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ABSTRACT 

 

This study constructs the newly developed alternative three-factor model (Chen, Novy-
Marx, and Zhang 2010) and applies it on G12 countries to examine whether it ca n explain the 
momentum anomaly in international equity market. This paper demonstrates that the alternative 
model is able to explain momentum abnormal returns better than the well-known Fama-French 
model. Although the alphas from the alternative model remain significant, the magnitudes are 
smaller than those obtained from the Fama-French model. This observation is persistent across 
countries. Results suggest that the alternative model has more explanatory power than the Fama-
French model. 
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INTRODUCTION 

 

Equity market anomalies are empirical relations between average returns and firm 

characteristics that cannot be explained by standard asset pricing models, such as Capital Asset 

Pricing Model (CAPM) (Sharpe, 1964; Lintner, 1965) and factor models (Fama and French, 
1993; and Carhart, 1997). One o f the prominent anomalies is the positive relation between stock 

returns and momentum. Jagadeesh and Titman (1993) demonstrate that stocks th at perform well 

in recent months continue to ear n higher average returns in future months than s tocks that 

perform poorly. This return pattern cannot be explained by traditional asset pricing model, 

including the highly influential Fama-French model. Since the discovery of the momentum 
anomaly, it has been studied extensively among academics. Many studies have attempted to 

provide explanations of the existence of the momentum anomaly. It has been suggested that 

anomalies indicate either market inefficiency or inadequacies in the underlying asset-pricing 

model. A large number of studies provide new or additional risk factors to provide better 
explanations of the momentum anomaly (Pastor and Stambaugh, 2003, Hoberg and Welch, 

2009, Cremers et al., 2010, Hirshleifer and Jiang, 2010, Hirshleifer et al., 2011, Novy- Marx, 

2010, Fama and French, 2011, and Ho u et al., 2011 among others). In recent years, Chen et al. 

(2010) proposed an alternative three-factor model based on q-theory. They report that t he 

alternative model is able to outperform Fama-French model in U.S. market when examining 
several well-known equity anomalies, including momentum. This study extends the alternative 

model to international market. This paper constructs the alternative model for G12 countries to 

examine if the superior performance is a loc al manifestation or a global phenomenon.  
 

This study begins by examining abnormal returns of zero-cost portfolios formed on 
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momentum strategy. All stocks in each country are first divided into five quintiles based on the 
ranking of past six-month return s. Momentum strategy takes long positions of stocks in the 

quintile with the highest past ret urns and takes short positions of stocks in the quintile with the 
lowest past returns. This zero-cost trading strategy produces significant abnormal monthly 
returns for 12 out of 13 G12 countries (except for Japan). To test if these abnormal returns can 

be explained by some well-known risk factors, calendar-time factor regression is applied with 
Fama-French three-factor model plus the momentum factor (Fama and French, 1 992, 1993, 
Carhart, 1997). Fama-French regression results indicate that significant abnormal returns from 

zero-cost strategies still exist after controlling for size and value risk factors. In other words, 
Fama-French model cannot explain momentum anomaly in G12 countries. 
 

This paper then examines if the alternative model has a higher explanatory power in 

explaining momentum anomaly. The investment and return on asset (ROA) fact ors are 
constructed for each country following the method in Chen et al. (2010). The same calendar-
time regression is conducted with the Fama-French model. Results suggest that alphas from the 
alternative model remain significant in most countries. It indicates that the alternative model 
cannot drive away abnormal returns. However, the magnitude of alphas dramatically decreased 
compares to the Fama-French model. The results are persistent for all countries except for Japan 
(Japan is the only country that does not have momentum abnormal returns during sample period) 
and Italy.  

To test if these results are driven by firm size, 25 size-momentum portfolios are formed 
to control for size effect. First, al l stocks are ranked into quintiles in each country based on 
ranking of size and momentum anomaly, independently. Second, 25 portfolios are formed 
based on the interactions of size quintiles and momentum quintiles. Finally, calendar-time 
factor regression is performed using both the Fama-French and alternative model on momentum 
abnormal returns in each size quintiles. Test results show that the superior explanatory power of 
the alternative model is present in each size quintile and it is persistent across countries.  

