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ABSTRACT

Although the ability of the Fama and French (1993) 3-factor model in explaining style-based
portfolio returns have been widely tested, no such test has been conducted on sector-based
portfolios. The study conducted by Hsieh and Hodnett (2011) indicate that the resource sector
yields significant abnormal returns under the capital asset pricing model (CAPM) over the period
from 1999 to 2009. In addition, the book value-to-market ratio and market capitalization are
found to have pervasive effects on the pricing of sector returns for global equities. Motivated by
this insight, we undertake to test the ability of the Fama and French (1993) 3-factor model in
explaining the variations in the global sector returns. Our test results indicate that the market risk
premium is the most significant factor that drives the returns in all sectors under review. Although
the positive abnormal returns of the resource sector dissipates under the 3-factor model, the
industrial sector and the information technology (1.T.) sector yield abnormal returns under the 3-
factor model. Unlike the empirical findings on the style portfolios, the signs and statistical
significance of the exposures to the value and size risk premiums are not consistent across all
sectors. This finding suggests that sector exposures are more unique and distinctive compared to
the style portfolios. It could be argued that since most of the style portfolios are directly related to
the value and size anomalies, any factor model that incorporates risk premiums on these
anomalies would significantly explain the style portfolio returns. However, the ability of such
factor model in explaining returns on portfolios formed using methodologies other than style
anomalies, such as sector portfolio returns, would be questionable. Taking into account the rising
global integration, sector allocation might be more effective in terms of global active portfolio
management or international diversification than style allocation and country allocation.
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INTRODUCTION

he capital asset pricing model (CAPM) of Sharpe (1964) and Lintner (1965) postulates that the only
relevant risk in asset pricing is systematic risk. Firm-specific factors such as differences in firm size

or the price-earnings multiple are regarded as unsystematic and can be diversified away in a large
portfolio under the notion of the CAPM. The market risk premium (that is, the market return in excess of the risk-
free rate of return) is the only explanatory factor employed by the CAPM to estimate asset returns. The sensitivity of
an asset’s returns to movements in the market risk premium is computed as the beta coefficient that measures the
systematic exposure of the asset. The higher the beta coefficient, the higher is the required rate of return for the
asset.

Empirical research has identified several anomalies relating to pricing assets using the CAPM. The small
firm effect and the value effect, amongst other anomalies, are the most prominent anomalies documented in
empirical literature. The small firm effect, known as the size anomaly, refers to the phenomenon where firms with
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smaller market capitalization generally outperform larger firms. The value effect refers to the phenomenon where
firms with lower price-to-fundamental multiples (such as the price-to-earnings ratio or the price-to-book value ratio)
are found to outperform firms with higher price-to-fundamental multiples. According to empirical literature, the
abnormal returns earned by small firms and value stocks cannot be explained by the market risk premium alone
using the CAPM.

Fama and French (1993) argue that small caps and value stocks are riskier compared to large, more
established firms with good growth prospects. Based on this argument, Fama and French (1993) incorporate the
small firm risk premium and the value risk premium in addition to the market risk premium to explain returns on
portfolios formed based on various empirical anomalies. The 3-factor model is found to explain most of the
anomalies adequately.

Because anomalies are broadly followed by asset managers to form their distinctive investment styles,
portfolios formed based on empirical anomalies are termed style portfolios. Although the validity of the 3-factor
model of Fama and French (1993) in explaining style portfolio returns is well documented by empirical literature,
tests of the 3-factor model have not yet been conducted on the sector-based portfolios. The study conducted by
Hsieh and Hodnett (2011) reveals that the abnormal returns on the basic materials and oil and gas sector over the
past 10 years cannot be explained by the CAPM. The results of the univariate test, based on the Fama and MacBeth
(1973) model, also shows that the size and value effects are prominent in each of the sector portfolios. Built on this
insight, we attempt to explain the sector returns for global equities using the 3-factor model of Fama and French
(1993). The same sector classification, database and examination period adopted by Hsieh and Hodnett (2011) are
applied to this research.

The coefficients obtained from the 3-factor model provide valuable information regarding the influences of
the market risk premium, small firm premium and value risk premium on different sector returns. The joint
influences of the market risk, firm size and value effect can thus be established and compared to the univariate
results of Hsieh and Hodnett (2011) on sector portfolios of global equities.

