficients are shown in the appendix. The proxy Xp is either βp, its t-
statistic, or Rp

2 of the sector exposure regression (3.12). 
 

In light of the above, the expected effect of adding small firms into the database on sector-

generated variability in stock returns is double. First, the average exposure to the sector drops, 

which lowers the variance explained by the factor. Second, since more firms are added into the 

world sector index that have essentially no correlation with what goes on at the world level, the 

sector index benefits from a diversification effect: its variance drops. This is all the stronger if the 

index is equally weighted. 

3.3.3 Robustness of the HR methodology 

3.3.3.1 Base case 

As our base case sample we select one that would please a traditional mainstream mutual fund: 

we consider 21 OECD countries51 only, and within each country we discard the smallest stocks. 

Specifically, went down the list of average-cap ranked stocks until we had picked up 80% of the 

country’s total average market capitalization. Equally weighted Level-3 country*sector portfolio 

returns are calculated for every country for the period 1990-1999. For every month, the cross-

sectional regression equation (3.2) is run using WLS with weights equal to the number of stocks 

generating the sector index at that month. The weighted sum for the country and sector factors is 

set equal to zero with weights equal to the number of shares in portfolio (k,i).  

Table 3.3 summarizes the results. One set of key figures are the variances in the boldfaced lines at 

the bottom of the first numerical columns of panels A and B. Before moving on to the robustness 

issue of this finding, we discuss the importance of the sector corrections which were made to the 

                                                 
51 Korea and Mexico were considered non-OECD as they entered the OECD union after 1990 (Korea: 12 Dec 1996, Mexico: 
18 May 1994). 
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raw country return (in excess of the world factor) to obtain the final country factor and vv. Panel 

A shows that only a small portion of the variance of excess country returns can be traced to sec-

tor-specific effects: the variance of the sector imbalance effect52 in country returns is, on average, 

only 1.98% of the variance of the excess country returns. The reason is twofold: first, given that 

we consider OECD countries and use broad sector definitions, sector weights within each country 

are never very far from world weights; second, the sector factors themselves have a smaller vari-

ance, as we just found out. 

Panel B shows that, although most of the variance of excess sector returns can likewise be attrib-

uted to sector-specific effects (88.64%), the importance of country imbalance effects53 in excess 

sector returns, on average at 16,06%, is much larger than the sector imbalance effects in excess 

country returns (1.98%). This means that, on average, the volatility of sector indices is more in-

fluenced by specific country effects (at 16.06%), than the volatility of country indices depends on 

specific sector effects (at 1.98%). An obvious reason is that the average variability of excess in-

dex returns is much larger for countries than for sectors (28.70 against 9.22)54. But also the coun-

try imbalance effect in sector returns is larger than the sector imbalance effect in country returns 

(on average 1.05 against 0.41). We can write the country return as follows: 

 ICR wω κ ι= + + . (3.14) 

Taking variances and ignoring covariances we get: 

 ( ) ( ) ( )2var var varICR wω κ ι− = + , (3.15) 

where ω, κ and ι are the world-, country and sector factors and wI
2var(ι) the sector imbalance 

effect in country returns. The sector imbalance effect consists of differential sector weights wI
2—

i.e. weights different from the world portfolio sector weights—and pure sector factors var(ι). 

Equivalently, we can decompose the country imbalance effect in sector returns: 

 ( ) ( ) ( )2var var varCIR wω ι κ− = + . (3.16) 

                                                 
52 The part of a country’s return variance that is due to its sector weights being different from the world portfolio sector 

weights is called the sector imbalance effect of that country. The sector imbalance effect is 
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53 The part of an sector’s return variance that is due to its country weights being different from the world portfolio country 
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54 These figures can be obtained by dividing the numbers in column 1 (or 3) by the numbers in column 2 (or 4) in Table 3.3, 
and then taking the cross-country and cross-sector average. 
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Table 3.3: Base Case: OECD, 80%, Level-3, 1990-1999, WLS: #shares, restrictions weights: 

#shares; equally weighted index returns 
Panel A: country factors 
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Australia 18.47 100.03% 0.84 4.52% 
Germany 15.97 94.24% 0.16 0.96% 
Belgium 12.26 93.04% 0.13 0.96% 
Canada 14.87 92.60% 1.68 10.44% 
Denmark 13.95 95.63% 0.27 1.87% 
Spain 20.29 96.78% 1.04 4.96% 
Finland 40.74 99.55% 0.14 0.35% 
France 14.56 98.36% 0.03 0.22% 
Greece 154.08 101.26% 0.33 0.21% 
Ireland 15.01 98.63% 0.56 3.68% 
Italy 37.98 104.90% 1.03 2.84% 
Japan 48.38 99.48% 0.15 0.30% 
Netherlands 14.57 105.62% 0.13 0.95% 
Norway 32.34 95.56% 0.29 0.84% 
New Zealand 31.00 98.82% 0.53 1.70% 
Austria 26.72 94.48% 0.28 0.97% 
Portugal 23.70 98.48% 0.49 2.05% 
Sweden 28.17 97.01% 0.15 0.53% 
Switzerland 12.09 93.00% 0.29 2.22% 
U.K. 12.10 102.95% 0.05 0.41% 
U.S. 9.16 97.56% 0.05 0.52% 
Cross-country average 28.40 98.00% 0.41 1.98% 

 
Panel B: sector factors 

 ( )var ι  
( )

( )
var

var kIR
ι

ω−
 

( )
,

1

var
K N

k i
k

ik

m
M

κ
=

⎛ ⎞⎟⎜ ⎟⎜ ⎟⎜ ⎟⎟⎜⎝ ⎠
∑  

( )

( )

,

1

var

var

K N
k i

k
ik

k

m
M

IR

κ

ω
=

⎛ ⎞⎟⎜ ⎟⎜ ⎟⎜ ⎟⎟⎜⎝ ⎠
−

∑
 

Basic Industries 2.09 40.33% 2.27 43.73% 
Cyclical Consumer Good 2.10 83.02% 0.68 26.90% 
Cyclical Services 1.10 103.73% 0.17 16.28% 
General Industries 1.35 90.51% 0.43 28.76% 
Information Technology 17.97 82.10% 1.19 5.43% 
Non-cyclical Consumer 3.94 92.00% 0.18 4.14% 
Non-cyclical Services 4.75 92.20% 0.54 10.39% 
Resources 26.15 99.77% 3.54 13.50% 
Financials 7.10 94.96% 0.32 4.34% 
Utilities 18.24 107.78% 1.22 7.18% 
Cross-sector average 8.48 88.64% 1.05 16.06% 

 

Evaluating (3.15) and (3.16) we notice that the differential weights are not very different (wI=0.19 

and wC=0.16). The implication is that the difference between the country imbalance effect in sec-

tor returns and the sector imbalance effect in countries (on average 1.05 against 0.41) is, to a large 

extent, attributed to the higher variability of the pure country factor compared to the pure sector 

factor (on average 28.40 against 8.48). 

The pure country-factor variance is the country-index volatility if it has the same sectoral compo-

sition as the market portfolio, after taking out a common world volatility. The pure sector-factor 

variance is the sector-index volatility if it has the same geographical composition as the market 

portfolio, after taking out a common world volatility. At 28.40 (ppm2—percent per month 

squared), the typical country-factor variance is more than three times larger than the average sec-
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tor-factor variance (8.48). This means that, on average, country-specific effects are more volatile 

than sector-specific effects. Or, stated differently, country effects dominate sector effects. The 

pure world-factor variance (16.52) lies between the pure country variance (28.40) and the pure 

sector variance (8.48). This underlines the importance of specific country and sector effects in 

international stock returns. 

From all countries, the country-specific effects of Greece (e.g. local political, economical and 

financial regimes and decisions) generate the highest variance at 154.08, taking out the world 

effects and any sectoral effect. In Canada, 10.44% of the country’s excess volatility is explained 

by its specific sector-mix. Compared to other countries, Canada seem to be relatively specialized 

in a few sectors compared to the world portfolio. From all sectors, the specific effects of the IT, 

Resources and Utilities sectors (e.g. sector specific shocks) generate the highest variances, taking 

out the world effects and any country-specific effect. In the Basic Industries sector, 43.73% of the 

sector’s excess volatility is explained by its specific geographical distribution. Compared to other 

sectors, Basic Industries seems to be relatively geographically concentrated. 

We found that country-specific effects explain more sector-index volatility than sector-specific 

effects explain country-index volatility, and that country effects are more volatile than sector ef-

fects. Nevertheless, this does not necessarily mean that international sector diversification would 

be less effective than international country diversification. The Heston-Rouwenhorst methodol-

ogy is all about variances. Risk diversification is also about covariances. We discuss this issue 

later on in Section 3.3.4. 

3.3.3.2 Robustness of the HR-methodology 

In this section we check whether the empirical HR-results are robust to variations in the test de-

sign. We explore variations to the base case in time period, country coverage, sector classifica-

tion, size coverage, weighting schemes, exposure handling and correction for estimation error. 

Table 3.4 summarizes the results, more detailed figures are provided in Appendix 3.B to K. 
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Table 3.4: Summary of robustness checks 
Panel A 

 var(κ)/var(ι) var(κ)/var(ω) var(ι)/var(ω) 
Base case: 3.35 1.72 0.51 
Robustness to sample issues    
time period:    

1980-89 4.50 1.61 0.36 
1990-94 2.89 3.87 1.34 
1995-99 2.11 3.12 1.48 

country coverage:    
add emerging markets 7.58 4.92 0.65 
discard non-G7 markets 2.62 1.27 0.48 

sector classification: Level-4 instead of Level-3 2.84 1.80 0.63 
size coverage: all stocks instead of top 80% (in value) 3.53 1.73 0.49 
value-weighted 3.29 1.76 0.53 
equally weighted across sector indices 5.72 1.60 0.28 
Robustness to dissimilarities of exposures    
two-stage Fama-MacBeth: 2nd-stage var(κ)/var(ι) 3.67 1.85 0.50 
two-stage Fama-MacBeth: 2nd-stage var(γκ)/var(δι) 8.63 1.57 0.18 
idem, corrected for estimation error 10.92 1.64 0.15 

Panel B 
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Effect Ratio 

Base case: 1.98% 16.06% 8.11 
Robustness to sample issues    
time period:    

1980-89 1.88% 15.62% 8.31 
1990-94 2.45% 8.45% 3.45 
1995-99 3.13% 6.48% 2.07 

country coverage:    
add emerging markets 2.01% 0.15% 0.07 
discard non-G7 markets 2.28% 18.77% 8.23 

sector classification: Level-4 instead of Level-3 2.99% 17.85% 5.97 
size coverage: all stocks instead of top 80% (in value) 1.83% 18.48% 10.10 
value-weighted 5.57% 16.23% 2.91 
equally weighted across sector indices 0.22% 2.53% 11.50 

Key to Table: var(κ), var(ι) and var(ω) are the average variances generated by country-specific, sector-specific and 

world-specific effects. 
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 is the average country excess volatility that is explained by specific-sector ef-

fects. 
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 is the average sector excess volatility that is explained by specific country effects. The Effect 

Ratio is the ratio of the average sector excess volatility that is explained by specific-country effects divided by the aver-
age country excess volatility that is explained by specific-sector effects. Stated differently, the Effect Ratio is the ratio 
of country effects in sector indices divided by sector effects in country indices. 

 

Time period. The base case considers the nineties (1990-1999) whereas the time-period variants 

study the eighties (1980-1989), the early nineties (1990-1994) and the late nineties (1995-1999). 

From Panel A, we notice that both in the eighties and nineties the volatility of country-specific 

effects is larger than the variance generated by sector effects (var(κ)/var(ι) > 1). However, the 

volatility of sector-specific effects rises gradually compared to country effects as the ratio is get-

ting smaller towards the millennium (eighties, 4.50 and nineties, 3.35; early nineties, 2.89 and late 

nineties, 2.11). The average volatility of the country factor is robustly larger than the variance of 

the world factor (var(κ)/var(ω) > 1) whereas the volatility of the sector effects are robustly lower 
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than the variance generated by world-specific effects (var(ι)/var(ω) < 1). Both country- and sec-

tor-specific effects are more volatile in the nineties than the eighties compared to the volatility of 

the world factor (1.72 against 1.61 and 0.51 against 0.36). However, the volatility generated by 

country-specific effects compared to the variance of the world factor drops from 3.87 to 3.12, 

whereas the volatility of the sector factor compared to the variance generated by world-specific 

effects rise from 1.34 to 1.48. Panel B shows that country effects explain more excess sector vola-

tility than sector effects explain excess country volatility (Effect Ratio > 1). However, the Effect 

Ratio drops from 8.31 (eighties) to 8.11 (nineties) and from 3.45 (early nineties) to 2.07 (late 

nineties), meaning that sector effects explaining country indices are gradually catching up country 

effects explaining sector indices. 

Country coverage. In the first country-coverage variant we add 15 non-OECD countries to the 

database. In Panel A, var(κ)/var(ω) rises from 1.72 tot 4.92, that is, adding emerging markets to 

the sample boosts the average country-specific volatility compared to the average world-specific 

volatility. This is in line with emerging countries being less integrated into the world economy, 

such that their country index is largely idiosyncratic and country-specific. Also the ratio 

var(ι)/var(ω) rises from 0.51 to 0.65, that is, adding emerging markets to the sample makes the 

average sector-specific volatility rise compared to the average world-specific volatility. However, 

adding emerging markets boosts the average country-specific volatility more than the average 

sector-specific volatility (var(κ)/var(ι) goes from 3.35 to 7.58). Discarding the non-G7 countries 

from the sample has the opposite effect. The average country-specific and sector-specific volatil-

ity go down compared to the world-specific volatility (var(κ)/var(ω) from 1.72 to 1.27 and 

var(ι)/var(ω) from 0.51 to 0.48). This is in line with G7 countries being more integrated into the 

world economy. However, keeping G7 countries only, lowers the country-specific volatility more 

than the sector-specific volatility compared to the world-specific effects (var(κ)/var(ι) goes from 

3.35 to 2.62). Panel B shows that adding emerging countries lowers the amount of excess sector 

variance explained by country-specific effect to such extent that the Effect Ratio drops below one. 

This means that sector effects explain more of country-index volatility than country effects ex-

plain sector-index variance. Going from OECD to G7 does not have a large impact on the Effect 

Ratio, country effects explain eight times more sector-index volatility than sector effects explain 

country-index variance. 

Sector classification. Panel A shows that the sector-specific volatility rises by adopting a more 

disaggregate sector classification (var(ι)/var(ω) goes from 0.51 (10 levels) to 0.63 (34 levels) 

whereas the country-specific volatility remains more or less the same (1.72 against 1.80). This 

makes the ratio var(κ)/var(ι) go from 3.35 to 2.84. In the same line, we find in Panel B that a more 

disaggregate sector classification explains more excess country-index volatility (1.98% against 

2.99%) and drops the Effect Ratio (8.11 against 5.97). 
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Size coverage. In the base case, the sample contains only the biggest stocks per country based on 

the average dollar marketcaps of 1980-1999. If, instead, we include all stocks, the impact is unex-

pectedly puny in Panel A: there is only a small rise in the var(κ)/var(ι) ratio for the all-stock sam-

ple (3.53) relative to the 80%-sample (3.35). The average country- and sector-specific volatility 

compared to the world-specific variance remain more or less constant. In Panel B we pick up a 

rise in the Effect Ratio from 8.11 to 10.10 meaning that country effects can explain ten times 

more excess sector-index volatility than sector effects can explain country-index variance if small 

stocks are included into the sample. 

Value-weighting. In this value weighting variant, we lower the impact of small stocks both in the 

data sample as in the estimation procedure. We start from value-weighted instead of equally-

weighted sector indices at the left-side of (3.2); in the cross-sectional regressions we weight each 

portfolio’s return by its dollar marketcap instead of the number of companies in the portfolio; and 

in the constraints (3.3) the country and sector factors are weighted by the country’s or sector’s 

dollar marketcap instead of its number of companies. Panel A shows that value weighting hardly 

affects the var(κ)/var(ι) ratio: it drops from 3.35 to 3.29. Given the small-firm effect documented 

in the preceding variant a small drop in the ratio was to be expected also here, but the effect turns 

out to be quite marginal. The average country- and sector-specific volatility compared to the 

world-specific variance remain more or less constant. However, in Panel B, we notice a large 

increase in the excess country index volatility explained by sector-specific effects (1.98% be-

comes 5.57%). This is in line with countries having their market capitalization relatively concen-

trated in a few companies, which makes the probability of its sector-mix being far from the world 

sector-mix higher than with an equally weighted approach; the number of companies instead of 

the amount of market capitalization defines the sector-mix. Consequently, the Effect Ratio drops 

from 8.11 to 2.91, which means that, with a value-weighting methodology, sector effects explain-

ing country indices gain on country effects explaining sector indices. 