Overall, this study provides strong evidence that the alternative model can better explain 
abnormal returns associated with momentum anomaly. Although it is not powerful enough to 
drive away abnormal returns, it is able to significantly reduce the magnitude of these abnormal 
returns. This study suggests that the alternative three-factor model should be considered in 
studies of momentum anomaly i n international market. 
 

LITERATURE REVIEW 

 

Since the influential stud y of Jagadeesh and Titman (1993), momentum anomaly has 
been one of the most extensively studied stock return patterns in the literature. Momentum 
anomaly has been examined for its persistence over time (Jagadeesh and Titman, 2001) and 
existence across countries (Rouw enhorst, 1998). Many studies try to identify factors that may 
contribute to its existence, such a s earning momentum (Chan, Jagadeesh, Lakon ishok, 1996), 
investor cognitive biases (Daniel , et al., 1998), analyst coverage (Hong, Lim, an d Stein, 2000), 
and past trading volume (Lee an d Swaminathan, 2000). Griffin et al. (2003) stud y momentum 
investing in global markets. The y report that momentum profits are more persistent and 
pervasive in European and North American markets, but less evident in Asian m arkets, 
including Japan. 
 

Among studies examining the existence of momentum anomaly, there is strong evidence 
that the highly-influential Fama-French model is not able to explain variations in momentum 

returns. A large number of studies are devoted to the search for additional risk factors that can 
explain anomalies. For example, Pastor and Stambaugh (2003) propose a market-wide liquidity 

measure and show that this liquidity measure accounts for half of the profit from a momentum 
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strategy. Hoberg and Welch (200 9) show that risk factors and test portfolios can be formed by 

optimizing objective functions instead of by sorting stocks. Cremers et al. (2010) suggest that 
significant alphas obtained from the Fama-Frech model primarily arise due to the disproportional 

weights on small value stocks an d on CRSP value-weighted market index. They test alternative 
ways to construct risk factors an d propose alternative models constructed from other tradable 

benchmark indices and report improved results. Hirshleifer and Jiang (2010) pro pose a 
financing-based misevaluation factor model. They present evidence that their model captures co-

movement in returns beyond that in some standard multifactor models. Hirshleifer et al. (2011) 
find that innovative efficiency is a strong positive predictor of stock returns. Ho u et al. (2011) 

study stock return patterns around the world and find that momentum and cash flow-to-price 

captures significant time series variation in global stock returns. 
 

In a recent study, Chen, Novy-Marx, and Zhang (2010) motivate an alternative three-factor 

model from q-theory, and show that the new three-factor model is able to explain many return 

patterns in the U.S. markets that the Fama-French model is unable to. Because of its superior 

performance in explaining many anomalies, this alternative model has attracted a lot of attention and 

has been applied in several published studies (Ammann et al., 201 2, Walkshausl and Lobe, 2011, 

Stambaugh et al . 2011, Da et al., 2012, among others). This ne w factor model consists of the 

market factor, an investment factor, and a return-on-asset factor. The motivation behind this 

alternative model is that firms will invest more when their profitability is high and the cost of capital 

is low. Therefore, after controlling for profitability, investment-to-asset should be a negative 

predictor of expected returns; and controlling for investment, profitability should be a positive 

predictor of expected returns. The authors provide strong evidence that the new three-factor model 

reduces the magnitude of abnormal returns of various well-k own anomalies, often to 

insignificance. 
 

DATA AND METHODOLOGY 

 

This study uses monthly returns, stock prices, and number of shares outstanding from 
1989 through 2009 for firms in G 12 countries from Thomson Financial's DataSt ream database. 
All variables are expressed in U.S. dollar. The analysis is restricted to common- ordinary stocks 
trading in the companies' home market. To identify common-ordinary stocks, this paper applies 
Griffin, Kelly and Nardari (2010) multi-stage screening method to eliminate preferred stocks, 
warrants, units or investment trusts, duplicates, ADRs or cross-listings, and other non-common 
equity from the sample. Detailed description of the filtering process can be found in Griffin et 
al. (2010). 
 