LITERATURE REVIEW

Basu (1977) tests the effect of the price-to-earnings ratio on U.S. stock returns over the period from 1957 to
1971. Using stocks with low price-to-earnings ratio as the proxy for value stocks, Basu (1977) finds that stocks with
relatively lower price-to-earnings ratio outperform stocks with higher price-to-earnings ratio, on a risk-adjusted
basis. Lakonishok, Shleifer and Vishny (1994) extend the studies of the value effect to include book value-to-market
ratio, cash flow-to-price ratio, earnings yield and historical sales growth over the period from 1963 to 1990. Test
results reveal that value stocks that have relatively higher book value-to-market ratio, higher cash flow-to-price
ratio, higher earnings yield and lower historical sales growth outperform growth stocks.

With regard to the size effect, Banz (1981) tests the effect of firm size on U.S. stock returns over the period
from 1927 to 1975. After controlling for market risk in the sample, Banz (1981) finds that firms with relatively
smaller market capitalization (small caps) outperform firms with relatively larger market capitalization (large caps).
Other well established CAPM anomalies include the mean reversion of long-term winner and loser portfolios
discovered by De Bondt and Thaler (1985; 1987) and the abnormal returns of short-term momentum portfolios
documented by Jegadeesh and Titman (1993).

Fama and French (1993) argue that the value and size anomalies represent potential risks in the portfolio,
and investors anticipate compensation for holding value stocks and small caps. Built on this insight, Fama and
French (1993) propose a 3-factor asset pricing model that incorporates the size risk premium and the value risk
premium, in addition to the market risk premium of the CAPM. The size risk premium is calculated as the small cap
returns minus the large cap returns. On the other hand, the value risk premium is calculated as the return difference
between the portfolio with high book-to-market ratio and the portfolio with low book-to-market ratio. The 3-factor
model is found to explain most of the style portfolio returns better than the CAPM. Fama and French (1993)
conclude that since the empirical anomalies are proxied by firm-specific attributes that are scaled versions of a
firm’s value, it is expected that the effects of some anomalies are subsumed by the effects of other anomalies.
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The Fama and French (1993) 3-factor model is generally found to improve the explanatory power of the
CAPM significantly in international studies. Maroney and Protopapadakis (2002) attempt to explain the effects of
the book-to-market ratio and market capitalization using a stochastic discount factor (SDF) model on international
stocks in Australia, Canada, Germany, France, Japan, the United Kingdom and the United States of America (U.S.).
They find the value and size abnormal returns to persist under the SDF model.

Drew and Veeraraghavan (2002) test the significance of the value and size risk premiums on Malaysian
stocks. Their results show that both the value and size risk premiums are significant throughout the examination
period from 1993 to 1999. Drew and Veeraraghavan (2003) extend their prior research to test the pricing power of
the Fama and French (1993) 3-factor model on South-East Asian stocks in Hong Kong, Korea, Malaysia and the
Philippines. Their results indicate that the 3-factor model outperforms the market model in explaining the South-
East Asian stock returns. Gaunt (2004) tests the explanatory power of the Fama and French (1993) 3-factor model
on the Australian Securities Exchange (ASX) over the period from 1981 to 2000. Test results suggest that the 3-
factor model provides significant improvements over the CAPM over the examination period.

When the effects of the empirical anomalies are examined within each of the global equity sectors, Hsieh
and Hodnett (2011) find the effects of the book value-to-market ratio and market capitalization to be pervasive in
differentiating stock returns in each sector over the period from 1999 to 2009 under the univariate test. Firms with
relatively higher book-to-market ratio are found to outperform firms with relatively lower book-to-market ratio over
the examination period. On the other hand, firms with relatively larger market capitalizations tend to accumulate
negative abnormal returns over the examination period.

DATA AND METHODOLOGY

The Dow Jones (DJ) Sector Titans Composite Index is used as the database for this research. As
recommended by Hsieh and Hodnett (2011), this database provides sufficient exposures to the largest 30
international firms (by market capitalization) from each of the 19 sectors defined by the Industry Classification
Benchmark (ICB). An additional advantage of this database is that it includes firms from both developed and
emerging economies, as opposed to the Morgan Stanley Capital International (MSCI) Index that only includes firms
from developed economies.