Equally weighted across sector indices. In light of our finding that value weighting makes no 

appreciable difference in country- and sector-specific volatilities (Panel A), we wonder whether 

equally weighting of indices (instead of equally weighting of individual companies) is unimpor-

tant too. So in this variant we equally weight across indices by running (3.2) with OLS and using 

the number of indices as weights in (3.3). This is a rather perverted methodology as it is neither 

common equally weighting nor value-weighting. Panel A shows that the var(κ)/var(ι) ratio is posi-

tively affected (from 3.35 to 5.72). In Panel B both the excess country-index volatility explained 

by sector effects and the excess sector-index volatility explained by country effects go down and 

the Effect Ratio rises drastically. This shows that methodology does matter and that caution is 

recommended. 
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Dissimilarities of exposures. The base case ignores the possibility that, for instance, the variance 

of country sensitivities γ across stocks may be larger than the variance of the sector sensitivities δ, 

so that the ratio var(γκ)/var(δι) may be much larger than the ratio var(κ)/var(ι). The first ratio is 

arguably the more important one, as it looks at the stock-return variance generated by the factor 

rather than the variance of the factor itself.  

We accordingly add two steps to the base case. First. we estimate world, country and sector expo-

sures by running OLS time-series regressions (3.9) using the estimated factors from the base case 

as regressors. These exposures are still constrained in the sense that, say, a German steel company 

cannot be exposed to, for instance, the US factor and or the Construction factor; but the non-zero 

coefficients are no longer set equal to unity a priori, as is done in the variance-analysis model. 

We calculate the Wald statistic for the null hypothesis that for each portfolio its country exposure 

equals its sector exposure. This null is rejected by a very wide margin (χ2=3353.08; p-value=0.00) 

even without testing whether that supposedly common value might be unity. This means that 

exposures are not of the [1,0] type, creating room for the possibility that the ratio var(γκ)/var(δι) 

may differ from the ratio var(κ)/var(ι).  

Step 2 is similar to the Heston-Rouwenhorst regression except that estimated gammas and deltas 

are used instead of sector and country dummies. This produces a revised set of factor returns. In 

terms of variances, the second-pass factor returns turn out to be almost indistinguishable from the 

original ones, as can be seen from Appendix 3.N and Appendix 3.O; the average pairwise correla-

tion between the two estimates of the factors is 0.994. Not surprisingly, then, the ratio of the aver-

age country-specific variance over average sector-specific variance is hardly affected, becoming 

3.67 instead of 3.35. 

In that set of computations, the factors are estimated on the basis of the exposures, but the funda-

mental test metric is still the ratio of the average factor volatilities. In the third step we study the 

variances of the products of factor-specific return and exposure. The last line but one in Panel A 

shows that if one takes into account also the exposures, both the country- and sector-specific vola-

tility drops with respect to the world-specific variance (var(γκ)/var(ω) goes from 1.85 to 1.57 and 

var(δι)/var(ω) from 0.50 to 0.18). Notice that the world-specific volatility is larger than the sector-

specific volatility but lower than the country-specific volatility. However, the var(γκ)/var(δι) ratio 

rises from 3.67 to 8.63, meaning that taking into account exposures makes the country-specific 

volatility even more larger than the sector-specific volatility. Thus, country exposures seem to 

exhibit more variability across stocks than sector sensitivities, which boosts the average amount 

of stock-return variance generated by the country factor. 

The remaining problem with this result is that the exposures are estimated with error, which in-

flates the variance of the product of exposure and factor; that is, part of the observed cross-

sectional variance must be due to estimation error. Our correction for this estimation error, along 
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the lines set out in the Appendix 3.A, boosts the var(γκ)/var(δι) ratio even further, to 10.92. Thus, 

correcting for errors makes var(δι) fall more than var(γκ), meaning that estimated sector expo-

sures are more imprecise than estimated country exposures. This should not have been a huge 

surprise in light of the lower variability of sector returns. 

The general conclusion of this subsection is that both sample selection and methodological issues 

have a substantial impact on the HR-results—we can bring the Effect Ratio below one but the 

var(κ)/var(ι) ratio remains larger than one. Although the standard procedure of ignoring exposures 

does produce the correct relative ranking of country, sector and world factors as generators of 

stock returns, it does underestimate the magnitude by which the country-specific volatility is lar-

ger than the sector-specific volatility. 

3.3.4 HR-methodology and risk diversification: mean-

variance portfolio frontiers and spanning tests 

In this section we prove that if the average country-specific volatility is larger than the average 

sector-specific variance, this does not necessarily mean that diversification across countries re-

duces more risk than diversification across sectors, in an international portfolio. The HR-

methodology does not tell us anything about the correlations among sectors or countries. No con-

clusion can be made to risk diversification within an international or intersectoral portfolio. 

Worldwide risk diversification is about covariances, not about variances and variance components 

only. 

The mean-variance portfolio frontier can be computed according the mathematics of the portfolio 

frontier in Merton (1972), 
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where e denotes the N-vector of expected rates of returns on the N risky assets, E[rp] denotes the 

expected rate of return on portfolio p, and 1 is an N-vector of ones. In our sample, the rate of re-

turn on any asset cannot be expressed as a linear combination of the rates of return on other as-

sets—assets are said to be linearly independent and their covariance matrix V is nonsingular. The 

covariance matrix is also symmetric because cov(rj,ri)=cov(ri,rj) for all i, j. Such a symmetric 

matrix is said to be positive definite if for arbitrary N-vector of constants w, with w≠0, wTVw>0, 

where T denotes “transpose” and where w≠0 means there is at least one element of w that is not 
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zero. For unbalanced samples, the covariance matrix may be non-positive definite and (3.17) may 

generate negative variances in the portfolio frontier.  

Figure 3.1 shows the mean-variance frontiers of six balanced samples of equally weighted coun-

try index returns for March 1992 to December 1999 that contain: (i) only G7 countries55 discard-

ing the 20% smallest stocks56 for each country (graph: G7), or (ii) only OECD countries57 dis-

carding the 20% smallest stocks for each country (graph: OECD), or (iii) both OECD and EM 

countries58 discarding the 20% smallest stocks for each country (graph: OECD+EM), or (iv) only 

G7 countries including the 20% smallest stocks for each country (graph: G7+small stocks), or (v) 

only OECD countries including the 20% smallest stocks for each country (graph: OECD+small 

stocks), or (vi) both OECD and EM countries including the 20% smallest stocks for each country 

(graph: OECD+EM+small stocks). 

Figure 3.1: Mean-variance frontier for six balanced samples of equally 

weighted country index returns for March 1992 to December 1999 
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We notice from Figure 3.1 that the country coverage in the sample has a large impact on the op-

portunity set or mean-variance portfolio frontier. The opportunity set is clearly shifted to the left 

when we go from the G7 to OECD or the global sample. For each of these country coverage vari-
                                                 
55 G7 countries: Germany, Canada, France, Italy, Japan, United Kingdom, United States. 
56 i.e. based on the average market value for 1980-1999. 
57 i.e. 22 OECD countries: Australia, Germany, Belgium, Canada, Denmark, Spain, Finland, France, Greece, Ireland, Italy, 
Japan, Luxembourg, Netherlands, Norway, New Zealand, Austria, Portugal, Sweden, Switzerland, United Kingdom, United 
States (Korea and Mexico were classified as emerging countries as they joined OECD after March 1992—respectively De-
cember 1996 and May 1994). 
58 i.e. 17 emerging countries: China, India, Malaysia, Taiwan, South Africa, Hong Kong, Thailand, Singapore, Brazil, Indone-
sia, Chili, Philippines, Peru, Colombia, Argentina and, Korea and Mexico. 
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ants, we notice that including the 20% smallest stocks for each country, pushes the opportunity set 

further to the left, making better mean-variance combinations or more effective risk reduction 

possible than when no small stocks are included, like in Petrella (2005)59. This finding is in line 

with the intuition that adding more countries (from 7, G7 to 22, OECD and 39, OECD and EM) 

creates more risk diversification opportunities if those countries generate some country-specific 

effects, like we found in Section 3.3.3. Also the intuition that small stocks are less integrated into 

the world economy and behave rather idiosyncratic (see Section 3.3.2) is in line with the opportu-

nity sets shifting to the left if small stocks are added to the sample, meaning that small stocks add 

risk reduction opportunities. Still, adding small stocks has far less of an effect than adding coun-

tries (G7 v. OECD; OECD v. All). 

Figure 3.2 shows the mean-variance frontiers of six balanced samples of equally weighted sector 

index returns discarding the 20% smallest stocks for each country for January 1980 to December 

1999 that contain: (i) Level-3 sector indices60 from only G7 countries (graph: G7 Level-3), or (ii) 

Level-3 sector indices from only OECD countries (graph: OECD Level-3), or (iii) Level-3 sector 

indices from both OECD and EM countries (graph: OECD+EM Level-3), or (iv) Level-4 sector 

indices61 from only G7 countries (graph: G7+ small stocks), or (v) Level-4 sector indices from 

only OECD countries (graph: OECD+small stocks), or (vi) Level-4 sector indices from both 

OECD and EM countries (graph: OECD+EM+small stocks). 

We notice, from Figure 3.2, that the sector classification (10 Level-3’s vs. 34 Level-4’s) in the 

sample has a large impact on the opportunity set or mean-variance portfolio frontier. The oppor-

tunity set is clearly shifted to the left when we go from the Level-3 to the less aggregated Level-4 

classification. This is in line with the intuition that a more disaggregate sector classification adds 

risk reduction opportunities if the extra sectors generate some sector-specific effects, like we 

found in Section 3.3.3. For both sector classification variants, we notice that going from the G7 to 

the OECD and to the global region, pushes the opportunity set further left-upward, making better 

mean-variance combinations or more effective risk reduction possible. However, the effect is 

small relative to that of choosing another sector classification level. 

                                                 
59 Petrella shows that euro area small and mid cap stocks, as classified by size quartile and quintile rankings, arise as truly 
autonomous asset classes and detects diversification gains from investing in euro area small capitalization stocks. 
60 i.e. 10 Level-3 sector indices: basic industries, cyclical consumer goods, cyclical services, general services, information 
technology, non-cyclical consumer goods, non-cyclical services, resources, financials and utilities. 
61 i.e. 34 Level-4 sector indices: aerospace and defense, automobile and parts, banks, beverages, chemicals, construction and 
materials, diversified sector, electricity, electronics and electrics, engineering and machinery, food and drug retailers, food 
producers, forestry and paper, household goods and textiles, healthcare, i/t hardware, insurance, leisure and hotels, life assur-
ance, media and entertainment, mining, oil and gas personal care and house, pharma and biotech, real estate, general retailers, 
software and services, specialty and other finance, steel and other metals, support services, telecom services, tobacco, trans-
port and other utilities. 
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Figure 3.2: Mean-variance frontier for six balanced samples of equally 

 weighted sector index returns for January 1980 to December 1999 
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To show that there may be no necessary link between the HR-methodology and international risk 

diversification, we calculate the mean-variance frontiers for three balanced samples (G7, OECD, 

OECD and EM) of equally-weighted Level-3 and Level-4 sector indices and country indices from 

March 1992 to December 1999. Appropriate spanning tests will, then, prove the significance of 

these graphical conjectures. A spanning test proves whether two opportunity sets are significantly 

different by testing whether one sample of indices spans the other.  

 ′= + +x yR A B R E , (3.18) 

with Rx and Ry the matrices of two samples of indices, A the matrix of intercepts, B the matrix of 

sensitivities and E the matrix of error terms. Testing for A significance is testing whether the 

opportunity set generated by Ry is significantly different from the opportunity set generated by Rx 

—or testing whether the x indices can be spanned by the y indices. This spanning test is equiva-

lent to testing whether the ratio of the maximum Sharpe ratio of Rx relative to the maximum 

Sharpe ratio of Ry is significantly different from one. If A is significant, diversification across the 

sample of indices generating the left mean-variance frontier is a more effective tool to reduce risk 

than diversification across the sample of indices generating the right mean-variance frontier. 
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Figure 3.3: Mean-variance frontier for three balanced samples of equally 

weighted Level-3 and Level-4 sector index returns and country 

index returns for March 1992 to December 1999: OECD and EM 
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From Figure 3.3 and the appropriate spanning tests we conclude that—both graphically and statis-

tically—the Level-4 sector indices cannot be spanned by the country indices and the country indi-

ces cannot be spanned by the Level-3 sector indices, in the OECD plus EM region. The spanning 

test of Level-4 indices on country indices and country indices on Level-3 sector indices generate 

significant A matrices (Wald statistics = 293.67 and 70.45, p-values = 0.00 and 0.00). Inspection 

of the individual intercepts does not reveal any extraordinary significant Level-4 or country indi-

ces that alone could account for the overall matrix A significance or mean-variance opportunities. 

Especially the IT sectors seemed to be only insignificantly positive.62 This means that diversifica-

tion across country indices can be a more effective tool for risk reduction than diversifying across 

the Level-3 sector indices, in the OECD plus EM region. The HR-methodology is apparently in 

line with this result as we found that the country-specific volatility is 7.58 times larger than the 

Level-3 sector-specific volatility, in the OECD plus EM region. However, switching to a more 

disaggregate Level-4 sector classification, Figure 3.3 and the spanning test, show that diversifica-

                                                 
62 Campbell (2001) uses a disaggregated approach to study the volatility of common stocks at the market, sector, and firm 
levels. Over the period from 1962 to 1997 there has been a noticeable increase in firm-level volatility relative to market vola-
tility. Especially the ICT sector generated high volatility such that this sector alone could actually shift the sector frontier to 
the left. However we find that this is not the case. 
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tion across Level-4 sector indices is a potentially more effective method to reduce risk than diver-

sifying across country indices.63 

From Figure 3.4 and 3.5 and the appropriate spanning tests we conclude that—both graphically 

and statistically—the Level-3 and Level-4 sector indices cannot be spanned by the country indi-

ces, both the G7 and OECD region. The spanning tests of Level-3 indices on country indices gen-

erate significant A matrices (Wald statistics = 68.23 (G7) and 43.40 (OECD), p-values = 0.00 

(G7) and 0.00 (OECD)). Inspection of the individual intercepts does not reveal any extraordinary 

significant Level-3 indices that alone could account for the overall matrix A significance or mean-

variance opportunities. Especially the IT sector seemed to be only insignificantly positive. This 

means that diversification across Level-3 or Level-4 sector indices can be a more effective tool 

for risk reduction than diversifying across the country indices in both the G7 and OECD region.64 

In contrast, we found from the HR-methodology that, within the G7 (or OECD) region, the coun-

try-specific volatility was 2.62 (or 3.35) times larger than the sector-specific volatility. These 

apparently contradictory results, illustrate that the HR-methodology does not tell us anything 

about the correlations among sectors or countries and that no conclusion can be made to interna-

tional risk diversification. Stated differently, there seems to be no necessary link between the HR-

methodology and international risk diversification opportunities. 

                                                 
63 We cannot link this result with the HR-results as we applied the HR-methodology to the sector classification variant (Level-
3 versus Level-4) for the OECD region only, not for the OECD plus EM region. 
64 As the Level-4 frontier lies clearly to the left of the Level-3 frontier, both for G7 and OECD, significant spanning tests of 
Level-3 on country indices induces significant spanning tests of Level-4 on country indices. 



120 Chapter 3: Country and Sector Effects in International Stock Returns 

 

Figure 3.4: Mean-variance frontier for three balanced samples of equally 

weighted Level-3 and Level-4 sector index returns and country 

index returns for March 1992 to December 1999: G7 region 
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Figure 3.5: Mean-variance frontier for three balanced samples of equally 

weighted Level-3 and Level-4 sector index returns and country 

index returns for March 1992 to December 1999: OECD region 
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3.4 Conclusion 
Heston and Rouwenhorst (1994) adopt a procedure to estimate world, country and sector factors. 

In the case of a country-specific factor, for instance, one starts from the raw country-index return 

in excess of the world return, from which one then subtracts sector-specific returns weighted by 

the country’s differential sector weights, that is, the sector’s weight in the country versus in the 

world. 

In this chapter we verify the robustness of the HR-methodology. We consider many variations on 

a base case format and show that the average country-specific volatility is robustly larger than the 

average sector-specific volatility and world factor variance; and that the sector factor variance is 

robustly smaller than the world factor volatility. However, the magnitudes vary widely depending 

on the design. Especially the introduction of emerging countries into the data sample boosts the 

country-specific variance. We also explain the rise in the country factor volatility if one intro-

duces small-caps into the data sample: these stocks have significantly more variability than large-

caps when controlling for country and sector effects, and they are significantly less sensitive to 

their global sector index. However, adding small stocks has, all by all, a minor effect only. 

If one is concerned with the data generating process of stock returns or if the portfolio holds a 

rather small number of assets, one would like to know what factor has the largest impact on the 

return of a randomly chosen stock. This calls for a study of var(γκ) instead of var(κ). This would 

not make a difference if all non-zero factor exposures are equal across all stocks, but we show that 

this is not statistically acceptable. Hence we extend the HR-procedure to estimate the factor expo-

sures. One has to realize however, that comparing the factor-generated variance like var(γκ)—

instead of the pure factor variance var(κ)—could still give the wrong ranking as exposures are just 

estimates; part of the estimated factor-generated variance var(γκ) is due to estimation error and 

needs to be corrected. Correcting for error variance in the exposures, we are even more inclined to 

accept that the country factor variance is larger than the sector-specific volatility. The ultimate 

magnitude is quite different from the one suggested by the variance-analysis model. 

