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This essay describes the g-factor model that Prof. Kewei Hou at The Ohio State University, Prof.
Chen Xue at University of Cincinnati, and I jointly developed. Our paper, titled “Digesting
anomalies: An investment approach,” was published as the leading article in the March 2015
issue of Review of Financial Studies. Since publication, the g-factor model has rapidly become a
leading, workhorse model for estimating expected stock returns in empirical finance.

1. Background

Modern academic finance consists of two large building blocks, Corporate Finance and Asset
Pricing. Corporate Finance studies optimal investment and financing policies of firms, and Asset
Pricing studies optimal portfolio choices of investors and the determinants of expected security
returns. Modern academic finance was born in the early 1950s. From 1960s to late 1980s, the
leading asset pricing model is the Capital Asset Pricing Model, The CAPM, developed by Sharpe
(1964) and Lintner (1965). In the early 1990s, in response to empirical failures of the CAPM,
Fama and French (1993) propose their three-factor model. Carhart (1997) adds the momentum
factor into the three-factor model to form a four-factor model. The Fama-French-Carhart four-
factor model has been the dominant model in empirical finance in the past two decades.
Subsequent to our work on the g-factor model in Hou, Xue, and Zhang (2015), Fama-French
(2015) incorporate two new factors that resemble our g-factors into their original three-factor
model to form a five-factor model.

The CAPM predicts that a stock’s expected risk premium equals its market risk times the
expected market risk premium. Empirically, in the regression of the stock’s realized risk
premiums on realized market risk premiums, the intercept measures the stock’s abnormal return
(alpha), and the slope measures its market risk (beta). If the CAPM is correct, alpha should not
be statistically different from zero.

Originally derived from an individual investor’s optimal portfolio choice problem, the CAPM

has a solid theoretical foundation. Alas, the empirical literature in finance and accounting has
accumulated a mountain of patterns in the data that the CAPM cannot explain. These patterns are
often referred to as anomalies. In Hou, Xue, and Zhang (2016), we examine in total 437 variables,
and find that 161-216 variables have statistically significant predictive power for future stock
returns, depending on specific empirical procedures.

! This is an English translation of my article published at Tsinghua Financial Review 37, 101-104, in Chinese.
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The voluminous literature on asset pricing anomalies shows that it is necessary to seek for a
better model than the CAPM. Building on the CAPM, Fama and French (1993) add a size factor
(SMB) and a value factor (HML). Size is measured as a stock’s market equity, and value is
measured as the ratio of a stock’s book value of equity divided by its market equity. Carhart
(1997) subsequently adds a momentum factor (UMD). Although widely used, these models are
entirely empirical in nature, devoid of theoretical foundation. As such, it is an open question why
these models would work in the data. Data mining, time-varying expected returns, or mispricing?

Our g-factor model has four factors: (i) the market factor; (ii) the size factor; (iii) the (real)
investment factor, in which investment is measured as the total growth rate of book assets; and
(iv) the return-on-equity (ROE) factor, in which ROE is quarterly earnings scaled by one-
quarter-lagged book equity, and measures a firm’s accounting profitability.

The g-factor model has won the “endorsement” from Fama and French (2015), who incorporate
similar investment and profitability factors into their three-factor model to form a five-factor
model. Although their construction procedure differs somewhat from our original investment and
profitability factors, the economic concept underlying their factors is (virtually) identical to ours.

Table 1 : History, the g-factor model versus the Fama-French five-factor model

The g-factor model:

Neoclassical factors July 2007
An equilibrium three-factor model January 2009
Production-based factors April 2009
A better three-factor model that explains June 2009
more anomalies
An alternative three-factor model April 2010, April 2011

Digesting anomalies: An investment approach | October 2012, August 2014

The Fama-French five-factor model:

A four-factor model for the size, value, and June 2013
profitability patterns in stock returns
A five-factor asset pricing model November 2013, September 2014