The monthly historical prices, total return indexes, number of outstanding common stocks, market
capitalization and per share book value of the 570 stocks comprising the DJ Sector Titans Composite Index, over the
period from 01 January 1996 to 31 December 2009, are obtained from DataStream International as of 01 March
2010. All attribute values are converted into U.S. dollars over the examination period. Due to the fact that
DataStream International only records data as they arrive, the research database is not subject to look-ahead bias.
The survivorship bias is partially mitigated by the fact that only the most established firms that are less likely to be
non-survivors in their respective industries are included in the research sample.

The 19 Sectors covered by the DJ Sector Titans Composite Index include automobiles and parts, banks,
basic resources, chemicals, construction and materials, financial services, food and beverages, health care, industrial
goods and services, insurance, media, oil and gas, personal and household goods, real estate, retail, technology,
telecommunication, travel and leisure and utilities. Following the methodology of Hsieh and Hodnett (2011), sample
stocks from the 19 sectors are subdivided into 7 dominant categories, namely basic materials and oil and gas
(BMOG), consumer goods and services (CGCS), banking and financials (BNFN), healthcare (HLCR), industrials
(INDL), technology and telecommunications (TGTL) and utilities (UTLT). The sector portfolios are constructed by
allocating equal weights to constituent stocks in the respective sectors at the beginning of each month (that is, the
sector portfolios are rebalanced on a monthly basis) over the examination period.

The monthly-rebalanced, equal-sector-weighted index and the 3-month Treasury bill are employed as the
market proxy and the risk-free asset in this research. Hsieh and Hodnett (2011) suggest that using an equal-sector-
weighted market proxy ensures fair representation of each sector in the proxy. The Fama and French (1993) model is
demonstrated in Equation 1:
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Where:

Ipt is the return on the sector portfolio P in month t;

I is the return on the 3-month U.S. Treasury bill in month t;

Mt is the return on the MSCI World Index in month t;

it is the beta coefficient of the regression measuring the sensitivity of sector portfolio P’s returns to variations
in the market risk premium; and

Si is the sensitivity of sector portfolio P’s return to variations in the size risk premium SMB;

hi is the sensitivity of sector portfolio P’s return to variations in the value risk premium HML;

epy is the regression residual representing the abnormal returns of sector portfolio P in month t.

The size risk premium, SMB, is computed as the return on the small cap portfolio less the return on the
large cap portfolio. The value risk premium, HML, is computed as the return on the high book-to-market portfolio
minus the return on the low book-to-market portfolio. The small and large firm portfolios are constructed by
selecting the largest and the smallest 50 firms based on their market capitalization at the beginning of each month.
On the other hand, the high and low book-to-market portfolios are constructed by selecting 50 firms with the highest
and the lowest book-to-market ratio at the beginning of each month. The monthly time-series of the market risk
premium, SMB and HML are estimated over the examination period.

When the time-series excess returns on a sector portfolio is regressed on the time-series risk premiums, the
exposure to each of the risk factors are estimated with the intercept indicating the consistent
outperformance/underperformance of a sector over its risk-adjusted returns. Examining the exposures to risk
premiums contributes to the identification of the major sources of risks that drive the returns on the various sector
portfolios.

EMPIRICAL FINDINGS

The log cumulative market risk premium, size risk premium and value risk premium over the examination
period are illustrated in Figure 1. The risk premiums can be regarded as the returns on zero investment portfolios
constructed from market neutral strategies based on the exposures to specific risk factors: the market risk premium
represents the return on a market neutral strategy that longs the equity market and shorts the risk-free asset (a
preference of market risk over a risk-free investment); the size risk premium can be considered as the return earned
by a market neutral strategy that longs the small firm portfolio and simultaneously shorts the large firm portfolio (a
preference of small firms over large firms); and the value risk premium is the return on a market neutral strategy that
longs the value portfolio and shorts the glamour portfolio (a preference of value stocks over glamour stocks).