Apart from pure country-specific and sector-specific volatilities, the HR-methodology is also after 

the impact of sector-specific effects in country indices and country-specific effects in sector indi-

ces. To what extent can differences in country-index volatilities be explained by differences be-

tween country’s sector-mix? Or can differences in sector-index volatilities be explained by differ-

ences between sector’s geographically distribution? Again we verify the robustness of the HR-

methodology in this respect. We find that country-specific effects, on average, explain more of 

excess sector-index volatilities than sector-specific effects can explain excess country-index vola-

tilities, except in one sample variant. If the sample includes, apart from OECD countries, also 
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EMs, than sector-specific effects can explain more of excess country volatilities than country 

factors can explain excess sector volatilities. 

An important issue in this chapter is the breakdown of the link between the HR-methodology and 

international risk diversification. We illustrate that the HR-methodology does not tell us anything 

about the correlations among sectors or countries. If the average pure country variance is larger 

than the average pure sector variance, like we found, no conclusion can be made to international 

risk diversification. In contrast with the HR-results we show that diversification across sector 

indices can be a more effective tool for risk reduction than diversifying across country indices. 

Worldwide risk diversification is about covariances, not about variances and variance components 

only. So the HR-methodology cannot generally be compared to portfolio approaches like Gerard, 

Hillion and De Roon (2003). 

This work covers the eighties and nineties, not the post-millennium period. Shifting the sample 

period from the eighties and nineties to the post-millennium period could perhaps breakdown the 

robustness of country-specific volatility being larger than sector-specific volatility.65 

                                                 
65 See Rouwenhorst’s website (http://mayet.som.yale.edu/~geert/) and Sharaiha et al. (2003, 2004) 
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Appendix 3.A: Decomposing var(γκ) 
Suppose the true generating process is the linear model with unrestricted exposures as given in 

(3.9). In computing var(γκ) we want to take into account the information on variability created by 

estimation errors. This requires a decomposition of the variance of the product into factor- and 

exposure-related moments. Below, the operators E() and cov() refer to similar operations across 

the stacked vector of products γκ as in (3.10); and E(.)2 denotes the square of the expectation, not 

the expectation of the square. In the last line of the equation array below, we have used 

cov(γ,κ)=E[cov(γ,κ|k)]+E{[E(γ|k)-E(γ)][E(κ|k)-E(κ)]}, in which expression the conditional covari-

ances are all zero because, conditional on the country k, the factor is common across all stocks 

and therefore is not a source of covariance with the loadings. The result is 
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This shows us why, in a general model the ranking on the basis of factor-generated variance, like 

var(γκ), may differ from a ranking on the basis of factor variance, like var(κ).66 The equation 

(3.19) also provides clues on how to adjust the empirical counterpart of (3.19) for the available 

information on estimation error. Indeed, in reality we observe only estimated exposures, γ̂ , whose 

cross-sectional variance is inflated by estimation error. The estimated standard error for each 

company's exposure, ( )ˆSE γ  can be used to correct the observed cross-sectional variance as fol-

lows: 
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66 For instance, the factor-generated country variance can be higher than the factor-generated sector variance although the 
variance of the country factor is smaller than the sector variance if (i) the mean square exposure to country risk is larger than 
the mean square exposure to sector risk i.e. if on average the dispersion of the exposure to country risk is higher than the 
dispersion of the exposure to sector risk or higher absolute exposures to country risk enhance the impact of country risk on 
stock returns, or (ii) if the covariance between square exposures and square factor returns is higher for countries than for 
sectors i.e. if high dispersed country exposures tend to go together with high dispersed country factor returns; that is, the 
timing of the exposures is different between countries and sectors. 
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Appendix 3.B: Time Period: OECD, 80%, 

Level-3, 1980-1989, WLS: #shares, restric-

tions weights: #shares; equally weighted in-

dex returns 
Panel A: country factors* 
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Australia 43.05 96.84% 1.86 4.19% 
Germany 23.50 95.20% 0.29 1.19% 
Belgium 31.19 100.20% 0.07 0.22% 
Canada 18.24 95.21% 2.49 12.98% 
Denmark 37.16 99.34% 0.35 0.93% 
France 35.49 102.28% 0.04 0.12% 
Ireland 26.98 99.20% 0.47 1.73% 
Italy 50.71 100.69% 0.50 1.00% 
Japan 24.16 106.15% 0.16 0.70% 
Netherlands 22.27 98.52% 0.08 0.35% 
Norway 41.06 95.67% 0.62 1.43% 
Austria 49.82 101.44% 0.27 0.56% 
Sweden 45.50 99.93% 0.62 1.36% 
Switzerland 16.44 94.68% 0.51 2.93% 
U.K. 18.54 101.63% 0.05 0.27% 
U.S. 6.70 101.85% 0.01 0.20% 
Cross-country average 30.68 99.30% 0.52 1.88% 
* Spain, Finland, Greece, New-Zealand and Portugal suffered from data gaps during the eighties. 

 
Panel B: sector factors 
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Basic Industries 1.40 54.37% 1.23 47.99% 
Cyclical Consumer Good 1.52 95.41% 0.46 28.64% 
Cyclical Services 1.04 74.09% 0.25 18.05% 
General Industries 1.91 113.53% 0.09 5.28% 
Information Technology 10.56 75.77% 1.16 8.32% 
Non-cyclical Consumer 1.50 94.54% 0.06 3.65% 
Non-cyclical Services 4.43 106.66% 0.66 15.90% 
Resources 25.07 98.56% 1.88 7.40% 
Financials 4.25 108.81% 0.26 6.54% 
Utilities 16.53 131.34% 1.82 14.43% 
Cross-sector average 6.82 95.31% 0.79 15.62% 
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Appendix 3.C: Time Period: OECD, 80%, 

Level-3, 1990-1994, WLS: #shares, restric-

tions weights: #shares; equally weighted in-

dex returns 
Panel A: country factors* 
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Australia 24.38 88.36% 1.02 3.69% 
Germany 12.48 95.59% 0.71 5.46% 
Belgium 25.54 113.94% 1.24 5.51% 
Canada 80.03 85.74% 1.48 1.58% 
Denmark 28.71 97.59% 0.87 2.95% 
France 382.58 117.52% 2.85 0.87% 
Ireland 101.02 101.96% 0.21 0.21% 
Italy 19.77 103.19% 0.12 0.64% 
Japan 285.75 88.66% 4.34 1.35% 
Netherlands 182.37 99.43% 3.15 1.72% 
Norway 51.76 102.42% 0.94 1.86% 
Austria 40.37 95.55% 0.41 0.97% 
Sweden 15.26 102.19% 0.06 0.41% 
Switzerland 43.01 101.20% 1.30 3.06% 
U.K. 47.41 99.78% 2.01 4.24% 
U.S. 96.10 89.04% 1.60 1.48% 
Cross-country average 74.19 97.98% 1.23 2.45% 
* Spain, Finland, Greece, New-Zealand and Portugal suffered from data gaps during the eighties. 
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Basic Industries 32.10 85.81% 2.12 5.65% 
Cyclical Consumer Good 6.78 81.48% 0.59 7.07% 
Cyclical Services 38.35 93.84% 0.33 0.82% 
General Industries 22.05 104.37% 0.33 1.55% 
Information Technology 93.94 99.56% 1.14 1.20% 
Non-cyclical Consumer 11.91 98.72% 0.25 2.04% 
Non-cyclical Services 15.20 102.16% 0.60 4.04% 
Resources 15.18 45.09% 8.08 24.00% 
Financials 7.60 98.37% 0.45 5.83% 
Utilities 13.92 158.47% 2.84 32.31% 
Cross-sector average 25.70 96.79% 1.67 8.45% 
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Appendix 3.D: Time Period: OECD, 80%, 

Level-3, 1995-1999, WLS: #shares, restric-

tions weights: #shares; equally weighted in-

dex returns 
Panel A: country factors* 
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Australia 22.20 86.31% 1.08 4.21% 
Germany 11.15 113.10% 1.01 10.24% 
Belgium 12.61 117.69% 0.65 6.07% 
Canada 34.12 80.54% 1.73 4.08% 
Denmark 16.13 94.43% 0.32 1.85% 
France 166.44 122.68% 2.20 1.62% 
Ireland 30.82 99.69% 0.50 1.63% 
Italy 16.18 102.28% 0.07 0.46% 
Japan 186.36 92.52% 1.43 0.71% 
Netherlands 112.82 96.42% 1.79 1.53% 
Norway 31.25 96.38% 0.71 2.20% 
Austria 62.08 91.76% 0.50 0.75% 
Sweden 11.87 106.10% 0.24 2.13% 
Switzerland 40.96 95.45% 0.52 1.21% 
U.K. 51.61 95.20% 2.85 5.25% 
U.S. 38.94 91.72% 1.22 2.87% 
Cross-country average 44.03 98.40% 0.95 3.13% 
* Spain, Finland, Greece, New-Zealand and Portugal suffered from data gaps during the eighties. 
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Basic Industries 14.36 68.41% 2.59 12.33% 
Cyclical Consumer Good 5.03 76.59% 0.65 9.95% 
Cyclical Services 11.55 93.40% 0.19 1.55% 
General Industries 9.64 92.13% 0.52 5.01% 
Information Technology 85.54 93.67% 1.19 1.30% 
Non-cyclical Consumer 8.96 98.22% 0.13 1.42% 
Non-cyclical Services 23.19 97.80% 0.38 1.62% 
Resources 26.35 69.65% 4.82 12.73% 
Financials 3.55 87.36% 0.31 7.74% 
Utilities 20.94 143.16% 1.63 11.13% 
Cross-sector average 20.91 92.04% 1.24 6.48% 
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Appendix 3.E: Country Coverage: G7, 80%, 

Level-3, 1990-1999, WLS: #shares, restric-

tions weights: #shares; equally weighted in-

dex returns 
Panel A: country factors 
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Germany 18.09 93.90% 0.18 0.94% 
Canada 14.96 92.91% 1.72 10.67% 
France 16.75 97.95% 0.04 0.22% 
Italy 39.29 104.35% 1.12 2.96% 
Japan 46.54 99.45% 0.16 0.34% 
U.K. 13.44 102.22% 0.05 0.40% 
U.S. 8.78 98.16% 0.04 0.42% 
Cross-country average 22.55 98.42% 0.47 2.28% 

 
Panel B: sector factors 
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Basic Industries 2.19 33.02% 3.26 49.14% 
Cyclical Consumer Good 2.18 79.55% 0.83 30.12% 
Cyclical Services 1.10 98.71% 0.22 19.67% 
General Industries 1.33 82.46% 0.57 35.12% 
Information Technology 17.69 82.19% 1.20 5.57% 
Non-cyclical Consumer 3.95 90.91% 0.24 5.44% 
Non-cyclical Services 4.75 90.69% 0.70 13.29% 
Resources 26.64 100.19% 4.10 15.40% 
Financials 7.37 95.89% 0.38 4.89% 
Utilities 18.83 105.63% 1.62 9.09% 
Cross-sector average 8.60 85.92% 1.31 18.77% 
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Appendix 3.F: Country Coverage: ALL, 80%, 

Level-3, 1992-1999, WLS: #shares, restric-

tions weights: #shares; equally weighted in-

dex returns 
Panel A: country factors 

( )var ω = 13.15 ( )var κ  
( )

( )
var

var kCR
κ

ω−
 

( )
,

1

var
I N

i k
i

ki

n
N

ι
=

⎛ ⎞⎟⎜ ⎟⎜ ⎟⎜ ⎟⎟⎜⎝ ⎠
∑  

( )

( )

,

1

var

var

I N
i k

i
ki

k

n
N

CR

ι

ω
=

⎛ ⎞⎟⎜ ⎟⎜ ⎟⎜ ⎟⎟⎜⎝ ⎠
−

∑
 

Argentina 116.21 101.46% 1.10 0.96% 
Australia 16.21 100.20% 0.58 3.56% 
Germany 13.66 92.83% 0.18 1.24% 
Belgium 11.52 91.24% 0.12 0.97% 
Brazil 201.72 100.94% 0.94 0.47% 
Colombia 85.39 98.16% 1.22 1.40% 
China 299.30 99.24% 0.18 0.06% 
Chili 53.00 102.80% 1.02 1.98% 
Canada 12.33 86.71% 1.53 10.77% 
Denmark 12.45 92.17% 0.27 1.98% 
Spain 22.88 94.68% 1.08 4.48% 
Finland 41.26 98.30% 0.13 0.30% 
France 14.82 98.28% 0.04 0.24% 
Greece 125.54 100.60% 0.28 0.23% 
Hong Kong 75.34 102.60% 1.01 1.38% 
Indonesia 127.51 98.64% 0.61 0.47% 
India 133.43 99.63% 0.14 0.11% 
Ireland 16.13 96.22% 0.48 2.84% 
Italy 43.75 104.44% 1.18 2.82% 
Japan 45.18 99.48% 0.12 0.26% 
Korea 137.11 100.52% 0.10 0.07% 
Luxemburg 13.96 99.80% 2.24 16.02% 
Mexico 78.83 100.94% 0.17 0.22% 
Malaysia 151.44 100.69% 0.33 0.22% 
Netherlands 14.08 107.69% 0.17 1.33% 
Norway 30.50 96.64% 0.25 0.79% 
New Zealand 29.75 97.69% 0.55 1.82% 
Austria 16.31 90.62% 0.28 1.57% 
Peru 155.73 104.81% 4.79 3.23% 
Philippines 107.26 110.88% 3.38 3.49% 
Portugal 25.79 97.21% 0.54 2.05% 
South Africa 36.46 102.15% 1.06 2.97% 
Sweden 32.24 97.91% 0.17 0.53% 
Singapore 47.66 102.98% 0.10 0.23% 
Switzerland 12.50 90.38% 0.31 2.26% 
Taiwan 71.60 108.40% 2.11 3.20% 
Thailand 72.79 100.71% 0.26 0.35% 
U.K. 13.52 103.20% 0.05 0.41% 
U.S. 6.94 94.45% 0.07 1.02% 
Cross-country average 64.67 99.14% 0.75 2.01% 
*Brazil, Colombia, China, India, Peru and Luxemburg have data gaps in 1990-03/1992: we shift from 1990-1999 to 
03/1992-1999. Korea and Mexico are here non-OECD: they entered OECD after 1990  (Korea: 12 Dec 1996, Mexico: 
18 May 1994). 
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Panel B: sector-factors 
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Basic Industries 1.84 49.02% 1.44 0.38% 
Cyclical Consumer Good 2.16 67.57% 0.78 0.24% 
Cyclical Services 1.25 101.54% 0.36 0.29% 
General Industries 1.35 88.60% 0.40 0.26% 
Information Technology 21.14 90.01% 1.04 0.04% 
Non-cyclical Consumer 3.46 88.64% 0.17 0.04% 
Non-cyclical Services 4.80 82.39% 0.64 0.11% 
Resources 25.06 98.00% 2.40 0.09% 
Financials 7.91 104.31% 0.24 0.03% 
Utilities 16.38 100.98% 0.69 0.04% 
Cross-sector average 8.53 87.10% 0.82 0.15% 

 



130 Chapter 3: Country and Sector Effects in International Stock Returns 

 

Appendix 3.G: Sector Classification: OECD, 

80%, Level-4, 1990-1999, WLS: #shares, re-

strictions weights: #shares; equally weighted 

index returns 
Panel A: country factors 
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Australia 19.31 102.29% 1.32 7.00% 
Germany 17.56 94.45% 0.29 1.55% 
Belgium 12.86 92.02% 0.27 1.93% 
Canada 12.76 84.78% 2.13 14.14% 
Denmark 13.13 92.62% 0.51 3.58% 
Spain 19.33 96.44% 1.69 8.44% 
Finland 42.20 99.65% 0.16 0.39% 
France 15.50 97.08% 0.06 0.37% 
Greece 174.66 102.09% 0.71 0.42% 
Ireland 17.81 102.14% 0.53 3.03% 
Italy 37.02 105.87% 1.16 3.33% 
Japan 48.41 99.30% 0.24 0.49% 
Netherlands 15.53 101.28% 0.15 0.99% 
Norway 31.36 92.56% 0.73 2.15% 
New Zealand 28.32 96.24% 0.80 2.73% 
Austria 28.07 90.22% 0.74 2.37% 
Portugal 24.59 96.55% 1.07 4.21% 
Sweden 31.65 96.95% 0.20 0.60% 
Switzerland 11.92 93.99% 0.44 3.43% 
U.K. 12.73 104.29% 0.09 0.70% 
U.S. 9.02 96.16% 0.08 0.89% 
Cross-country average 29.70 97.00% 0.64 2.99% 
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Panel B: sector factors 
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aerospace & defense 5.96 72.70% 1.89 23.00% 
automobile & parts 3.24 68.41% 2.32 49.11% 
banks 11.08 104.86% 0.57 5.39% 
beverages 4.06 62.252% 1.92 29.45% 
chemicals 2.47 35.00% 2.97 42.11% 
construction & materials 4.75 57.77% 2.86 34.74% 
diversified sector 4.00 74.08% 1.22 22.59% 
electricity 20.67 103.56% 1.05 5.27% 
electronics & electrics 5.05 96.75% 1.15 22.11% 
engineering & machinery 1.82 61.09% 0.94 31.60% 
food & drug retailers 4.59 84.10% 0.55 10.06% 
food producers 3.47 77.51% 0.89 19.97% 
forestry & paper 4.93 96.37% 0.45 8.72% 
household good & textile 2.35 96.98% 0.27 11.22% 
healthcare 8.06 58.75% 4.19 30.53% 
i/t hardware 20.18 85.40% 0.88 3.73% 
insurance 8.02 88.00% 1.16 12.73% 
leisure & hotels 3.59 98.42% 0.35 9.49% 
life assurance 10.28 78.45% 2.99 22.81% 
media & entertainment 4.03 86.56% 0.85 18.26% 
mining 45.25 89.00% 5.11 10.05% 
oil and gas 33.41 105.65% 2.78 8.80% 
personal care and house 6.48 97.38% 0.39 5.83% 
pharma & biotech 20.32 92.82% 0.55 2.52% 
real estate 4.32 73.39% 0.90 15.32% 
general retailers 7.59 98.09% 0.16 2.01% 
software & services 20.48 81.52% 1.93 7.70% 
specialty & other finance 6.48 97.95% 0.30 4.49% 
steel & other metals 4.32 54.98% 2.58 32.80% 
support services 2.24 65.85% 1.49 43.82% 
telecom services 13.30 79.42% 3.40 20.28% 
tobacco 39.70 99.32% 3.58 8.96% 
transport 2.78 77.62% 0.73 20.40% 
other utilities 16.44 110.47% 1.65 11.07% 
Cross-sector average 10.46 82.66% 1.62 17.85% 
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Appendix 3.H: Size Coverage: OECD, 100%, 