Most important, our g-factor model predates the Fama-French five-factor model by three to six
years. Table 1 reports the historical evolution of the two competing models. It took eight long
years for the g-factor paper to progress from the conception of initial ideas to formal publication.
The first draft, titled “Neoclassical factors,” was circulated in July 2007 as NBER working paper
#13282. The first draft already used the investment factor to replace the value factor in Fama and
French (1993), and the profitability factor to replace the momentum factor in Carhart (1997) as
key factors for the cross section of expected stock returns. Afterward, the title of each subsequent
draft changed from the last, because | was trying hard to avoid the title in the June-2009 draft.
While going through peer reviews at Journal of Finance, | was urged repeatedly to use the title
“A better three-factor model that explains more anomalies.” Unfortunately, in the first four drafts,
including the June-2009 draft, the empirical procedure of the ROE factor was flawed. The same
flawed procedure was also used to form monthly sorted testing portfolios. After the procedure




was corrected in the April-2010 draft, the paper limped for one more year at Journal of Finance,
and was formally rejected in April 2011. Persisting through the darkest times of my career, |
rebuilt my team with Prof. Kewei Hou and Prof. Chen Xue. We put a new draft together in
October 2012, with the title “Digesting anomalies: An investment approach” (NBER working
paper #18435). After almost two years of rigorous peer reviews and revisions, the paper was
accepted in August 2014, and published in March 2015 at Review of Financial Studies.

Fama and French (2013) initially only added a profitability factor into their three-factor model.
Subsequent drafts, starting from the November-2013 draft, also added an investment factor to
form their five-factor model, presumably to compete with the g-factor model. Isaac Newton once
said: “If I have seen further it is by standing on the shoulders of Giants.” | often tell self-mocking
jokes to my MBA students that in the case of the five-factor model, it is Giants who are standing
on our dwarf shoulders. And it took a lot out of us not to be crushed.

2. Foundation

An important advantage of the g-factor model over traditional models is its economic, conceptual
foundation. In economics, the neoclassical g-theory of investment is the leading economic theory
for explaining firms’ real investment behavior. The theory’s essence is just the Net Present Value
(NPV) rule of capital budgeting in Corporate Finance. The NPV of a project is its present value
(discounted value of future cash flows) minus its investment costs today. The NPV rule says that
a manager should invest in a given project, if and only if the present value of the project is
greater than or equal to its investment costs. For a manager, it is possible that there exist many
initial projects with nonnegative NPVs. The manager would start with the project with the
highest NPV, and work her way down the supply of projects. A good project would have a low
discount rate, high profitability, and low investment costs. As the manager invests in more and
more projects, their investment costs would become higher and higher, and their profitability
lower and lower. For the last infinitesimal project that the manager takes, its NPV equals zero:

Investment costs = Present value = Profitability/Discount rate.

The imagination of the g-factor model is to use the NPV rule, which is a fundamental principle in
Corporate Finance, as an Asset Pricing model. Traditional Asset Pricing models, such as the
CAPM, are derived from the perspective of individual investors, having no direct bearings with
firms’ accounting variables. But after half a century of the CAPM, all we have to show for is the
anomalies literature. In contrast, the g-factor model is motivated from a fundamentally new
perspective based on the value maximization of firms. Rewriting the NPV rule yields:

Discount rate = Profitability/Investment costs.

Relative to profitability, high investment firms incur higher investment costs, meaning that their
discount rates and expected returns must be low. Relative to investment, high profitability firms
must have high discount rates and high expected returns. In all, investment and profitability are
the key determinants of the cross section of expected stock returns.



3. Evidence

The g-factor model performs well in the data. Hou, Xue, and Zhang (2016) show that from

January 1967 to December 2014, the investment factor earns on average 0.43% per month, or 5.2%
per annum, and the ROE factor earns on average 0.56% per month, or 6.7% per annum. Both t-
statistics are above 5, meaning that the average returns of the g-factors are very reliable. The
Carhart four-factor model cannot explain the g-factor returns. Regressing our investment factor

on the Carhart model yields an alpha of 0.29% per month (t=4.57), and regressing our ROE

factor on the Carhart model yields an alpha of 0.51% (t=5.58). The Fama-French five-factor

model cannot explain the g-factor returns either. The five-factor alpha of our investment factor is
0.12% (t=3.35), and the five-factor alpha of our ROE factor is 0.45% (t=5.6).