Momentum portfolios are constructed using the “6/1/6” convention. At t he beginning of 
each month t, momentum is computed as the past 6-month cumulative returns from month t-2 to 

t-7, skipping month t-1. At the beginning of each month, all stocks in each country are ranked in 
ascending order based on momentum. All stocks are divided into quintiles based on momentum 
rankings. Stocks in the first quintile are assigned to the losers portfolio and thos in the fifth 

quintile to the winners portfolio. These equal-weighted portfolios are held for 6 months. To 
increase the power of the tests, overlapping portfolios are constructed. For example, the winners 
portfolio is an overlapping portfolio that consists of winners portfolios in the pre vious 6 
months, and the return on the portfolio is the simple average of returns of these six portfolios. 

The zero-cost portfolio is the winners-minus-losers portfolio, i.e, taking long positions in 
winners stocks and short positions in losers stocks. 
 

To test if these anomalies can be explained by risk factors, portfolio risk- adjusted returns are 

computed using two factor models: the domestic Fama-French four-factor model (Fama and French, 

1992, 1993) and the alternative three-factor model (Chen, Novy-Mark, a nd Zhang, 2010). Fama-
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French four-factor model refers to the Fama-French three-factor model plus the momentum factor. If 

abnormal returns of zero-cost portfolios can be explained b y risk factors, an insignificant alpha 

should be observed. CAPM model is not used in this study because CAPM assumes constant 

systemic risk over time. This is not true, especially when portfolios are frequently adjusted. One 

single market index is not sufficient to capture return variations of a portfolio (Gruber, 1996; 

Grinblatt and Titman, 1989; and Ferreira, Miguel, and Ramos, 2006). 
 

Fama and French (1992, 1993) propose a three-factor model to improve CAPM pricing 
errors by adding size and book-t o-market risk factors. Carhart (1997) demonstrates that a 
momentum factor (Jegadeesh an d Titman, 1993) should be included in the mode l. The four-
factor model is given by: 
 
where is market monthly return in U.S. dollar in excess of the one-month U .S. Treasury bill rate 
in month t. is computed using value-weighted average returns in U.S. dollar of all stocks in each 
country in each month. The conventional method in Fama and French's studies (1992, 1993) is 
used to construct size (SMB) and book-to-market (HML) factors. SMB is the average return on 
small-capitalization portfolios minus the average return on large-capitalization portfolios; HML 
is the difference in returns between portfolios with high book-t o-market stocks and portfolios 
with low book-to-market stocks. Monthly benchmark factors for each individual country are 
constructed using all stocks included in the Data stream/World scope database.  

Momentum (MOM) factor for month t is computed using six value-weighted portfolios 
formed at the end of month t-1. These six portfolios are formed on the intersections of two 
portfolios formed on size and three portfolios formed on prior six-month (escaping the most 
recent month) cumulative return s. The median market equity at month t-1 in each country is 

used as the breakpoint for size portfolios. The 30
th

 and 70
th

 percentiles of prior cumulative 

returns in each country as breakpoints for the prior return portfolios. The bottom 30% is 
classified as the losers portfolio, the middle 40% as medium, and the top 30% as the winners 
portfolio. MOM factor is computed as the monthly average return on the two winners portfolios 
minus the monthly average return on the two losers portfolios: 

 

+        %     +     %     ,- - 

 
An alternative three-facto r model is developed by Chen, Novy-Marx, an d Zhang (2010) 

based on q-theory. The new mod el includes a market factor, an investment factor, and a return-on-

asset factor. They demonstrate that this alternative model can explain many documented anomalies 

that cannot be explained by the Fama-French model in U.S. equity market. This alternative model 

is applied in th is study to test whether abnormal returns are driven by the market, investment, and 

return-on-asset factors. The alternative three-factor mod el is given by: 
 

!"#$ '()$                          .  
 