Level-3, 1990-1999, WLS: #shares, restric-

tions weights: #shares; equally weighted in-

dex returns 
Panel A: country factors 
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Australia 18.68 100.40% 0.77 4.12% 
Germany 15.82 95.40% 0.12 0.74% 
Belgium 11.66 91.95% 0.15 1.20% 
Canada 15.20 93.32% 1.62 9.98% 
Denmark 13.55 95.56% 0.34 2.37% 
Spain 21.47 96.97% 0.86 3.88% 
Finland 40.38 99.38% 0.14 0.35% 
France 14.76 97.99% 0.04 0.26% 
Greece 157.86 101.30% 0.31 0.20% 
Ireland 14.45 99.39% 0.39 2.69% 
Italy 36.03 104.26% 0.91 2.64% 
Japan 48.64 99.31% 0.14 0.28% 
Netherlands 14.36 104.97% 0.12 0.90% 
Norway 32.17 95.70% 0.25 0.75% 
New Zealand 29.54 99.19% 0.48 1.60% 
Austria 24.52 93.68% 0.32 1.20% 
Portugal 23.38 98.25% 0.45 1.90% 
Sweden 28.76 96.99% 0.18 0.60% 
Switzerland 12.14 92.60% 0.26 1.98% 
U.K. 11.89 102.69% 0.04 0.38% 
U.S. 9.82 98.04% 0.05 0.46% 
Cross-country average 28.34 97.97% 0.38 1.83% 
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Basic Industries 2.00 37.66% 2.52 47.64% 
Cyclical Consumer Good 1.86 79.71% 0.78 33.79% 
Cyclical Services 1.01 98.85% 0.18 17.79% 
General Industries 1.24 81.29% 0.53 35.35% 
Information Technology 17.16 80.46% 1.33 6.25% 
Non-cyclical Consumer 3.62 90.00% 0.21 5.29% 
Non-cyclical Services 4.28 91.32% 0.36 7.76% 
Resources 24.28 99.76% 3.79 15.61% 
Financials 7.19 92.73% 0.50 6.57% 
Utilities 17.60 107.29% 1.42 8.66% 
Cross-sector average 8.02 85.91% 1.17 18.48% 
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Appendix 3.I: Value-Weighting: OECD, 80%, 

Level-3, 1990-1999, WLS: marketcaps, re-

strictions weights: marketcaps; value 

weighted index returns 
Panel A: country factors 
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Australia 24.93 102.62% 1.66 6.83% 
Germany 17.82 102.18% 0.56 3.22% 
Belgium 15.03 95.52% 0.99 6.30% 
Canada 16.83 100.77% 0.72 4.29% 
Denmark 21.19 111.48% 0.94 4.96% 
Spain 26.76 111.20% 1.78 7.42% 
Finland 56.53 87.76% 3.98 6.17% 
France 14.64 97.98% 0.28 1.86% 
Greece 149.58 103.60% 1.58 1.09% 
Ireland 21.30 107.30% 1.63 8.22% 
Italy 47.81 111.39% 1.62 3.77% 
Japan 29.67 103.90% 0.22 0.76% 
Netherlands 11.98 106.98% 1.84 16.40% 
Norway 38.97 99.32% 2.32 5.92% 
New Zealand 30.94 111.66% 1.80 6.51% 
Austria 28.08 97.51% 1.57 5.46% 
Portugal 34.51 115.22% 1.88 6.26% 
Sweden 21.08 93.58% 0.62 2.75% 
Switzerland 16.95 92.96% 1.78 9.74% 
U.K. 8.89 93.38% 0.58 6.13% 
U.S. 8.97 105.00% 0.24 2.86% 
Cross-country average 30.59 102.44% 1.36 5.57% 

 
Panel B: sector factors 
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Basic Industries 6.56 78.14% 1.33 15.82% 
Cyclical Consumer Good 6.41 110.45% 2.32 40.05% 
Cyclical Services 2.66 96.99% 0.23 8.44% 
General Industries 2.86 74.00% 0.77 19.87% 
Information Technology 22.24 101.04% 0.77 3.52% 
Non-cyclical Consumer 6.04 79.00% 1.64 21.49% 
Non-cyclical Services 7.79 92.35% 1.11 13.12% 
Resources 17.99 102.50% 3.66 20.87% 
Financials 7.59 103.76% 1.19 16.34% 
Utilities 12.91 106.99% 0.33 2.74% 
Cross-sector average 9.31 94.52% 1.34 16.23% 
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Appendix 3.J: OLS: OECD, 80%, Level-3, 

1990-1999, OLS, restrictions weights: #indi-

ces; equally weighted index returns 
Panel A: country factors 
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Australia 17.94 98.73% 0.04 0.20% 
Germany 8.31 99.91% 0.01 0.08% 
Belgium 8.77 100.54% 0.01 0.08% 
Canada 13.79 99.71% 0.01 0.05% 
Denmark 10.60 101.51% 0.07 0.67% 
Spain 21.76 100.94% 0.01 0.03% 
Finland 28.11 100.14% 0.01 0.04% 
France 7.79 100.54% 0.01 0.09% 
Greece 102.83 99.62% 0.06 0.06% 
Ireland 16.67 99.75% 0.11 0.64% 
Italy 31.26 100.40% 0.01 0.02% 
Japan 54.31 99.86% 0.01 0.01% 
Netherlands 6.09 99.52% 0.01 0.13% 
Norway 24.83 99.65% 0.01 0.03% 
New Zealand 26.66 97.74% 0.31 1.13% 
Austria 19.67 99.98% 0.01 0.05% 
Portugal 19.72 98.35% 0.08 0.41% 
Sweden 19.96 99.87% 0.01 0.05% 
Switzerland 6.91 100.28% 0.05 0.79% 
U.K. 7.77 99.28% 0.01 0.09% 
U.S. 14.99 99.97% 0.01 0.04% 
Cross-country average 22.32 99.82% 0.04 0.22% 

 
Panel B: sector factors 
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Basic Industries 1.81 90.02% 0.04 2.44% 
Cyclical Consumer Good 1.62 98.07% 0.03 1.90% 
Cyclical Services 0.71 97.25% 0.02 4.04% 
General Industries 1.03 91.15% 0.02 2.61% 
Information Technology 14.95 98.91% 0.12 0.85% 
Non-cyclical Consumer 1.52 106.46% 0.02 1.99% 
Non-cyclical Services 3.42 102.55% 0.05 1.54% 
Resources 6.67 96.57% 0.18 2.74% 
Financials 1.78 98.59% 0.02 1.61% 
Utilities 5.54 91.39% 0.33 5.54% 
Cross-sector average 3.90 97.10% 0.09 2.53% 
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Appendix 3.K: Re-estimated factors, expo-

sures and estimation corrected for error 
( )var ω̂  ( )ˆvar κ  ( )ˆvar ι  ( ) ( )var / varκ ι  

16.50 30.54 8.32 3.67* 

( )var ωβ  ( )var κγ  ( )var ιδ  ( ) ( )var / varκγ ιδ  

16.18 25.48 2.95 8.63* 

( )( )2
SE βΕ  ( )( )2SE γΕ  ( )( )2

SE δΕ   

0.07 0.06 0.11  

( )( )2 2cov ,SE β ω  ( )( )2 2cov ,SE γ κ  ( )( )2 2cov ,SE δ ι   

0.00 -0.76 -0.19  
( )2ωΕ  ( )2κΕ  ( )2ιΕ   
1.27 0.004 0.003  
( )var ωβ  ( )var κγ  ( )var ιδ  ( ) ( )var / varκγ ιδ  

14.85** 24.36** 2.23** 10.92* 
*column 2 / column 3. 
**row 2 - (row 3 * row 1) - (row 3 * row 5) - row 4. 
H0: γj=ιj for j=1…N has χ2=3353.08 and p-value=0.00. 
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Appendix 3.L: Variability and sector expo-

sure: small- and large-caps compared 
 average standard deviation  avg sector sensitivity t-statistics 
 small-caps large-caps  small-caps large-caps 
Argentina 15.18 14.98  0.88 2.43 
Australia 11.86 9.39  1.18 5.62 
Germany 12.26 11.80  1.63 5.29 
Belgium 8.30 9.78  1.76 4.45 
Brazil 18.51 24.58  0.37 2.24 
Colombia 10.93 11.75  -0.87 1.00 
China 14.32 14.13  -0.22 -0.08 
Chili 9.97 10.58  0.72 1.70 
Canada 15.64 12.54  1.50 8.07 
Denmark 7.20 10.15  0.12 3.68 
Spain 12.15 12.24  2.64 4.80 
Finland 14.25 14.14  1.26 4.10 
France 12.78 10.70  1.45 6.74 
Greece 24.90 23.52  0.15 -0.56 
Hong Kong 12.54 18.90  1.31 4.74 
Indonesia 14.12 13.04  0.26 1.50 
India 19.63 16.38  -0.09 -0.11 
Ireland 9.81 10.52  0.77 4.92 
Italy 12.08 10.66  2.70 4.42 
Japan 14.62 11.61  4.83 13.47 
Korea 19.39 21.19  1.40 3.57 
Luxemburg 8.05 8.30  0.58 2.64 
Mexico 10.22 12.66  0.47 3.97 
Malaysia 18.79 13.54  2.04 2.78 
Netherlands 10.74 10.50  1.94 7.51 
Norway 14.06 13.64  0.95 4.18 
New Zealand 8.36 10.91  0.92 2.91 
Austria 9.97 10.37  1.49 3.33 
Peru 13.53 23.01  0.88 0.85 
Philippines 13.43 12.66  1.30 3.60 
Portugal 14.23 10.47  0.33 3.46 
South Africa 12.35 12.65  1.35 4.93 
Sweden 12.73 10.68  1.54 4.80 
Singapore 10.14 11.80  1.67 4.63 
Switzerland 9.56 8.64  2.21 6.36 
Taiwan 12.69 15.57  0.78 2.83 
Thailand 13.40 14.69  1.23 2.25 
U.K. 11.89 11.03  3.48 10.00 
U.S. 15.74 14.30  4.85 15.89 
# high stdev 21 18 #significant 7 32 

Columns 2 and 3 show the average standard deviation for small- and large-caps, respectively; col-
umn 5 and 6 show the average t-statistics for sector exposure, again for small- and large-caps respec-
tively. 
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Appendix 3.M: The strength of the sector af-

filiation, small- vs. large-caps 
Coefficients and t-statistics of four analysis-of-variance regressions with right-side variables: 2 size, 39 
country and 34 sector dummies; and left-side variables: (1) stock standard deviations, (2a) sector exposure 
estimates, (2b) sector exposure t-statistics, and (2c) sector model R-squares. 

 (1) (2a) (2b) (2c) 
 coef t-stat coef t-stat coef t-stat coef t-stat 
Average 13.30 130.35 0.48 33.06 2.71 51.09 0.12 50.21 
Small-cap 0.57 11.89 -0.14 -11.40 -1.88 -42.31 -0.05 -23.15 
Large-cap -0.57 -11.89 0.14 11.40 1.88 42.31 0.05 23.15 
Argentina 3.02 3.85 0.38 3.83 -1.22 -3.37 -0.02 -1.17 
Australia -2.95 -7.47 0.09 1.68 0.60 2.93 0.05 5.18 
Germany -1.27 -5.33 -0.14 -2.61 0.77 4.01 -0.01 -1.69 
Belgium -4.02 -8.55 -0.07 -1.15 0.06 0.25 -0.03 -2.86 
Brazil 8.67 17.98 0.25 3.58 -1.59 -6.12 0.01 0.46 
Colombia -0.04 -0.03 -1.29 -9.33 -2.33 -4.59 -0.01 -0.55 
China 0.87 3.49 -0.60 -9.99 -2.98 -13.61 -0.11 -10.84 
Chili -1.95 -2.57 -0.13 -1.41 -1.22 -3.68 0.00 0.22 
Canada -0.49 -2.39 0.00 0.00 2.07 11.22 0.05 6.13 
Denmark -3.74 -8.34 -0.19 -2.70 -0.88 -3.50 -0.03 -2.35 
Spain 0.32 0.64 0.30 4.10 1.02 3.83 0.04 3.57 
Finland 0.24 0.44 0.30 4.35 -0.27 -1.09 0.03 2.76 
France -2.09 -9.37 -0.02 -0.48 1.34 7.26 0.00 -0.09 
Greece 10.82 25.32 -1.11 -15.41 -3.52 -13.33 -0.03 -2.70 
Hong Kong 2.81 4.65 0.03 0.29 0.46 1.44 0.02 1.45 
Indonesia 0.75 1.61 -0.34 -5.08 -1.90 -7.75 -0.02 -1.38 
India 4.47 15.15 -0.49 -8.33 -3.00 -13.81 -0.10 -10.05 
Ireland -3.65 -4.66 0.03 0.39 -0.02 -0.05 0.00 0.33 
Italy -1.16 -3.02 0.09 1.43 0.85 3.57 -0.03 -2.45 
Japan -0.21 -1.23 0.43 8.36 6.49 34.33 0.15 17.87 
Korea 7.04 30.45 0.38 6.72 -0.43 -2.08 -0.06 -6.64 
Luxemburg -4.24 -3.25 -0.06 -0.35 -1.65 -2.83 -0.01 -0.54 
Mexico -1.81 -2.72 0.13 1.52 -0.73 -2.38 0.01 0.59 
Malaysia 3.47 11.17 0.43 7.22 -0.61 -2.80 -0.03 -3.18 
Netherlands -3.16 -7.50 -0.01 -0.13 1.82 7.82 0.01 1.04 
Norway 0.32 0.79 0.08 1.31 -0.40 -1.66 0.01 1.21 
New Zealand -3.16 -4.44 0.32 3.75 -0.73 -2.33 0.00 0.07 
Austria -1.99 -3.41 -0.08 -0.91 -1.03 -3.36 -0.06 -4.25 
Peru 4.41 4.64 0.09 0.90 -1.99 -5.16 -0.07 -4.00 
Philippines -0.20 -0.19 0.70 6.20 -0.15 -0.37 0.04 2.16 
Portugal -0.45 -0.73 -0.10 -1.29 -0.72 -2.45 0.04 3.00 
South Africa -1.39 -3.55 0.10 1.59 0.28 1.18 -0.01 -1.07 
Sweden -2.66 -7.91 0.09 1.60 0.38 1.75 -0.02 -1.81 
Singapore -2.23 -4.21 0.09 1.30 0.28 1.05 0.02 1.39 
Switzerland -3.43 -8.71 -0.05 -0.81 1.58 7.03 0.06 5.74 
Taiwan -0.02 -0.06 -0.01 -0.08 -1.11 -4.46 -0.06 -5.71 
Thailand 0.73 2.03 -0.01 -0.08 -1.28 -5.35 -0.08 -7.18 
U.K. -2.31 -14.11 0.17 3.45 4.08 22.26 0.07 8.96 
U.S. 0.68 5.83 0.18 3.63 7.66 42.92 0.17 20.76 
aerospace & defense -1.00 -1.87 -0.27 -2.63 0.03 0.07 -0.01 -0.42 
automobile & parts -0.43 -1.67 -0.06 -0.90 0.38 1.66 0.00 0.22 
banks -3.85 -23.93 -0.05 -0.95 0.16 0.87 -0.03 -3.86 
beverages -2.89 -7.41 -0.06 -0.87 0.15 0.63 -0.03 -2.63 
chemicals -0.88 -4.20 0.23 4.04 1.13 5.49 0.02 1.73 
construction & materials -0.46 -2.46 0.02 0.44 0.93 5.06 0.00 -0.44 
diversified sector -1.18 -4.08 0.15 2.70 0.57 2.83 0.02 2.38 
electricity -3.78 -11.39 -0.28 -3.97 -1.37 -5.36 -0.05 -4.56 
electronics & electrics 1.49 8.16 0.18 3.14 0.91 4.41 0.02 1.69 
engineering & machinery -0.12 -0.67 0.02 0.31 1.17 5.72 0.02 2.37 
food & drug retailers -0.82 -2.21 -0.03 -0.43 -1.01 -3.84 -0.04 -3.35 
food producers -1.82 -8.64 0.05 0.90 0.53 2.80 -0.02 -2.45 
forestry & paper -1.64 -4.42 -0.01 -0.21 0.77 3.44 0.02 1.54 
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household good, textiles -0.22 -1.25 -0.15 -2.86 0.17 0.91 0.00 -0.23 
healthcare 1.58 5.97 -0.09 -1.26 -1.48 -5.82 -0.03 -2.81 
i/t hardware 5.65 23.19 0.05 0.72 -0.05 -0.19 0.01 0.54 
insurance -1.73 -5.74 0.21 3.42 0.17 0.72 0.03 2.71 
leisure & hotels 0.39 1.73 -0.14 -2.43 -0.95 -4.44 0.00 0.15 
life assurance -3.30 -6.58 0.06 0.55 -0.66 -1.73 -0.02 -1.30 
media & entertainment 1.37 6.12 0.21 3.52 0.22 0.99 0.02 2.27 
mining 3.49 13.29 -0.09 -1.35 1.43 5.83 0.05 4.16 
oil and gas 0.16 0.72 0.15 2.19 1.99 8.06 0.04 3.57 
personal care and house -0.64 -1.39 0.00 -0.04 -0.15 -0.51 0.02 1.24 
pharma & biotech 1.42 5.39 0.03 0.44 -0.43 -1.90 -0.02 -1.62 
real estate -1.05 -4.38 0.01 0.24 0.00 0.00 -0.02 -1.86 
general retailers 1.55 7.42 -0.10 -1.77 -0.60 -2.76 -0.04 -4.38 
software & services 10.34 57.22 0.04 0.62 -0.40 -1.83 0.05 5.46 
specialty & other finance 0.75 2.59 -0.26 -3.71 -1.08 -4.23 -0.02 -2.00 
steel & other metals -0.82 -2.92 0.07 1.31 0.39 1.86 0.03 3.67 
support services 1.48 7.03 0.13 2.00 0.27 1.11 0.02 2.24 
telecom services 4.49 16.32 0.23 4.07 -0.87 -4.18 0.03 3.40 
tobacco -2.70 -3.48 -0.17 -1.81 -1.05 -3.01 -0.02 -1.02 
transport -1.12 -4.75 -0.01 -0.26 -0.19 -0.99 -0.03 -3.05 
other utilities -3.72 -10.30 -0.05 -0.70 -1.07 -3.85 -0.01 -1.03 
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Appendix 3.N: Correlation between Heston-