For the Fama-French five-factor model in the same sample, their profitability factor, denoted
RMW, earns on average 0.27% per month (t=2.58), or 3.24% per annum. Their investment factor,
CMA, earns on average 0.34% per month (t=3.63), or 4.08% per annum. The Carhart four-factor
model cannot explain the average returns of the new factors. The Carhart alpha of RMW is 0.33%
per month (t=3.31), and the Carhart alpha of CMA is 0.19% (t=2.83). More important, the g-

factor model completely captures the “new” Fama-French factors. Regressing RMW returns on

the g-factor model yields a tiny alpha of 0.04% (t=0.42), and regressing CMA returns on the g-
factor model yields a miniscule alpha of 0.01% (t=0.32). In all, the evidence from the factor
spanning tests shows that the five-factor model cannot explain the g-factor premiums, but the g-
factor model can entirely explain the five-factor premiums.

| also compare the performance of the g-factor model with the performance of the Fama-French
five-factor model in explaining several classic anomalies, including value, momentum, and
quality. A common measure of value is book-to-market equity, Bm, defined as the book equity
(total assets minus total debt) divided by the market equity of a public company. The high-
minus-low Bm decile earns on average 0.59% per month (t=2.84), or 7.1% per annum. The g-
factor model reduces the significant average return to an insignificant alpha of 0.18% per month
(t=1.15). The investment factor plays a key role in doing so, with a loading of 1.33 (t=13). In
addition, because of its value factor, the Fama-French five-factor model reduces the average
return of the high-minus-low Bm decile to only 0.01% (t=0.12).

A popular measure of momentum investing is prior six-month returns, R®6. The high-minus-low
R®6 decile earns on average 0.82% per month (t=3.49), or 9.84% per annum. Its g-factor alpha,
however, is only an insignificant 0.24% per month (t =0.78). The ROE factor is the key driving force
of this result, with a high loading of 0.99 (t =5.33). Intuitively, stocks with high prior six-month returns
are also more profitable than stocks with low prior six-month returns. Controlling for ROE goes a long
way toward explaining momentum profits. In contrast, the Fama-French five-factor model cannot explain
momentum, with an alpha of 0.97% (t =3.5). As a profitability factor, their RMW is ineffective.

Finally, | measure quality as the four-quarter change in ROE, denoted dRoel, defined as the latest
quarter’s ROE minus the ROE from four quarters ago. The high-minus-low dRoel decile earns on
average 0.76% per month (t=5.43), or 9.12% per annum. The g-factor model reduces the average return to
0.34%, albeit still significant (t=2.29). The five-factor model is again ineffective, with an alpha of 0.79%
(t =5.39). In all, the g-factor model is more effective than the five-factor model in explaining anomalies.



4. Application

Factor investing has become increasing popular in the investment management industry.
Quantitative investment strategies have long been adopted by hedge funds in search of superior
returns. Figure 1 reports the performance of two hypothetical index funds based on g-factors.
Suppose we invest $1 in the S&P 500 index fund in January 1967. The $1 investment would
grow to $117 by December 2014. Among the two g-funds, the big-ME-low-1/A-high-ROE fund
value-weights all stocks traded on NYSE, Amex, and NASDAQ that simultaneously have market
equity above the median NYSE market equity, investment-to-assets below the bottom 30th
percentile at NYSE, as well as ROE above the top 30th percentile at NYSE. With the same $1
initial investment in January 1967, this fund would grow to $369 by December 2014. Most
important, the small-ME-low-1/A-high-ROE fund value-weights all stocks that simultaneously
have market equity below the NYSE median but above its bottom 20th percentile, investment-to-
assets below the bottom 30th percentile at NYSE, as well as ROE above the top 30th percentile
at NYSE. With the same $1 initial investment in January 1967, this fund would grow by
December 2014 to $9,402! The annualized return across the 48-year period is 20.5%.

It should be emphasized that this fund comes with risk as well. During the 2007-2009 financial
crisis, the cumulative return of this fund drops from around $4,000 to $2,000. Afterward, the
fund’s performance rebounds rapidly, as the crisis subsides. The figure only serves to illustrate
the business potential of the g-factor model in the investment management industry. In practice,
a portfolio manager can apply proper risk management techniques to alleviate the downside risk.

5. Conclusion

This essay summarizes the g-factor model that Prof. Kewei Hou, Prof. Chen Xue, and I jointly
developed. In our model, a stock’s expected return is described by its exposures to four factors,
including the market, size, investment, and ROE factors. Upon publication, the model has rapidly
established itself as a leading, workhorse model for estimating expected stock returns in
empirical finance. Looking forward, we are applying the g-factor model to global stock markets,
including developed markets other than the U.S., as well as emerging markets such as China.



Figure 1 : Hypothetical g-funds, January 1967-December 2014

This figure reports cumulative returns of three index funds, defined as wealth accumulated from
an initial investment of $1 in January 1967. The black line is for the S&P 500 fund, the blue line
for the big-ME-low-1/A-high-ROE fund, and the red line for the small-ME-low-1/A-high-ROE
fund. The returns are value-weighted.
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