Where is stock return in U.S . dollar in excess of the one-month U.S. Treasury bill rate in 
 

month t. !"# is the low-minus-high investment factor, and '() is the high-minu s-low ROA 
factor. The factor construction method in Chen, Novy-Marx, and Zhang (2010) i s used.  

Investment factor, !"#, is constructed from a two-by-three sort on size and Investment-to-Asset 

(IA) in a similar way as in Fama and French (1992, 1993). IA is measured as the annual change 
in gross property, plant, and equi pment plus the annual change in inventory divi ded by lagged 
total assets in June of each year t . All stocks from the same market are broken in to three IA 
groups based on breakpoints for the low 30%, medium 40%, and high 30% of ranked values. 
The median market equity in each country is used to split all stocks into two groups. Six 
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portfolios on the intersections of two size and three IA groups are formed. Monthly value-
weighted returns on these six portfolios are calculate d from July of year t to June of t+1, and the 
port folios are rebalanced in June of year t+1. Investment factor is the difference (low-minus-
high IA) between the simple average of returns of the two low-IA portfolios and the simple 
averag e of returns of the two high-IA portfolios in each month. 
 

!"#           %&   %& + * + * ,-                                                      /  

 
 

ROA factor, '() is constructed in the same way as !"#. ROA factor is the monthly difference 
(high-minus-low ROA) between the simple average of returns on the two high-R OA 
portfolios and the simple average of return s on the two low-ROA portfolios. 
 

'() * * +        %& +     %& ,-                                                     0  

 
RESULTS 

 

Table 1 reports average momentum abnormal monthly returns of the zero-cost strategy 
and corresponding p values for individual country. As shown in Table 1, momentum anomaly is 
a global phenomenon. 12 out of the 13 G12 countries (except for Japan) exhibit significant 
abnormal returns, which range from 1.02% in Belgium to 0.47% in Canada. These results are 
consistent to momentum return patterns reported in international markets (Griffin et al. 2003). In 
this table, the percentages of market size to total stock value of the world for each country is 
also reported. These G12 countries consist of 84.37% of total world market value. It suggests 
that the sample size is large and representative for the global market. 
 

The average risk factors f or both Fama-French model and the alternative model are 
summarized in Table 2. Monthly averages and standard deviations for market excess return RM, 
size risk factor SMB, value risk factor HML, and momentum factor MOM are reported. For 
comparison, Table 2 also reports averages and standard deviations for investment factor IA and 
ROA factor. As shown in this table, these risk factors vary dramatically within a country as 
evidenced by high standard deviations, and across countries. For example, SMB ranges from - 
0.48% in Germany to 0.35% in Australia. IA and ROA factors have more in-country variations 
than SMB and HML factors. 
 

IA factors in Table 2 indicate that average monthly returns are positive i n most countries 
for investors holding stocks with low investment-to-asset ratios and shorting stocks with high 

investment-to-asset ratios. In order to examine if IA factor captures stock return variations 

different from CAPM and Fama- French model, regression analyses are applied. Regression 
results are reported in Table 3. The same analysis is conducted for ROA factors, and results are 

present in Table 4. Both Table 3 and Table 4 present consistent evidence. IA and ROA factors 
capture stock return variations that are not captured by traditional valuation models. Alphas from 

both CAPM and Fama-French model remain significant for many of the G12 countries. For 
example, IA factors are not explained by CAPM model for Canada, Japan, Netherlands, Spain, 

Sweden, U.K. and U.S. at 10% significance level. It is not explained by Fama-French model for 
Australia, Canada, U.K, and U.S. ROA factors are not explained by CAPM model for Belgium, 

Canada, France, Germany, Sweden, and U.S, while not explained by the Fama-French model for 
Australia, Belgium, Canada, France, Germany, Netherlands, Sweden, and U.S. These results 

provide evidence that IA and RO A factors capture stock return variations differently from both 
CAPM and Fama-French model. 
 