Rouwenhorst and Fama-MacBeth factors 
Factors Correlations Factors Correlations 

Country factors World factor 
Australia 0.986 World 1.000 
Germany 0.997 Sector factors 
Belgium 0.991 Basic Industries 0.984 
Canada 0.991 Cyclical Consumer Goods 0.985 
Denmark 0.992 Cyclical Services 0.994 
Spain 0.988 General Industries 0.991 
Finland 0.997 Information Technology 0.999 
France 0.996 Non-cyclical Consumer 0.995 
Greece 0.997 Non-cyclical Services 0.994 
Ireland 0.988 Resources 0.994 
Italy 0.998 Financials 0.996 
Japan 1.000 Utilities 0.999 
Netherlands 0.992   
Norway 0.997 Average 0.994 
New Zealand 0.982   
Austria 0.994   
Portugal 0.991   
Sweden 0.996   
Switzerland 0.995   
U.K. 0.999   
U.S. 0.999   
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Appendix 3.O: Heston-Rouwenhorst vs. 

Fama-MacBeth factor variances 
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Chapter 4 

CAPM and Country and Sector 

Effects 

In Chapter 2 we tested—in the US and internationally—the traditional (international) CAPMs and 

proposed an alternative risk factor portfolio composition that can better explain the traditional 

anomalies such as size, book-to-market and momentum in the presence of small stocks. In Chap-

ter 3 we showed that country- and sector-specific effects are important in explaining the volatility 

of country- and sector-index returns. In this Chapter 4 we show—in the US and internationally—

that the traditional and alternative (international) CAPMs are not able to explain the cross-section 

of geographical and sectoral sorted test portfolios, in stead of the size-, distress- or momentum-

based sorts adopted in Chapter 2. This underlines the importance of country- and sector-specific 

effects in international asset pricing and invokes further research in this area. We also adopt a new 

methodology, proposed by Geert Dhaene, to fairly compare CAPMs in their ability to price tradi-

tional unmanaged portfolios—both on US and international data—by taking into account the dif-

ference in power between CAPMs. Evaluating the standard four- and alternative six-factor (inter-

national) CAPM on equal footing, we show that the superiority of the alternative six-factor (inter-

national) model (see Chapter 2) is largely due to lower power, even to such an extent that the 

difference in performance—getting the alphas right—between both models becomes puny, except 

for the size anomaly. 

4.1 CAPM Fails to Explain Country and Sec-

tor Indices 
Recall that the standard one-factor CAPM is: 

 ( )1 , , 1 , 1
US US

t f t m t f t tR r R rα β ε+ + +− = + − + . (4.1) 

The standard four-factor model is: 

 ( )i f i i m f i i i iR r R r SMB HML WMLα β γ δ φ ε− = + − + + + + , (4.2) 
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with factor portfolios like in Fama and French (1993, 1995, 1996a, 1996b), Carhart (1997), 

Jegadeesh and Titman (1993) and Rouwenhorst (1999a). More specifically, SMB (small minus 

big) is the size factor portfolio, viz. a zero-investment portfolio that is long the 50% smallest 

stocks and short the 50% largest stocks; HML (high minus low) is the distress factor portfolio, a 

zero-investment portfolio that is long the 30% highest B/M stocks and short the 30% lowest B/M 

stocks; and WML (winner minus loser) is the momentum factor portfolio, a zero-investment port-

folio that is long the 30% top past-performers (winners) and short the 30% lowest past-performers 

(losers). All portfolios are equally weighted and updated monthly. 

The alternative six-factor model uses the same factor portfolios (size, distress and momentum) 

but is composed differently: 

 
 

( )

.

i f i i m f i i i

i i i

R r R r mSMB rSMB eHML

rHML WML

α β γ δ φ

ϕ θ ε

− = + − + + +

+ + +
 (4.3) 

mSMB denotes the micro-stock risk factor, defined as the return on a zero-investment portfolio 

that is long the first decile and short deciles 2 to 10; rSMB denotes the regular size risk factor, 

defined as a zero-investment portfolio that is long in stocks from deciles 2 and 3 and short stocks 

from deciles 6 to 9; eHML reflects extreme risk, the return on a zero-investment portfolio that is 

long the highest B/M-decile stocks (i.e. hi-distress firms in decile ten) and short all other B/M 

deciles; rHML reflects the regular distress risk, measured as the return on a zero-investment port-

folio that is long the value stocks in B/M deciles 8 to 10 and short the growth stocks B/M deciles 

1 and 2; and WML is composed as the difference between returns from the 10% winners and the 

20% losers. 

The Solnik-Sercu model is a static international CAPM featuring the world market-portfolio re-

turn and the excess returns from investing in each non-USD currency. It has no state variables, so 

an obvious extension will be to add the standard SMB, HML and Momentum factors. Including all 

39 currencies is not recommendable as the power of the alpha tests will drop dramatically, but 

apart from this consideration there are no clear guidelines or standard practices. Jorion (1990) 

proposes to use a fixed trade-weighted basket of currencies, but this assumes that all stocks have a 

vector of currency exposures that is proportional to the trade weights—a restriction which Rees 

and Unni (1999) reject empirically. We adopt a compromise. Specifically, we include in every 

regression the individual currencies of seven countries (C7), taking at least one currency per con-

tinent and looking, per continent, at economic weight and number of stocks in our database. This 

“C7” list contains the Canadian Dollar, British Pound and Deutsche Mark, Japanese Yen and 

Korean Won, Australian Dollar and South African Rand. All stocks are allowed to be exposed, 

without any prior restrictions, to each of these C7 currencies. On top of that, non-C7 stocks are 

assumed to have a common exposure to their own exchange rate (Adler and Dumas, 1984). Since 

the regressand variables are portfolio returns, this last assumption means that for each such test 
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portfolio a basket of currency deposits is created which gives to each non-C7 currency the same 

weight as the stocks from that country have in the particular test portfolio. Thus, if a portfolio 

contains n1 stocks from non-C7 currency 1 and n2 stocks from non-C7 currency 2, then the basket 

consists of n1/(n1+n2) invested in currency 1 and n2/(n1+n2) invested in currency 2. The standard 

InCapm reads like 

 
( )1 , , 1 , 1 1 1

7

, , 1 , 1 1
1

,

US US
t f t i i m t f t i t i t i ti

i k k t i i t t
k

R r R r SMB HML WML

XF CXF

α β γ δ φ

ψ ζ ε

+ + + + +

+ + +
=

⎡ ⎤− = + − + + +⎣ ⎦

+ + +∑
 (4.4) 

 and  with 1*
1 1 , , 1

t tUS
t t f t f t t

t

S S
XF s r r s

S
+

+ + +
−

= + − = , (4.5) 

where the right-side factor portfolios (SMB, HML and WML) are like in the standard four-factor 

model. Subscript i stands for the i-th left-side test portfolio, subscript k denotes the k-th exchange 

factor portfolio and CXFi refers to the compound non-C7 exchange factor portfolio tailored for 

the i-th test portfolio. S denotes the going spot exchange rate (USD per foreign currency) and r*
f,t 

the foreign risk-free interest rate. 

The alternative InCapm is the standard InCapm but with size, distress and momentum risk factors 

like in the alternative six-factor model: 

 
( )

 

1 , , 1 , 1 1 1

7

1 1 , , 1 , 1 1
1

.

US US
t f t i i m t f t i t i t i ti

i t i t i k k t i i t t
k

R r R r mSMB rSMB eHML

rHML WML XF CXF

α β γ δ φ

ϕ θ ψ ζ ε

+ + + + +

+ + + + +
=

⎡ ⎤− = + − + + +⎣ ⎦

+ + + + +∑
 (4.6) 

4.1.1 US study: sector-sorted portfolios 

In this section we demonstrate that in the US both the standard four-factor model and the alterna-

tive six-factor model cannot explain the cross-section of 34 unmanaged sector-sorted portfolios. 

The companies are classified according the Level-4 Datastream Sector Classification. 

From Table 4.1, we see that the alphas of the Software & Services and Pharma & Biotech sectors 

are significantly positive for both CAPMs whereas the Real Estate sector is consistently negative 

and significant. We find that the alternative model produces fewer significant alphas than the 

standard four-factor model, 5 as opposed to 13. However, the Wald test still largely rejects the 

null hypothesis of zero alphas for both CAPMs. We conclude that both CAPMs are unable to 

explain the cross-section of US sector indices. Stated differently, sector-specific effects seem to 

be significantly important in US asset pricing. True, the number of rejections goes down from 13 

to 5 when the modified version is adopted, but even that positive result will be shown to be 

largely a matter of statistical power, not economic reality. But first we consider the international 

evidence. 
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Table 4.1: four-factor model vs. alternative model: alpha-t-statistics for sector portfolios 

 Standard 
four-factor 

Alternative 
six-factor  Standard 

four-factor 
Alternative 
six-factor 

aerosp. & def. -0.21 (-0.83) -0.03 (-0.08) leisure & hotels -0.45 (-1.78) -0.17 (-0.45) 
autom. & parts -0.27 (-1.10) -0.11 (-0.29) life assurance -0.63 (-2.46) -0.25 (-0.68) 
banks -0.80 (-3.85) -0.34 (-1.13) media & entert. 0.49  (2.22) 0.38  (1.19) 
beverages -0.37 (-1.34) -0.08 (-0.21) mining -0.28 (-0.46) 0.38  (0.44) 
chemicals -0.06 (-0.25) 0.22  (0.68) oil & gas -0.73 (-1.45) 0.21  (0.30) 
constr. mats. -0.67 (-2.67) -0.26 (-0.68) prsnl care & hse -0.05 (-0.20) 0.57  (1.75) 
divers. sector 0.21  (0.90) 0.62  (1.72) pharmc & biotch 1.27  (3.76) 1.26  (2.52) 
electricity -0.40 (-1.65) -0.19 (-0.59) real estate -1.09 (-5.00) -0.71 (-2.22) 
electro & electic 0.62  (2.41) 0.52  (1.26) retailer (general) 0.00  (0.01) 0.17  (0.35) 
engin. & machin. -0.17 (-0.82) 0.01  (0.04) softwr & services 1.51  (5.04) 1.16  (2.56) 
food & drug ret. -0.32 (-1.24) 0.37  (1.02) specialty & finan -0.74 (-2.60) -0.61 (-1.49) 
food producers -0.06 (-0.31) 0.60  (2.39) steel& oth.metal -0.54 (-1.71) -0.50 (-1.08) 
forestry & paper -0.30 (-0.94) -0.37 (-0.80) support services 0.35  (1.61) 0.74  (2.11) 
hshld gd & textil -0.19 (-0.78) 0.32  (0.86) telecom services 0.94  (3.16) 0.69  (1.61) 
healthcare 0.54  (1.99) 0.81  (1.96) tobacco 0.95  (1.40) 1.26  (1.34) 
i/t hardware 1.45  (4.11) 0.81  (1.52) transport -0.35 (-1.44) 0.08  (0.23) 
insurance -0.67 (-2.90) -0.21 (-0.66) other utilities -0.24 (-1.21) 0.27  (1.00) 
   # Sig 13 5 
   Adj R2 64.89 61.94 
   χ2-test 0.00(176.83) 0.01(58.69) 

Boldface signals significance at a 5% level using SUR standard error taking into account cross-equation cor-
relation and intertemporal heteroscedasticity; # Sig is the number of significant alphas; Adj R2 is the average 
adjusted R-squared; and χ2-test is the p-value of the Wald test (H0: all alphas equal to zero). 

 

4.1.2 International study: sector and country sorted-

portfolios 

In this section, we try to price unmanaged international sector and country portfolios. We still 

follow the Level-4 Datastream Sector Classification which contains 34 meaningful sectors. From 

Table 4.1 and Table 4.2, we see that the significantly positive US alphas of the Software & Ser-

vice and Pharma & Biotech sectors (Table 4.1) disappear in an international setting (Table 4.2, 

except for the basic one-factor CAPM), but there is no sector consistently significant for all five 

models. We find that the alternative international CAPM seems to be the best model to price un-

managed international sector portfolios, with two significant alphas against 15, 3, 7 and 5 for the 

three standard models and the alternative six-factor CAPM without exchange risk factors. How-

ever, the Wald test largely rejects the null hypothesis of zero alphas for each of the five CAPMs. 

We conclude that all five CAPMs fail to explain the cross-section of international sector indices 

or that sector-specific effects seem to important in international asset pricing. 

We also try to price 39 unmanaged country portfolios. In Table 4.3, interestingly, according to the 

standard four-factor and standard international model, the US market’s performance was not im-

pressive—to the contrary, in fact—while Japan’s was. Our proposed generalization of the interna-

tional model, in contrast, is agnostic about both. However, it is difficult to tell whether for the 

purpose of pricing unmanaged country portfolios the four-factor model or the alternative models 

are best: the latter are marginally beaten in terms of the number of rejections (2 against 4), but do 
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better in the sense that the χ2-statistics remain smaller. Also notice the relative good performance 

of the standard one-factor CAPM. Still, for all models the null hypothesis of zero alphas is largely 

rejected. This means that all five CAPMs fail to explain the cross-section of country indices or 

that country-specific effects are important in international asset pricing. 

We, generally, conclude that all CAPMs at our disposal are unable to explain the cross-section of 

country and sector returns. 