The most consistent risk premium in Figure 1 over the examination period is the size risk premium. The
value risk premium appears to be negatively correlated to investor sentiment. The value risk premium is negative
during the market over-optimism during the peak of the 1.T. bubble and turns strongly positive when the 1.T. bubble
bursts in 2000. When the global equity market starts to take off from the trough of the bear trend in the mid-2000s,
the value risk premium becomes less significant until the global financial crisis of 2008.

Table 1 reproduces the summary of the performances of the global sector portfolios documented by Hsieh
and Hodnett (2011) over the examination period. The consumer goods and services sector (CGCS), the healthcare
sector (HLCR) and the utilities sector (UTLT) represent defensive industries with relatively lower risk and returns
compared to the other sectors. The basic materials and oil and gas sector (BMOG) and the banking and financial
sector (BNFN) represent sectors with relatively higher risk and returns amongst other sectors. The examination of
the t-statistic of Jensen’s alpha indicates that BMOG is the only sector that earns significant positive abnormal
returns that cannot be explained by the market risk premium of the CAPM.
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Figure 1: Log Cumulative Risk Premiums
Table 1: Global Sector Portfolio Performance Summary (1999 to 2009)
BMOG CGCS BNEN HLCR INDL TGTL UTLT Market
Panel A Basic Performance Statistics (Annualized)
Return: 25.68% 12.00% 14.84% 10.81% 14.94% 16.55% 10.65% 15.39%
Std. Deviation: 23.40% 15.95% 22.50% 13.37% 20.06% 25.80% 14.53% 17.82%
Beta: 1.17 0.87 1.20 0.50 1.07 1.09 0.54 1.00
Panel B Risk-Adjusted Performance Statistics
Sharpe Ratio 1.087 0.737 0.649 0.79 0.733 0.632 0.716 0.832
Treynor Ratio 0.218 0,134 0.122 0.211 0.137 0.149 0.193 0.148
Jensen's Alpha 0.006 -0.001 -0.002 0.001 -0.001 0 0.001 0
t-Stats of Alpha 2.043 -1.504 -1.258 0.540 -0.678 -0.001 0.314 0.000

* This Table is adapted and modified from Hsieh and Hodnett (2011).

Figure 2 plots the relative risk-return positions of the global sector portfolios and the market proxy against
the capital market line (CML). Using standard deviation as the relevant measure of risk, BMOG is the only sector
that outperforms its respective risk-adjusted return. With the exception of BMOG, all the global sector portfolios
underperform the market proxy in terms of their Sharpe ratios (refer to Panel B of Table 1). The technology and
telecommunication sector (TGTL), the sector with the lowest Sharpe ratio of 0.632 over the examination period, is
furthest from the CML amongst other sectors in Figure 2.

Figure 3 illustrates the relative positions of the global sector portfolios and the market proxy against the
security market line (SML) under the notion of the CAPM. When the relevant risk is measured by the beta
coefficient (a measure of systematic risk), HLCR and UTLT, the two defensive sectors and BMOG are plotted
above the SML. The underperformance of TGTL observed in Figure 2 dissipates in Figure 3, which indicates that a
large portion of the risk inherent in TGTL is unsystematic and diversifiable when combined with other sectors. This
finding implies that stocks in TGTL have unique risk orientation compared to stocks in other sectors. BMOG
remains the best performing sector with the furthest distance from the SML in Figure 3.
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Table 2 demonstrates the time-series regression results when the Fama and French (1993) 3-factor model is
applied to each of the pre-specified sector portfolios of global equities. The explanatory power of the 3-factor model
indicated by R-squared and the adjusted R-squared are shown in Panel A of Table 2. Panel B of Table 2 displays the
intercept and the exposures of the sector portfolios to variations in respective risk premiums. The t-statistics of the
coefficients are shown in parentheses. Coefficients that are statistically significant at a 5% level are highlighted in
bold.

An examination of the significance of the regression intercept indicates that the significant abnormal return
of BMOG dissipates under the notion of the 3-factor model. Although the size risk premium contributes
significantly in explaining the returns of BMOG, the value risk premium seems to negatively affect the returns of
BMOG to a moderate degree. TGTL is the other sector that exhibits negative exposure to the value risk premium. In
addition, the exposure to the size risk premium for TGTL is also negative. This indicates that after taking into
account the systematic risks inherent in TGTL, value stocks and large caps within the L.T. sector actually
underperform glamour stocks and large caps within the sector, on a risk-adjusted basis, under the notion of the 3-
factor model.