Table 5 reports comparisons of risk adjusted momentum returns between Fama-
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French model and the alternative model, which are the main results of this study. All stocks in 
each country are divided into quintile s according to the ranking of momentum. Five 
portfolios are formed monthly using the “6/1/6” convention.  

Table 5 presents alphas f or losers, winners, and winners-minus-losers (W -L) portfolios 
and the corresponding p values. There are several interesting observations in Table 5. First, 12 
out of 13 G12 countries (except for Japan) have significant alphas. Stocks in U.S. market exhibit 
the largest momentum abnormal returns (1.701% from Fama-French model and 1.504% from 
the alternative model), while Canada has the lowest abnormal returns (0.641% from Fama-
French model and 0.287% from the alter native model). Second, comparing to Table 1, T able 5 
shows that abnormal monthly returns from the zero-cost trading strategy are not explained by 
either Fama-French or the alternative m odel, since all abnormal returns remain after adjusting 
for different risk factors. However, although the W-L alphas from the alternative model are still  
significant, they are smaller in magnitude than those from the Fama-French mod el for most of the 

countries. The last column in Table 5 reports the reduction in alpha values in percentage. Except 
for Japan (no significant alphas observed) and Italy (small increase in alp ha 5.95%), the biggest 

drop is from Canada (-55 .23%), while the smallest drop is from Australia (-7.36%).  
Momentum has been reported to be persistent across world, except for Asian countries, 

such as Japan and China (Griffin et al. 2003). These results are consistent with previous findings. 
Results in Table 5 demonstrate t hat the higher explanatory power for the alternaive three-factor 
model is evident for most of the G12 countries. G12 countries represent 84.37% of global market 
capitalization. This finding provides strong support for the alternative model in global equity 
market. Although it is not powerful to drive away abnormal returns, the alternative model 
outperforms the traditional Fama -French model in reducing the magnitude of alp has. 
 

Despite strong evidence i n Table 5, it is possible that these results are driven by some 
factors other than momentum itself. Size effect is the most likely potential factor . To control for 
potential size effect, 25 size and momentum portfolios are formed (Jegadeesh an d Titman, 
1993). Regression analyses are conducted using both Fama-French and the alternative model. As 
shown in Table 6, after controlling for potential size effect, abnormal returns still exist for most 

of the size groups in both models for each country. F-statistics FGRS (Gibbons, Ross, an d 

Shanken, 1989) and their p-values show that the joint tests of alphas of all portfolios being zero 
are rejected for both models.  

Table 6 also compares alphas between Fama-French model and the alterative model. 
Similar to the results in Table 5, almost all alphas from each size group decrease in magnitude 
after using the alternative model. The percentages of reduction range from -4.39% (medium size 
group in Germany) to -70.72% ( big size group in France), without considering Japan. There are 
few positive percentages in the last column, which indicate an increase in alpha value for the 
alternative model. However, the reduction of alpha values is an overwhelming common 
observation in Table 6, which suggests that additional explanatory power of the alternative 
model is not a result caused by size effect. 

 

CONCLUSION 

 

This paper investigates whether the newly developed alternative three-factor model has 
additional explanatory power in explaining momentum anomaly. By forming a zero-cost trading 

strategy, this study demonstrates the existence of momentum abnormal returns in 12 out of 13 
G12 countries. These abnormal returns cannot be explained by the Fama-French model. The 

results are consistent with current literature. A significant reduction in alpha values is 
documented for almost all countries when the alternative three-factor model is applied. This 

paper provides further evidence that the higher explanatory power is not driven by size effect 
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across countries. Although this study provides strong evidence to support the alternative three-

factor model, it is not comprehensive. For instance, it does not consider transact ion costs in 
portfolio returns. The analyses d o not address potential effects from other well-known 

anomalies, such as asset growth, value, etc. either. These issues may be considered in future s 
studies. Overall, this study suggests that the new alternative model need to be considered when 

study momentum in global market. 
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