Table 4.2: Alpha estimates and t-statistics for 34 international sector-portfolios 

 Standard 
one-factor 

Standard 
four-factor 

Standard 
InCapm 

Alternative 
six-factor 

Alternative 
InCapm 

aerosp. & def. 0.14  (0.58) -0.53 (-2.32) -0.59 (-2.95) -0.01 (-0.04) -0.10 (-0.34) 
autom. & parts 0.18  (1.06) -0.02 (-0.12) -0.10 (-0.63) -0.01 (-0.03) -0.25 (-1.01) 
banks 0.37  (2.64) -0.04 (-0.26) -0.23 (-1.77) 0.03  (0.16) -0.29 (-1.61) 
beverages 0.37  (2.65) 0.19  (1.21) -0.06 (-0.59) 0.12  (0.52) -0.17 (-1.09) 
chemicals 0.20  (1.20) 0.22  (1.19) 0.04  (0.23) 0.33  (1.19) -0.14 (-0.61) 
constr. mats. 0.16  (0.92) 0.10  (0.46) -0.08 (-0.46) -0.01 (-0.02) -0.33 (-1.36) 
divers. sector 0.24  (1.31) -0.22 (-1.54) -0.37 (-3.44) 0.29  (1.22) -0.37 (-2.17) 
electricity 0.45  (3.02) 0.41  (2.40) 0.23  (1.57) 0.55  (2.25) 0.21  (1.01) 
electro & electic 0.15  (0.73) -0.03 (-0.18) -0.09 (-0.49) 0.03  (0.10) -0.19 (-0.65) 
engin. & machin. -0.02 (-0.14) -0.14 (-0.79) -0.21 (-1.34) -0.14 (-0.52) -0.43 (-1.79) 
food & drug ret. 0.34  (2.23) 0.21  (1.17) -0.09 (-0.63) 0.66  (2.79) 0.19  (0.89) 
food producers 0.41  (2.97) 0.31  (1.90) -0.01 (-0.05) 0.66  (3.00) 0.04  (0.21) 
forestry & paper 0.08  (0.42) -0.25 (-1.51) -0.35 (-2.22) -0.04 (-0.14) -0.29 (-1.24) 
hshld gd & textil 0.33  (1.89) 0.06  (0.35) -0.12 (-0.78) 0.18  (0.69) -0.13 (-0.55) 
healthcare 0.44  (1.44) -0.26 (-0.91) -0.26 (-0.99) 0.22  (0.55) 0.23  (0.60) 
i/t hardware 0.63  (2.03) 0.19  (0.75) 0.05  (0.20) -0.12 (-0.27) -0.28 (-0.68) 
insurance 0.31  (2.02) -0.06 (-0.38) -0.24 (-1.78) 0.11  (0.45) -0.31 (-1.65) 
leisure & hotels 0.18  (0.92) -0.35 (-1.90) -0.50 (-3.21) -0.03 (-0.10) -0.42 (-1.75) 
life assurance 0.56  (2.82) 0.08  (0.33) -0.21 (-1.17) 0.48  (1.68) -0.01 (-0.03) 
media & entert. 0.73  (4.16) 0.26  (1.61) 0.06  (0.45) 0.32  (1.35) 0.00  (0.01) 
mining 0.07  (0.15) -0.23 (-0.44) -0.57 (-1.32) 0.09  (0.12) -0.46 (-0.71) 
oil and gas -0.23 (-0.69) -0.80 (-2.19) -0.99 (-3.28) 0.20  (0.39) -0.33 (-0.75) 
persnl care 0.47  (2.60) 0.08  (0.40) -0.18 (-1.10) 0.33  (1.25) -0.15 (-0.64) 
pharmc & biotch 0.70  (2.97) 0.38  (1.76) 0.18  (0.84) 0.39  (1.17) 0.00 (-0.01) 
real estate 0.06  (0.33) -0.22 (-1.13) -0.56 (-4.61) 0.14  (0.53) -0.64 (-3.53) 
retailer (general) 0.35  (1.85) -0.03 (-0.17) -0.17 (-0.95) -0.04 (-0.15) -0.30 (-1.11) 
softwr & services 0.58  (1.73) 0.15  (0.54) 0.08  (0.31) 0.12  (0.28) -0.08 (-0.18) 
specialty & finan 0.41  (1.98) -0.26 (-1.10) -0.30 (-1.47) -0.39 (-1.27) -0.58 (-1.93) 
steel & metal 0.02  (0.09) -0.23 (-1.11) -0.23 (-1.24) -0.26 (-0.78) -0.49 (-1.74) 
support services 0.33  (1.53) -0.21 (-1.07) -0.40 (-2.39) 0.13  (0.46) -0.17 (-0.66) 
telecom services 0.78  (3.14) 0.25  (1.04) 0.20  (0.98) 0.31  (0.90) -0.02 (-0.06) 
tobacco 1.01  (3.27) 0.36  (1.00) 0.19  (0.84) 0.95  (1.97) 0.09  (0.28) 
transport 0.14  (0.91) 0.03  (0.21) -0.12 (-0.84) 0.14  (0.55) -0.12 (-0.59) 
other utilities 0.38  (2.70) 0.19  (1.10) 0.08  (0.57) 0.45  (2.13) 0.23  (1.15) 
# Sig 15 3 7 5 2 
Adj R2 0.57 0.65 0.73 0.63 0.72 
χ2-test 0.00(106) 0.00(132) 0.00(131) 0.001(65.22) 0.002(63.56) 

Boldface signals significance at a 5% level using SUR standard error taking into account cross-equation 
correlation and intertemporal heteroscedasticity (except for both InCapms and the six-factor model 
where, due to singularities, no correction for intertemporal heteroscedasticity is made); # Sig is the 
number of significant alphas; Adj R2 is the average adjusted R-squared; and χ2-test is the p-value of the 
Wald test (H0: all alphas equal to zero). 
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Table 4.3: Alphas estimates and t-statistics for 39 country portfolios 

 Standard 
one-factor 

Standard 
four-factor 

Standard 
InCapm 

Alternative 
six-factor 

Alternative 
InCapm 

argentine 2.52  (1.43) 1.96  (0.94) 1.48  (0.75) 2.35  (0.73) 1.24  (0.46) 
australia 0.49  (1.25) -0.18 (-0.35) -0.33 (-1.07) 0.02  (0.03) -0.13 (-0.26) 
germany 0.06  (0.21) 0.02  (0.07) 0.12  (0.45) 0.17  (0.36) 0.17  (0.47) 
belgium 0.31  (1.06) 0.27  (0.83) 0.24  (0.80) 0.56  (1.31) 0.44  (1.06) 
brazil 1.74  (1.03) -0.10 (-0.05) -0.72 (-0.32) 0.74  (0.27) -0.46 (-0.15) 
colombia 0.05  (0.06) -0.82 (-0.87) -2.76 (-2.25) -0.31 (-0.18) -3.37 (-2.04) 
china 3.49  (2.29) 3.56  (1.79) 1.58  (0.80) 5.45  (2.30) 3.13  (1.21) 
chili 1.68  (2.39) 0.57  (0.75) 0.26  (0.36) 2.29  (2.04) 1.51  (1.45) 
canada -0.05 (-0.17) -0.76 (-2.37) -0.85 (-3.47) -0.22 (-0.51) -0.22 (-0.61) 
denmark 0.37  (1.22) 0.33  (1.00) 0.24  (0.74) 0.38  (0.76) 0.41  (0.91) 
spain 0.43  (0.95) -0.08 (-0.18) -0.22 (-0.43) 0.30  (0.41) 0.13  (0.23) 
finland 0.72  (1.47) 0.27  (0.45) 0.48  (0.91) -0.18 (-0.22) -0.40 (-0.52) 
france 0.36  (1.09) 0.04  (0.11) -0.03 (-0.10) 0.83  (1.52) 0.59  (1.26) 
greece 2.76  (2.77) 1.54  (1.27) 0.97  (0.84) 0.73  (0.40) -0.57 (-0.34) 
hong kong 0.95  (1.61) 0.16  (0.22) 0.52  (0.87) 1.46  (1.55) 2.25  (2.69) 
indonisia -0.09 (-0.10) -1.83 (-1.67) -2.16 (-2.55) -0.77 (-0.50) -1.10 (-0.98) 
india 1.93  (1.84) 0.80  (0.75) 0.04  (0.04) 4.13  (2.27) 2.92  (1.89) 
ireland 0.65  (2.07) 0.40  (1.09) 0.12  (0.33) 0.56  (1.20) 0.23  (0.49) 
italy 0.23  (0.58) -0.37 (-0.83) -0.67 (-1.55) 0.18  (0.26) -0.03  (0.00) 
japan -0.10 (-0.28) 1.11  (2.73) 1.06  (3.01) -0.14 (-0.26) -0.06 (-0.10) 
korea 0.40  (0.59) -0.76 (-0.82) -0.09 (-0.15) -2.71 (-2.70) -1.91 (-2.28) 
luxemburg 0.58  (1.55) 0.39  (0.91) 0.00  (0.00) 0.89  (1.42) 0.36  (0.70) 
mexico 1.54  (1.97) 1.21  (1.28) 0.65  (0.87) 0.92  (0.70) 0.70  (0.68) 
malaysia 0.61  (1.00) 0.67  (1.01) 1.18  (1.97) 2.27  (1.95) 2.22  (2.62) 
netherlands 0.29  (1.02) 0.00  (0.01) 0.00  (0.01) 0.63  (1.59) 0.48  (1.24) 
norway 0.36  (0.87) -0.11 (-0.22) -0.08 (-0.18) 0.21  (0.32) 0.31  (0.50) 
new zeeland 0.76  (1.34) 0.02  (0.04) -0.19 (-0.33) 0.62  (0.80) 0.15  (0.20) 
austria 0.24  (0.63) 0.17  (0.44) 0.22  (0.56) 0.40  (0.73) 0.41  (0.76) 
peru 1.44  (1.47) 0.77  (0.59) 2.00  (1.54) 2.16  (1.44) 3.20  (1.92) 
philipinnes 1.34  (1.73) 1.13  (1.29) 1.23  (1.56) 2.10  (1.41) 1.74  (1.52) 
portugal -0.14 (-0.31) -0.21 (-0.37) -0.42 (-0.82) 0.97  (1.34) 0.80  (1.16) 
south africa 0.32  (0.63) 0.20  (0.32) 0.51  (1.02) 0.60  (0.71) 1.42  (1.96) 
sweden 0.78  (1.95) 0.07  (0.15) 0.19  (0.45) 0.48  (0.76) 0.47  (0.77) 
singapore 0.23  (0.52) 0.00  (0.00) 0.21  (0.47) 0.37  (0.49) 0.33  (0.53) 
switzerland -0.11 (-0.44) -0.37 (-1.20) -0.40 (-1.83) 0.10  (0.23) 0.06  (0.21) 
taiwan 1.15  (1.05) 1.23  (0.98) 2.21  (2.04) 0.23  (0.13) 1.08  (0.69) 
thailand 0.38  (0.51) -0.03 (-0.04) 0.19  (0.28) 0.88  (0.84) 0.35  (0.37) 
uk 0.52  (1.93) -0.03 (-0.11) -0.16 (-0.64) 0.00  (0.01) -0.15 (-0.41) 
us 0.32  (1.17) -0.47 (-1.90) -0.49 (-2.48) -0.19 (-0.60) -0.27 (-0.87) 
# Sig 5 2 7 4 4 
Adj R2 0.19 0.23 0.33 0.23 0.33 
χ2-test 0.09(51.40) 0.001(70.80) 0.001(74.50) 0.006(64.65) 0.004(66.31) 

Boldface signals significance at a 5% level using SUR standard error taking into account cross-
equation correlation and intertemporal heteroscedasticity (except for both InCapms where, due to 
singularities, no correction for intertemporal heteroscedasticity is made); # Sig is the number of sig-
nificant alphas; Adj R2 is the average adjusted R-squared; and χ2-test is the p-value of the Wald test 
(H0: all alphas equal to zero). 

 

4.1.3 Interim conclusion 

We, generally, conclude that country- and sector-specific effects are important in (international) 

asset pricing; even to such an extent that all CAPMs at our disposal fail to explain the cross-

section of country and sector returns both in the US and internationally. This finding invokes 

further research in this area to adequately model the country- and sector-specific effects in inter-

national stock returns. 
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4.2 Different CAPMs: A Fair Game?67 
In Chapter 2 and 4, we compared different CAPMs with respect to their ability to price unman-

aged test portfolios sorted on size, distress and momentum (Chapter 2) and on countries and sec-

tors (Chapter 4). We found that the CAPM with an alternative risk factor composition—with two 

size and distress factors—appeared more appropriate than various standard CAPMs because the 

alternative model generated alphas closer to zero. However, the question remains whether the 

generated alphas are really closer to zero or just estimated with larger standard errors. In this sec-

tion we propose a new methodology to compare two non-nested multi-factor CAPMs in their 

ability to price unmanaged portfolios. If an alternative CAPM suffers from more multicollinearity 

or from a lower R2, the estimated alpha would receive a t-statistic closer to zero even if the esti-

mated and true alphas are unaffected. So a less precise model would look better, by t-standards. 

To correct for this, we re-evaluate the tests: the alpha estimate with the lowest standard error is re-

estimated by adding normal noise to the extent that its standard error is inflated to the level of its 

less accurate counterpart. In that way the p-values can be compared on equal footing. Next to the 

number of significant “comparable” alphas, we also propose a global chi-squared test statistic 

based on the re-estimated p-values to test the null hypothesis of zero alphas for each model. We 

show that the alpha estimators of the alternative model are less precise—standard errors are lar-

ger—even to such an extent that the superiority of the alternative six-factor model over the stan-

dard four-factor model in pricing unmanaged test portfolios (see Chapter 2), disappears, except 

for the size anomaly. 

4.2.1 Theoretical exposition 

Different multifactor CAPMs produce different estimates α̂  of α and different standard errors of 

α̂ . The significance of the α̂ ’s can only be compared across models if their standard errors are, 

in an appropriate sense, equalized. To illustrate this, assume two multifactor CAPMs, M1 and M2, 

with associated (true) alphas α1=α2≠0. Assume further that M2 is just M1 with an additional, in-

significant factor that is correlated with other factors already included in M1. Typically, then, we 

will have se 1ˆ( )α >se 2ˆ( )α , where se(.) denotes the standard error. As a consequence, M2 will more 

easily pass the test of H0: α=0 than will M1. 

                                                 
67 This paragraph is joint work with Prof. Dr. Geert Dhaene (KULeuven) who came up with the clever idea and methodology 
to compare CAPMs on equal footing by equalizing the alpha standard errors regarding inference on H0. 
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Let M1 and M2 be any two CAPMs, nested or non-nested, perhaps estimated using different data-

sets. Assume, without loss of generality, that se 1ˆ( )α >se 2ˆ( )α . To put M1 and M2 on equal footing 

regarding inference on H0, one may compare the asymptotic p-value of M2, 
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where X is N(0,1), to a modified asymptotic p-value of M1, 
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where Y is N(0,1) and independent of X. Intuitively, just like in M2 where se 2ˆ( )α went up due to 

e.g. an irrelevant additional regressor, the standard error of 1α̂  is inflated to se 2ˆ( )α  by adding the 

extra noise ( ) ( )2 2
2 1ˆ ˆY se seα α− , which will lower the power of the test of M1. 

Stated differently, the revised powers are 
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(4.9) and (4.10) are evaluated numerically. 

The above methodology provides a way to compare the alphas for different models for only one 

test portfolio at a time.68 We propose two practical ways to compare the models in their ability to 

price many unmanaged portfolios: (i) we can compare the number of significant alphas from the 

different models—the lower the better. This is however a crude cut-off rule that does not take into 

account the relative magnitude of the alphas. Alternatively, (ii) we can extract the test-statistics 

out of the p-values by the inverse cumulative standard normal distribution. The sum of squared 

test-statistics will be—under the null hypothesis of zero alphas—χ2-distributed with the number 

of degrees of freedom equal to the number of test portfolios.69  

                                                 
68 Note that—to simplify things—we assume normality in the estimated alphas instead of Student-T distributed alphas. This is 
not a serious problem as our aim is to compare p-values between different models and not evaluate the p-values themselves. 
Also, the number of degrees of freedom are high. 
69 Note that we implicitly assume independent alpha estimates in this Wald test—or a diagonal covariance matrix. Although a 
lot of the potential dependence is taken out of the alphas by the market factor and other risk factors this independence assump-
tion is not entirely realistic. Again this is not a serious problem as our aim is to compare models and not evaluate the model 
itself. 
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4.2.2 Empirical exposition: classic anomalies and country 

and sector effects 

4.2.2.1 US evidence 

From Table 4.4 and 4.5, we notice that se 2ˆ( )α  is always larger then se 1ˆ( )α . This means that the 

power or accuracy of the alternative alpha estimators is always lower than that of its four-factor 

counterpart. Or, according to (4.8) and (4.10), all four-factor alpha estimates will be inflated with 

extra normal noise to the level of se 2ˆ( )α . In light of the revised probabilities, the differences in 

the number of significant alphas of the four-factor model against the alternative model are, gener-

ally, reduced in Table 4.4 (classic anomalies) and even reversed in Table 4.5 (sector indices). This 

indicates that the alternative model superiority in pricing unmanaged portfolios is generally due to 

lower power.70 Except for the size anomaly, the differences in Wald statistics (or Wald-p-values) 

are drastically reduced and even reversed for the distress anomaly and sector indices. The clear 

superiority of the alternative model over the standard four-factor model in explaining classic 

anomalies and sector indices (Chapter 2), disappears if we take into account the differences in 

alpha standard errors and evaluate both models on equal footing with respect to inference on H0, 

except for the size anomaly. 