The inconsistencies of the exposures to the size and value risk premium are also observed among other
global equity sectors. The sectors that exhibit negative exposure to the size risk premium other than TGTL include
CGCS, BNFN and HLCR. Although INDL and UTLT exhibit positive exposures to the size risk premium, the
exposures are not statistically significant. With regard to the value risk premium, BNFN and TGTL are the only
sectors that have significant exposures to the value risk premium. By contrast, the exposures of all sectors to the
market risk premium are all significantly positive. The examination of the t statistics of the coefficients indicates
that the market risk premium is the most important factor that drives the returns across all sectors under review.

Table 2: Global Sector Portfolio Return Attribution (1999 to 2009)

BMOG CGCS BNEN HLCR INDL TGTL UTLT

Panel A Explanatory Power of the 3-Factor Model of Fama and French (1993)

R-Squared 80.52%  95.46% 91.43%  46.27% 92.61% 73.23%  46.06%
Adjusted R-Squared 80.07%  95.36% 91.23%  45.01% 92.44% 72.60%  44.80%

Panel B Return Attributions of Global Sector Portfolios to Market and Style Risks

Intercept 0.000  -0.00L  -0.003 0004  -0.004 0013  -0.002
[0.060]  [1.154] [-1.715] [1.498] [-2558] [3.112]  [-0.548]

b_Market Risk Premium 1.107 0.876 1.144 0.522 1.014 1.351 0.488

[19.700] [47.380] [31.957] [9.817] [34.222] [18.628]  [8.424]
b_SMB 0.419 -0.010  -0.096  -0.291 0.135 -0.437 0.101
(Size Risk Premium) [2.805] [0.212] [-1.013] [-2.058] [L721] [-2.269]  [0.654]
b_HML -0.140  0.006 0.277 0.167 0.103 -0.567 0.103
(Value Risk Premium) [-1.153] [0.144]  [3.571]  [1.446] [1.602] [-3.604]  [0.820]
CONCLUSION

The examination of the cumulative risk premiums indicates that the size risk premium is the most
consistent risk factor over the examination period. The value risk premium seems to be related to the economic cycle
in that it is more significant during turbulent times and weaker during the bull market. This suggests that value
stocks are a safe haven during financial market turmoil but are neglected by investors in the upswing of the
economic cycle.
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The evaluation of the risk-adjusted performances of the sector portfolios indicates that a large portion of the
volatility inherent in the I.T. sector, the healthcare sector and the utility sectors seems to be unsystematic in nature.
When the unsystematic risk is removed from the equation, the underperformance of the I.T. sector dissipates and the
defensive healthcare and utility sector outperform their respective risk-adjusted returns under the notion of the
CAPM.

When the Fama and French (1993) 3-factor model is applied to the sector portfolio of global equities, the
market risk premium appears to be the most important factor that explains the returns across all sector portfolios.
Although the value and size effects are persistent across sector portfolios in the univariate study of Hsieh and
Hodnett (2011), they seem to be subsumed by the variations in the market risk premium in the multivariate analysis.

While the exposures to the market risk premium are positively significant for all sector portfolios, the
exposures to the value and size risk premiums are inconsistent across all sectors. This finding contradicts the success
of the Fama and French (1993) 3-factor model in explaining style portfolio returns documented by empirical studies.
A possible explanation for this result could be that the value and size risk premiums of the Fama and French (1993)
3-factor model are derived directly from the value and size anomalies. Due to the fact that the style portfolios are
mostly derived from the value and size related attributes, using any factor model that includes some sort of premium
on the value and size risks would have significant power in explaining style portfolio returns. On the other hand, if
one were to apply the Fama and French (1993) 3-factor model to explain the returns of the portfolios formed based
on methodologies other than the value and size anomalies, such as different sector returns, the explanatory power of
the model might become questionable.

Taking into account the rising global integration, sector allocation might be more effective in terms of
global active portfolio management or international diversification than style allocation and country allocation. We
recommend studies that explore the potential benefits of sector allocations in the global equity market as area
requiring further research.
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