                                                 
70 Note that we do not compare original against new p-values but only original against original and new against new p-values; 
because the original and new p-values are calculated differently (normal against Student-T estimates and diagonal against 
non-diagonal covariance matrix). 
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Table 4.4: Comparing alphas for different multi-factor models: four-factor capm vs alterna-

tive capm: US results on classic anomalies 
”between brackets”: original results (Chapter 3) with no pairwise alpha standard 
error equalization; Student-T distribution for individual alpha estimates; and 
global χ2-test with non-diagonal covariance matrix accounting for White’s in-
tertemporal heteroskedasticity and contemporal correlation. 

 four-factor capm alternative capm 
 1α̂  1ˆ( )se α  p1 2α̂  2ˆ( )se α  p2 

1.32 0.13 0.00 0.22 0.26 0.40 
-0.29 0.15 0.37 0.19 0.28 0.51 
-0.32 0.17 0.34 0.32 0.28 0.26 
-0.29 0.19 0.42 0.22 0.34 0.52 
-0.11 0.20 0.54 0.17 0.34 0.62 
0.05 0.20 0.57 0.30 0.33 0.36 
0.17 0.20 0.51 0.38 0.31 0.22 
0.12 0.17 0.53 0.22 0.27 0.40 
0.01 0.14 0.58 0.11 0.22 0.62 

10 
size 
portfolios 

-0.03 0.07 0.55 0.05 0.12 0.70 
# significant α’s 1 vs 0 (1 vs 0) 
χ2-statistic 19.38 vs 6.51 (200 vs 5.07) 
χ2-p-value 0.04 vs 0.77 (0.00 vs 0.88) 
 four-factor capm alternative capm 
 1α̂  1ˆ( )se α  p1 2α̂  2ˆ( )se α  p2 

0.44 0.15 0.17 0.43 0.26 0.09 
0.44 0.16 0.21 0.44 0.28 0.11 
0.27 0.18 0.41 0.23 0.30 0.44 
0.10 0.18 0.55 0.29 0.30 0.33 

-0.10 0.19 0.56 0.39 0.29 0.18 
0.02 0.20 0.62 0.46 0.27 0.09 
0.09 0.16 0.54 0.39 0.25 0.11 
0.11 0.17 0.54 0.42 0.26 0.11 
0.24 0.16 0.40 0.49 0.26 0.06 

10 
distress 
portfolios 

0.80 0.17 0.01 0.39 0.25 0.12 
# significant α’s 1 vs 0 (3 vs 0) 
χ2-statistic 13.25 vs 22.61 (43.44 vs 11.83) 
χ2-p-value 0.21 vs 0.01 (0.00 vs 0.30) 
 four-factor capm alternative capm 
 1α̂  1ˆ( )se α  p1 2α̂  2ˆ( )se α  p2 

-0.24 0.22 0.48 -0.05 0.41 0.90 
-0.07 0.17 0.55 0.16 0.30 0.59 
0.16 0.15 0.49 0.23 0.27 0.39 

-0.04 0.16 0.57 0.18 0.26 0.50 
-0.05 0.16 0.57 0.36 0.26 0.17 
-0.17 0.16 0.47 0.26 0.24 0.28 
-0.35 0.16 0.21 0.15 0.23 0.52 
-0.33 0.16 0.26 0.17 0.24 0.49 
-0.20 0.16 0.44 0.00 0.26 0.98 

10 
momentum 
portfolios 

0.38 0.23 0.34 0.05 0.34 0.87 
# significant α’s 0 vs 0 (2 vs 0) 
χ2-statistic 6.84 vs 5.53 (39.59 vs 10.81) 
χ2-p-value 0.74 vs 0.85 (0.00 vs 0.37) 
 four-factor capm alternative capm 
 1α̂  1ˆ( )se α  p1 2α̂  2ˆ( )se α  p2 

0.70 0.22 0.12 -0.07 0.36 0.85 
0.58 0.23 0.19 -0.14 0.36 0.71 
0.57 0.19 0.15 0.30 0.31 0.33 
0.08 0.18 0.55 -0.08 0.32 0.80 
0.80 0.13 0.03 0.55 0.28 0.05 

-0.25 0.21 0.47 0.09 0.35 0.80 
-0.15 0.27 0.54 0.04 0.45 0.93 
-0.32 0.21 0.39 0.52 0.34 0.12 
-0.45 0.20 0.23 0.33 0.31 0.28 
-0.22 0.16 0.45 0.27 0.29 0.37 
0.07 0.25 0.58 -0.14 0.38 0.72 

25 
size-distress 
portfolios 

0.20 0.23 0.50 0.40 0.37 0.28 
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-0.25 0.24 0.48 0.39 0.36 0.28 
-0.22 0.21 0.47 0.33 0.31 0.29 
0.13 0.21 0.54 0.22 0.36 0.54 
0.47 0.25 0.28 0.28 0.37 0.45 
0.08 0.21 0.57 0.24 0.32 0.46 
0.02 0.22 0.62 0.39 0.30 0.19 

-0.02 0.18 0.59 0.29 0.27 0.28 
0.01 0.18 0.59 0.37 0.28 0.18 
0.37 0.11 0.08 0.36 0.17 0.03 

-0.17 0.13 0.44 0.00 0.21 1.00 
-0.33 0.14 0.19 0.00 0.21 0.99 
-0.20 0.12 0.38 -0.14 0.21 0.51 

 

0.16 0.19 0.48 0.11 0.22 0.60 
# significant α’s 1 vs 1 (7 vs 1) 
χ2-statistic 26.02 vs 24.47 (173 vs 53.70) 
χ2-p-value 0.41 vs 0.49 (0.00 vs 0.0007) 
 four-factor capm alternative capm 
 1α̂  1ˆ( )se α  p1 2α̂  2ˆ( )se α  p2 

0.10 0.19 0.54 -0.32 0.36 0.37 
0.06 0.19 0.56 0.05 0.31 0.88 

-0.11 0.20 0.54 0.04 0.32 0.90 
-0.07 0.21 0.56 0.15 0.37 0.68 
0.41 0.25 0.39 0.30 0.43 0.48 

-0.80 0.20 0.09 -0.22 0.37 0.55 
-0.35 0.17 0.33 0.01 0.30 0.98 
-0.26 0.21 0.44 0.29 0.33 0.37 
-0.29 0.21 0.40 0.54 0.31 0.08 
-0.06 0.22 0.56 0.24 0.37 0.51 
-0.33 0.25 0.43 -0.09 0.41 0.83 
-0.01 0.21 0.57 0.17 0.35 0.62 
-0.07 0.23 0.58 0.43 0.34 0.20 
-0.40 0.23 0.30 0.17 0.33 0.61 
0.33 0.23 0.41 0.32 0.36 0.37 
0.12 0.26 0.56 0.49 0.40 0.22 
0.33 0.19 0.34 0.39 0.30 0.19 

-0.12 0.19 0.55 0.34 0.28 0.22 
-0.25 0.19 0.40 0.23 0.26 0.38 
0.22 0.23 0.50 0.11 0.34 0.75 
0.54 0.27 0.26 0.93 0.40 0.02 
0.21 0.13 0.39 0.27 0.22 0.22 

-0.03 0.14 0.56 0.29 0.23 0.21 
-0.43 0.13 0.04 -0.05 0.18 0.79 

25 
size-momentum 
portfolios 

-0.23 0.19 0.39 -0.44 0.24 0.06 
# significant α’s 1 vs 1 (4 vs 1) 
χ2-statistic 20.45 vs 26.85 (160 vs 42.75) 
χ2-p-value 0.72 vs 0.36 (0.00 vs 0.02) 
 four-factor capm alternative capm 
 1α̂  1ˆ( )se α  p1 2α̂  2ˆ( )se α  p2 

-0.67 0.22 0.16 -0.45 0.37 0.22 
-0.25 0.27 0.50 -0.29 0.43 0.50 
-0.32 0.23 0.42 0.27 0.37 0.47 
0.01 0.21 0.56 0.46 0.37 0.22 
0.12 0.20 0.53 0.08 0.38 0.84 
0.43 0.20 0.21 0.33 0.28 0.24 
0.04 0.20 0.57 0.21 0.31 0.50 

-0.01 0.20 0.61 0.30 0.28 0.27 
0.01 0.18 0.58 0.22 0.28 0.43 

-0.10 0.15 0.52 -0.20 0.28 0.48 
-0.04 0.17 0.59 0.24 0.25 0.35 
0.00 0.19 0.59 0.37 0.29 0.20 

-0.21 0.22 0.47 0.45 0.29 0.12 
-0.14 0.16 0.50 0.31 0.24 0.19 
-0.05 0.18 0.55 0.10 0.33 0.77 
-0.01 0.16 0.61 0.17 0.22 0.44 
-0.18 0.17 0.47 0.21 0.26 0.42 
-0.68 0.19 0.04 -0.14 0.27 0.60 
-0.58 0.20 0.07 0.20 0.27 0.45 
-0.12 0.20 0.55 0.38 0.29 0.20 

25 
distress-momentum
portfolios100 
 

0.23 0.22 0.47 -0.14 0.32 0.66 
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0.06 0.21 0.56 -0.07 0.37 0.85 
-0.01 0.19 0.58 0.37 0.30 0.22 
-0.11 0.23 0.57 -0.05 0.33 0.89 

 

0.14 0.24 0.55 0.55 0.38 0.15 
# significant α’s 1 vs 0 (4 vs 0) 
χ2-statistic 19.30 vs 22.47 (106 vs 54.53) 
χ2-p-value 0.78 vs 0.61 (0.00 vs 0.001) 

 

Table 4.5: Comparing alphas for different multi-factor models: four-factor capm vs alterna-

tive capm: US results on sector effects 
”between brackets”: original results (Chapter 3) with no pairwise alpha stan-
dard error equalization; Student-T distribution for individual alpha estimates; 
and global χ2-test with non-diagonal covariance matrix accounting for White’s 
intertemporal heteroskedasticity and contemporal correlation 

 four-factor capm alternative capm 
 1α̂  1ˆ( )se α  p1 2α̂  2ˆ( )se α  p2 
aerosp. & def. -0.21 0.25 0.51 -0.03 0.38 0.94 
autom. & parts -0.27 0.25 0.46 -0.11 0.37 0.77 
banks -0.80 0.21 0.03 -0.34 0.30 0.26 
beverages -0.37 0.27 0.39 -0.08 0.39 0.84 
chemicals -0.06 0.22 0.59 0.22 0.32 0.50 
constr. mats. -0.67 0.25 0.15 -0.26 0.37 0.49 
divers. sector 0.21 0.24 0.50 0.62 0.36 0.09 
electricity -0.40 0.24 0.30 -0.19 0.33 0.55 
electro & electic 0.62 0.26 0.23 0.52 0.41 0.21 
engin. & machin. -0.17 0.21 0.52 0.01 0.34 0.97 
food & drug ret. -0.32 0.26 0.42 0.37 0.36 0.31 
food producers -0.06 0.18 0.60 0.60 0.25 0.02 
forestry & paper -0.30 0.32 0.49 -0.37 0.46 0.42 
hshld gd & textil -0.19 0.25 0.52 0.32 0.37 0.39 
healthcare 0.54 0.27 0.28 0.81 0.41 0.05 
i/t hardware 1.45 0.35 0.03 0.81 0.54 0.13 
insurance -0.67 0.23 0.09 -0.21 0.32 0.51 
leisure & hotels -0.45 0.25 0.32 -0.17 0.38 0.65 
life assurance -0.63 0.26 0.15 -0.25 0.37 0.50 
media & entert. 0.49 0.22 0.20 0.38 0.32 0.23 
mining -0.28 0.61 0.58 0.38 0.85 0.66 
oil and gas -0.73 0.51 0.36 0.21 0.70 0.77 
persnl care -0.05 0.23 0.60 0.57 0.33 0.08 
pharmc & biotch 1.27 0.34 0.04 1.26 0.50 0.01 
real estate -1.09 0.22 0.06 -0.71 0.32 0.03 
retailer (general) 0.00 0.33 0.60 0.17 0.48 0.73 
softwr & services 1.51 0.30 0.08 1.16 0.45 0.01 
specialty & finan -0.74 0.28 0.14 -0.61 0.41 0.14 
steel & metal -0.54 0.32 0.33 -0.50 0.47 0.28 
support services 0.35 0.22 0.37 0.74 0.35 0.03 
telecom services 0.94 0.30 0.07 0.69 0.43 0.11 
tobacco 0.95 0.68 0.37 1.26 0.94 0.18 
transport -0.35 0.24 0.38 0.08 0.35 0.82 
other utilities -0.24 0.20 0.42 0.27 0.27 0.32 
# significant α’s 3 vs 6 (13 vs 5) 
χ2-statistic 49.36 vs 58.70 (176.83 vs 58.69) 
χ2-p-value 0.04 vs 0.01 (0.00 vs 0.01) 

 

4.2.2.2 International evidence 

From Table 4.6, 4.7 and 4.8 we notice that also in an international setting se 2ˆ( )α  is always larger 

then se 1ˆ( )α . So, the precision of the alternative international alpha estimators is again always 

lower than that of its four-factor counterpart. Thus all international four-factor alpha estimates 
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need again to be inflated with extra normal noise so that its new se 1ˆ( )α  rises to the level of 

se 2ˆ( )α . The differences in the number of significant alphas of the four-factor model against the 

alternative model are, generally, reduced in Table 4.6 (classic anomalies) and even reversed in 

Table 4.7 (sector indices) and Table 4.8 (country indices). Thus, the alternative international 

CAPM superiority in pricing unmanaged classic portfolios (Chapter 2) and country and sector 

effects (Chapter 4) seems to be, generally, due to lower power. Except for the size anomaly, the 

differences in Wald statistics (or Wald-p-values) are also reduced dramatically and even reversed 

for the distress anomaly and the sector and country indices. We conclude that the clear superiority 

of the alternative international CAPM in explaining the cross-section of stock returns sorted on 

the classic anomalies: distress and momentum; and sectors and countries, disappears if we take 

into account differences in alpha standard errors. Only the size anomaly seems to be genuinely 

better fitted by the alternative InCAPM with an extra size risk factor. 
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Table 4.6: Comparing alphas for different multi-factor models four-factor international 

capm vs alternative international capm: international results on classic anomalies 
”between brackets”: original results with no pairwise alpha standard error equali-
zation; Student-T distribution for individual alpha estimates; and global χ2-test 
with non-diagonal covariance matrix accounting for White’s intertemporal het-
eroskedasticity and contemporal correlation. 

 four-factor 
international capm 

alternative 
international capm 

 1α̂  1ˆ( )se α  p1 2α̂  2ˆ( )se α  p2 
1.14 0.12 0.00 0.13 0.20 0.53 

-0.33 0.11 0.21 0.00 0.21 0.99 
-0.42 0.12 0.15 0.18 0.22 0.43 
-0.28 0.14 0.33 0.24 0.24 0.31 
-0.13 0.14 0.50 0.27 0.24 0.27 
-0.07 0.15 0.55 0.13 0.25 0.60 
0.09 0.14 0.54 0.18 0.23 0.43 
0.06 0.13 0.56 0.07 0.21 0.74 

-0.03 0.11 0.57 -0.02 0.18 0.93 

10 
size 
portfolios 

-0.05 0.07 0.53 0.07 0.10 0.47 
# significant α’s 1 vs 0 (4 vs 0) 
χ2-statistic 26.48 vs 4.97 (311 vs 13.81) 
χ2-p-value 0.00 vs 0.91 (0.00 vs 0.18) 

 four-factor 
international capm 

alternative 
international capm 

 1α̂  1ˆ( )se α  p1 2α̂  2ˆ( )se α  p2 
0.05 0.13 0.58 0.09 0.19 0.62 
0.32 0.12 0.22 0.38 0.21 0.07 
0.35 0.13 0.19 0.43 0.21 0.04 
0.27 0.16 0.33 0.31 0.24 0.18 
0.21 0.17 0.42 0.35 0.24 0.15 
0.13 0.16 0.51 0.27 0.22 0.22 

-0.08 0.14 0.56 0.07 0.20 0.72 
0.02 0.13 0.59 0.25 0.19 0.18 
0.07 0.12 0.54 0.19 0.19 0.33 

10 
distress 
portfolios 

0.65 0.14 0.01 0.27 0.20 0.18 
# significant α’s 1 vs 1 (3 vs 1) 
χ2-statistic 13.49 vs 17.51 (52.91 vs 19.31) 
χ2-p-value 0.20 vs 0.06 (0.00 vs 0.04) 

 four-factor 
international capm 

alternative 
international capm 

 1α̂  1ˆ( )se α  p1 2α̂  2ˆ( )se α  p2 
-0.43 0.15 0.23 -0.50 0.28 0.08 
-0.10 0.13 0.52 0.06 0.24 0.81 
-0.17 0.13 0.44 0.06 0.22 0.80 
-0.22 0.14 0.36 0.04 0.21 0.86 
-0.25 0.14 0.28 -0.02 0.20 0.91 
-0.26 0.14 0.25 -0.01 0.19 0.96 
-0.23 0.13 0.29 0.04 0.19 0.82 
-0.26 0.12 0.26 0.01 0.19 0.96 
-0.23 0.12 0.35 -0.03 0.21 0.89 

10 
momentum 
portfolios 

-0.21 0.15 0.43 -0.22 0.26 0.38 
# significant α’s 0 vs 0 (2 vs 0) 
χ2-statistic 9.66 vs 4.08 (25.22 vs 29.23) 
χ2-p-value 0.47 vs 0.94 (0.005 vs 0.001) 

 four-factor 
international capm 

alternative 
international capm 

 1α̂  1ˆ( )se α  p1 2α̂  2ˆ( )se α  p2 
0.24 0.14 0.37 0.21 0.24 0.39 
0.47 0.13 0.12 0.33 0.23 0.15 
0.27 0.14 0.34 0.22 0.24 0.36 
0.20 0.13 0.40 -0.06 0.21 0.77 
0.72 0.14 0.00 -0.12 0.20 0.55 

-0.26 0.14 0.35 0.40 0.24 0.10 
-0.36 0.14 0.23 0.23 0.24 0.34 

25 
size-distress 
portfolios 

-0.48 0.14 0.09 0.12 0.22 0.58 
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-0.40 0.13 0.15 0.19 0.22 0.38 
-0.23 0.15 0.38 0.14 0.23 0.53 
-0.09 0.16 0.55 0.02 0.26 0.93 
0.00 0.16 0.58 0.29 0.25 0.25 

-0.05 0.16 0.58 0.22 0.25 0.38 
-0.21 0.15 0.41 0.18 0.24 0.45 
-0.19 0.15 0.43 0.23 0.23 0.31 
0.10 0.14 0.53 0.14 0.21 0.49 
0.25 0.15 0.34 0.22 0.23 0.32 
0.13 0.16 0.52 0.06 0.23 0.78 

-0.12 0.15 0.52 0.00 0.21 0.98 
-0.11 0.14 0.52 0.14 0.21 0.51 
0.02 0.09 0.61 0.01 0.12 0.95 
0.01 0.10 0.60 -0.09 0.15 0.56 

-0.10 0.11 0.50 -0.09 0.15 0.57 
-0.10 0.11 0.50 0.11 0.16 0.49 

 

-0.16 0.12 0.40 0.23 0.17 0.18 
# significant α’s 1 vs 0 (5 vs 0) 
χ2-statistic 28.73 vs 17.90 (166 vs 35.62) 
χ2-p-value 0.28 vs 0.85 (0.00 vs 0.08) 

 four-factor 
international capm 

alternative 
international capm 

 1α̂  1ˆ( )se α  p1 2α̂  2ˆ( )se α  p2 
-0.41 0.19 0.26 -0.96 0.30 0.00 
-0.27 0.15 0.34 -0.41 0.24 0.09 
-0.24 0.15 0.36 -0.23 0.23 0.32 
0.12 0.16 0.53 0.13 0.26 0.62 
0.15 0.20 0.53 -0.19 0.32 0.56 

-1.00 0.19 0.01 -0.73 0.32 0.02 
-0.66 0.15 0.03 0.08 0.24 0.74 
-0.52 0.14 0.08 -0.16 0.23 0.49 
-0.21 0.14 0.41 0.33 0.23 0.15 
0.14 0.18 0.52 0.49 0.30 0.10 

-0.41 0.22 0.32 -0.32 0.35 0.36 
-0.34 0.17 0.27 0.04 0.26 0.88 
-0.35 0.16 0.24 0.19 0.24 0.42 
-0.15 0.16 0.49 0.07 0.24 0.78 
0.24 0.19 0.44 0.38 0.29 0.20 
0.14 0.23 0.54 0.21 0.35 0.54 
0.05 0.17 0.59 0.19 0.25 0.43 

-0.27 0.15 0.31 -0.01 0.23 0.98 
-0.06 0.15 0.58 0.03 0.22 0.89 
0.25 0.17 0.38 0.18 0.26 0.48 
0.46 0.22 0.25 0.55 0.33 0.10 
0.06 0.14 0.58 0.15 0.20 0.46 

-0.31 0.12 0.14 -0.02 0.17 0.91 
-0.32 0.10 0.09 -0.17 0.15 0.27 

10 
size-momentum 
portfolios 

-0.06 0.15 0.58 -0.09 0.21 0.67 
# significant α’s 2 vs 2 (9 vs 2) 
χ2-statistic 33.61 vs 34.89 (208 vs 94.49) 
χ2-p-value 0.12 vs 0.09 (0.00 vs 0.00) 

 four-factor 
international capm 

alternative 
international capm 

 1α̂  1ˆ( )se α  p1 2α̂  2ˆ( )se α  p2 
-0.60 0.21 0.15 -0.60 0.33 0.07 
-0.36 0.21 0.35 -0.34 0.33 0.30 
-0.27 0.20 0.42 -0.16 0.31 0.61 
-0.39 0.18 0.26 -0.28 0.29 0.34 
-0.15 0.19 0.52 -0.31 0.29 0.29 
-0.21 0.15 0.41 0.00 0.23 0.99 
-0.06 0.15 0.57 0.20 0.23 0.40 
-0.26 0.16 0.35 0.00 0.23 0.99 
-0.33 0.14 0.21 -0.05 0.22 0.82 
-0.23 0.15 0.38 0.13 0.23 0.57 
-0.38 0.13 0.14 -0.01 0.20 0.97 
-0.28 0.14 0.26 0.10 0.21 0.64 
-0.38 0.15 0.15 0.02 0.21 0.91 
-0.42 0.13 0.09 -0.03 0.20 0.87 

10 
distress-momentum
portfolios 

-0.18 0.14 0.43 0.13 0.22 0.54 



156 Chapter 4: CAPM and Country and Sector Effects 

 

-0.21 0.12 0.34 0.11 0.19 0.57 
-0.13 0.13 0.48 0.15 0.20 0.46 
-0.25 0.14 0.30 0.04 0.20 0.83 
-0.27 0.14 0.26 0.04 0.20 0.84 
0.03 0.15 0.58 0.26 0.23 0.27 
0.13 0.15 0.51 0.31 0.23 0.17 
0.23 0.15 0.39 0.44 0.24 0.06 
0.00 0.17 0.59 0.21 0.25 0.41 

-0.12 0.18 0.54 0.16 0.26 0.53 

 

0.15 0.21 0.53 -0.01 0.31 0.98 
# significant α’s 0 vs 0 (8 vs 0) 
χ2-statistic 24.96 vs 16.97 (76.26 vs 29.92) 
χ2-p-value 0.46 vs 0.88 (0.00 vs 0.23) 

 

Table 4.7: Comparing alphas for different multi-factor models: four-factor international 

capm vs alternative international capm: international results on sector effects 
”between brackets”: original results (Chapter 3) with no pairwise alpha standard error 
equalization; Student-T distribution for individual alpha estimates; and global χ2-test 
with non-diagonal covariance matrix accounting for White’s intertemporal het-
eroskedasticity and contemporal correlation. 
 four-factor international capm alternative international capm 
 1α̂  1ˆ( )se α  p1 2α̂  2ˆ( )se α  p2 
aerosp. & def. -0.59 0.20 0.10 -0.10 0.29 0.73 
autom. & parts -0.10 0.17 0.55 -0.25 0.25 0.31 
banks -0.23 0.13 0.29 -0.29 0.18 0.11 
beverages -0.06 0.11 0.56 -0.17 0.16 0.28 
chemicals 0.04 0.16 0.59 -0.14 0.24 0.54 
constr. mats. -0.08 0.16 0.57 -0.33 0.24 0.17 
divers. sector -0.37 0.11 0.08 -0.37 0.17 0.03 
electricity 0.23 0.15 0.35 0.21 0.21 0.31 
electro & electic -0.09 0.19 0.56 -0.19 0.29 0.52 
engin. & machin. -0.21 0.16 0.42 -0.43 0.24 0.07 
food & drug ret. -0.09 0.15 0.55 0.19 0.21 0.38 
food producers -0.01 0.11 0.59 0.04 0.17 0.83 
forestry & paper -0.35 0.16 0.22 -0.29 0.23 0.22 
hshld gd & textil -0.12 0.15 0.52 -0.13 0.23 0.58 
healthcare -0.26 0.26 0.48 0.23 0.39 0.55 
i/t hardware 0.05 0.27 0.58 -0.28 0.41 0.50 
insurance -0.24 0.13 0.30 -0.31 0.19 0.10 
leisure & hotels -0.50 0.16 0.10 -0.42 0.24 0.08 
life assurance -0.21 0.18 0.44 -0.01 0.26 0.98 
media & entert. 0.06 0.14 0.56 0.00 0.22 0.99 
mining -0.57 0.43 0.41 -0.46 0.64 0.47 
oil and gas -0.99 0.30 0.07 -0.33 0.44 0.45 
persnl care -0.18 0.16 0.46 -0.15 0.24 0.52 
pharmc & biotch 0.18 0.21 0.51 0.00 0.32 0.99 
real estate -0.56 0.12 0.01 -0.64 0.18 0.00 
retailer (general) -0.17 0.18 0.49 -0.30 0.27 0.27 
softwr & services 0.08 0.26 0.57 -0.08 0.41 0.86 
specialty & finan -0.30 0.20 0.38 -0.58 0.30 0.05 
steel & metal -0.23 0.19 0.43 -0.49 0.28 0.08 
support services -0.40 0.17 0.21 -0.17 0.26 0.51 
telecom services 0.20 0.20 0.49 -0.02 0.30 0.95 
tobacco 0.19 0.22 0.51 0.09 0.33 0.78 
transport -0.12 0.14 0.51 -0.12 0.20 0.55 
other utilities 0.08 0.14 0.56 0.23 0.20 0.25 
# significant α’s 1 vs 2 (7 vs 2) 
χ2-statistic 34.81 vs 49.92 (131 vs 63.56) 
χ2-p-value 0.43 vs 0.04 (0.00 vs 0.002) 
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Table 4.8: Comparing alphas for different multi-factor models: four-factor international 

capm vs alternative international capm: international results on country effects 
”between brackets”: original results (Chapter 3) with no pairwise alpha standard error 
equalization; Student-T distribution for individual alpha estimates; and global χ2-test 
with non-diagonal covariance matrix accounting for White’s intertemporal het-
eroskedasticity and contemporal correlation. 
 four-factor international capm alternative international capm 
 1α̂  1ˆ( )se α  p1 2α̂  2ˆ( )se α  p2 
argentine 1.48 1.98 0.53 1.24 2.86 0.66 
australia -0.33 0.31 0.46 -0.13 0.45 0.78 
germany 0.12 0.27 0.57 0.17 0.38 0.66 
belgium 0.24 0.30 0.52 0.44 0.43 0.31 
brazil -0.72 2.24 0.61 -0.46 3.03 0.88 
colombia -2.76 1.23 0.15 -3.37 1.60 0.04 
china 1.58 1.98 0.52 3.13 2.60 0.23 
chili 0.26 0.73 0.59 1.51 1.03 0.15 
canada -0.85 0.25 0.06 -0.22 0.36 0.54 
denmark 0.24 0.33 0.53 0.41 0.48 0.38 
spain -0.22 0.51 0.58 0.13 0.74 0.86 
finland 0.48 0.53 0.50 -0.40 0.77 0.60 
france -0.03 0.33 0.60 0.59 0.48 0.22 
greece 0.97 1.15 0.51 -0.57 1.59 0.72 
hong kong 0.52 0.59 0.50 2.25 0.84 0.01 
indonisia -2.16 0.85 0.11 -1.10 1.12 0.33 
india 0.04 1.12 0.61 2.92 1.55 0.06 
ireland 0.12 0.35 0.59 0.23 0.50 0.64 
italy -0.67 0.43 0.35 -0.03 0.62 0.96 
japan 1.06 0.35 0.07 -0.06 0.48 0.90 
korea -0.09 0.62 0.62 -1.91 0.84 0.02 
luxemburg 0.00 0.40 0.63 0.36 0.53 0.50 
mexico 0.65 0.74 0.50 0.70 1.04 0.50 
malaysia 1.18 0.60 0.25 2.22 0.85 0.01 
netherlands 0.00 0.27 0.60 0.48 0.40 0.23 
norway -0.08 0.45 0.60 0.31 0.65 0.63 
new zeeland -0.19 0.58 0.59 0.15 0.84 0.86 
austria 0.22 0.40 0.56 0.41 0.58 0.47 
peru 2.00 1.30 0.30 3.20 1.66 0.05 
philipinnes 1.23 0.79 0.35 1.74 1.15 0.13 
portugal -0.42 0.51 0.51 0.80 0.72 0.26 
south africa 0.51 0.50 0.47 1.42 0.71 0.04 
sweden 0.19 0.43 0.57 0.47 0.63 0.45 
singapore 0.21 0.45 0.57 0.33 0.65 0.61 
switzerland -0.40 0.22 0.29 0.06 0.32 0.85 
taiwan 2.21 1.08 0.24 1.08 1.56 0.49 
thailand 0.19 0.70 0.60 0.35 0.98 0.72 
uk -0.16 0.26 0.55 -0.15 0.38 0.69 
us -0.49 0.20 0.18 -0.27 0.30 0.36 
# significant α’s 0 vs 5 (7 vs 4) 
χ2-statistic 29.89 vs 53.34 (74.50 vs 66.31) 
χ2-p-value 0.85 vs 0.06 (0.001 vs 0.004) 

 

4.3 Conclusion 
We found that the CAPMs at our disposal fail to explain the cross-section of sector-sorted and 

country-sorted portfolios, which underlines the importance of sector- and country-specific effects 

in international asset pricing. This finding invokes further research in modeling risks linked to 

sector- and country-specific effects. We pointed out that comparing different CAPMs in their 

ability to price unmanaged test portfolios based on uncorrected alphas and alpha standard errors is 
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an unfair game. A CAPM can generate fewer significant alphas because the alphas are economi-

cally closer to zero or because the model is less accurate—the standard errors of the estimates are 

larger. We adopted a new methodology to compare different CAPMs on equal footing by adding 

normal noise to the alpha estimates of the more accurate model to the extent that its standard error 

equals the standard error of the less accurate model. We showed that the superiority of the alterna-

tive (international) CAPM over the traditional (international) CAPMs in explaining the classic 

anomalies (Chapter 2) and sector- and country-indices (Chapter 4) is, generally, due to lower 

power, except for the size anomaly. 
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General Conclusion 

This dissertation has examined size, country and sector effects in the structure of international 

stock returns and the implications for capital asset pricing.  

To this end, we have described, in Chapter 1, the construction of a new international stock data-

base containing reliable small firms and reliable interest and exchange rates. The database is free 

of survivorship and size bias and contains stocks, interest and exchange rates from 39 countries 

both developed and emerging from the eighties to the millennium. 

In Chapter 2 we replicated the Fama-French CAPM test and showed that some design elements of 

that test can have a significant impact on the test results (e.g. frequency of portfolio updating). 

Especially crucial are the aspects related to the weight one gives to small, low-reputation stocks 

when constructing both the factor portfolios and the test or style portfolios whose returns are to be 

explained. We showed that the standard Fama-French CAPM fails to explain the cross-section of 

stock returns in the presence of small stocks. To fit the observed returns we needed to redesign the 

size and distress factor portfolios into two factor portfolios each, one for extremely small or dis-

tressed stocks relative to non-extreme stocks, and one for moderately small or distressed stocks 

versus larger or growth companies. This alternative six-factor model does a better job in pricing 

unmanaged test portfolios sorted on size, distress and momentum and two-dimensional test port-

folios, both in the US and internationally, than the standard four-factor model with factor portfo-

lios designed following Fama and French (1992, 1993, 1995, 1996a, 1996b, 1998, 2000), Carhart 

(1997), Jegadeesh and Titman (1993) and Rouwenhorst (1999). Stated differently, the alternative 

six-factor model gets the alphas closer tot zero than the standard four-factor model. 

In Chapter 3 we focused on the Heston-Rouwenhorst methodology and the relative importance of 

country and sector effects in international stock returns. We adopted the HR-procedure to estimate 

world, country and sector factors and checked the robustness of this procedure with respect to 

time period, country coverage, size coverage, sector classification and weighting schemes. We 

showed that the average country-specific volatility in international stock returns is robustly larger 

than the average sector-specific variance and the world-factor variance. However, the relative 

magnitude widely depends on the test design. Especially, the country-specific volatility is boosted 

by adding emerging markets to the dataset. We took a closer look at the size variant of the test 

design and showed why the variance of the country factor rises relative to the sector-specific vola-

tility if one introduces small-caps into the data sample: these stocks have significantly more vari-
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ability than large-caps when controlling for country and sector effects, and they are significantly 

less sensitive to their global sector index. 

Apart from these data issues, we also considered methodological issues. If one would like to 

know what factor has the largest impact on the return of a randomly chosen stock, the HR-

procedure is not appropriate anymore because exposures come into the picture—to the extent that 

the distribution of the non-zero exposures to the world, country and sector factors are not equal 

across all stocks, which is statistically demonstrated. In other words, a study of var(γκ) instead of 

var(κ) is appropriate. Hence we extend the HR-procedure in a Fama-MacBeth way to estimate the 

factor exposures. However, part of the estimated factor-generated variance var(γκ) is due to esti-

mation error and needs to be corrected, otherwise var(γκ) could still give the wrong ranking. The 

correction for error in the variance of the exposures pushes the country-specific volatility even 

further above the sector-specific variance and world factor variance. 

Another focus of the HR-methodology is to what extent the excess country-index volatility can be 

explained by its specific sector-mix deviating from the world sector-mix and to what extent the 

excess sector-index variance can be attributed to its geographical composition. Again we verified 

the robustness of the HR-methodology in this respect. We found that, on average, country-

specific effects can explain a larger part of excess sector-index volatilities than excess country-

index variances can be attributed to sector-specific effects, except in one sample variant—OECD 

plus EMs—where the result is reversed. 

We showed that if the average country-specific volatility is larger than the average sector-specific 

volatility, diversification across countries is not necessary a more efficient tool to reduce risk than 

diversifying across sectors. Worldwide risk diversification is about covariances, not about vari-

ances and variance components only and the HR-methodology does not tell us anything about the 

correlations among sectors or countries. We illustrated that diversification across sector indices 

can generate better mean-variance combinations than diversification across country indices. 

In Chapter 4, lastly, we underlined the importance of sector- and country-specific effects in inter-

national asset pricing by showing that the CAPMs at our disposal cannot explain the cross-section 

of sector- and country index returns. We also constructed and applied a new methodology to com-

pare—on equal footing regarding inference on H0—different CAPMs in their ability to price un-

managed test portfolios by equalizing the alpha standard errors. Normal noise is added to the al-

pha estimate of the more accurate model to the extent that its standard error is inflated to the level 

of the standard error of the less accurate model. Applying this procedure, we showed that the 

superiority of the alternative (international) model over the traditional (international) models in 

explaining the classic anomalies and country and sector indices, is generally due to lower power, 

except for the size anomaly. 
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