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Abstract Motivated by investment-based asset pricing, we show that two firm funda-
mentals, investment and profitability, have substantial predictive power for REIT
returns. The return predictability of investment and profitability is not subsumed by
conventional models and can be useful for understanding the cross section of expected
REIT returns. To illustrate, we construct an investment-based factor model for REITs
that consists of a market factor, an investment factor, and a profitability factor. The
investment-based model outperforms conventional models in capturing well-known
cross-sectional patterns in REIT returns. Our findings suggest that incorporating
investment-based asset pricing can be a promising direction for future real estate
finance research.

Keywords REITs . Asset pricing

Introduction

A growing investment-based asset pricing literature shows that variations in asset
returns can be understood from the perspective of corporate investment decisions
(e.g., Cochrane 1991, Berk et al. 1999, and Zhang 2005a, b). The key insight is
straightforward: Investment decisions reflect corporate managers’ expectation about
the riskiness of future cash flows. Therefore, we can extract information about the
unobservable riskiness of future cash flows from the observable corporate investment
decisions. This insight is supported by extensive empirical evidence (e.g., Cochrane 1996,
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Liu et al. 2009, and Hou et al. 2015a, b). For example, Hou et al. (2015a) show that their
investment-based q-factor model provides a better fit for the cross section of common stock
returns than leading conventional models.

We propose incorporating the investment-based asset pricing into real estate finance
research. In particular, we apply it to understand the expected returns of real estate
investment trusts (REITs). The investment-based model suggests that two firm funda-
mentals, investment and profitability, provide useful information about discount rates
(expected returns).1 The basic idea follows the principle of capital budgeting: Firms will
invest more when profitability is high and the discount rate is low. Controlling for
profitability, high investment implys low discount rates. Controlling for investment,
high profitability signals high discount rates.

We show that investment and profitability have substantial predictive power for
REIT returns. From 1994 to 2013, REITs with the highest 20 % investment rates
underperform REITs with the lowest 20 % investments by 0.36 % per month
(t = −1.98), while REITs with the highest 20 % profitability beat REITs with the lowest
20 % profitability by 0.70 % per month (t = 2.90). The predictive power of investment
and profitability cannot be subsumed by conventional models widely used in the REIT
literature. For example, the model-adjusted return spread related to profitability in-
creases to 0.90 % per month (t = 4.77) for the Fama-French three-factor model and
0.80 % per month (t = 4.16) for the Carhart four-factor model.

We then show that the return predictability of investment and profitability can be
useful for understanding the cross section of expected REIT returns. To illustrate, we
construct an investment-based three-factor model for REITs that consists of a market
factor, an investment factor, and a profitability factor. Compared with the conventional
models, the investment-based model does a better job in matching return variations
associated with price momentum, earnings surprise, idiosyncratic volatility, and share
turnover. For example, the investment-based model produces a high-minus-low pricing
error of 0.26 % per month (t = 1.56) across quintile portfolios sorted on earning
surprise. In contrast, the high-minus-low error is 0.70 % per month (t = 3.82) for the
Fama-French model and 0.52 % per month (t = 2.94) for the Carhart model. Our
findings suggest that incorporating investment-based asset pricing into real estate
finance research is a promising direction.

Our study contributes to real estate finance by introducing new economic insights
from asset pricing research. The documented return predictability of investment and
profitability adds to the existing literature on the cross section of expected REIT returns
(e.g., Chui et al. 2003a, b, Hung and Glascock 2010, and Price et al. 2012). Moreover,
given its good empirical performance, the new investment-based model can serve as a
useful tool for empirical research and applications, such as assessing real estate fund
manager performance. Finally, by linking returns to the fundamentals of REITs, our
results suggest that well-known patterns in REIT returns may not necessarily be
attributed to market inefficiency (e.g., Price et al. 2012). Identifying the exact economic
forces behind the investment and profitability effects is an important question for future
research.

1 In the context of REITs, a good example of investment is property acquisition, while profitability is
determined by property income and price appreciation.
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Our study also adds to the asset pricing literature that studies the interaction between
asset prices and corporate investments. Cochrane (1991, 1996) first applies an invest-
ment model to study stock returns. Berk et al. (1999) construct real option models to
explain stock return anomalies. More recently, Liu et al. (2009) show that an
investment-based model can explain stock returns related to earnings surprise, book-
to-market, and corporate investment. Hou et al. (2015a) construct an investment-based
factor model that outperforms conventional models in pricing a wide range of stock
return anomalies. Our study differs by applying the investment-based model to the real
estate market. Given the economic importance of the real estate market, our study
serves as a valuable extension. In addition, the real estate market may provide certain
empirical advantages for testing the investment model. For example, non-real estate
companies often invest in a wider range of tangible and intangible assets. In contrast,
asset and investment decisions are more homogeneous for real estate companies.

The rest of the paper is organized as follows. We briefly review the related literature
in the next section. We then discuss our methodology in the third section and data and
measurement in the fourth section. In the fifth section, we document the empirical
evidence that support the predictions from investment-based asset pricing. The last
section concludes and discusses future directions.

Literature

Despite the extensive work on the cross section of stock returns, there are a more
limited set of papers on this topic in the real estate literature. Because of the unique
regulatory structure of REITs, along with many other types of financial stocks, REITs
are typically excluded from asset pricing studies of stock returns. However, there are
reasons to believe that REITs may yield useful insights into both asset pricing theory
and the nature of the underlying asset class. In particular, REITs are financial claims
associated with portfolios of investment-grade real estate assets. Such assets trade in
reasonably well-developed markets with a high degree of informational transparency.
This parallel asset market idea has been exploited by many other REIT studies and is
postulated to reduce the information uncertainty associated with REITs (at least to a
larger degree than most other common stocks, see for instance, Hartzell et al. 2010).
Furthermore, REITs are required to hold 75 % of their assets in real estate (or related
assets) and the long-term relationships between REIT returns and the performance of
the underlying assets is now well established (see Bond and Chang 2013 for a recent
review of this literature).

The prior literature in this area has identified two dominant features of the determi-
nants of the cross section of REIT returns: price momentum and earnings drift. The
importance of price momentum was identified by Chui et al. (2003a, b), and later
confirmed by Hung and Glascock (2008, 2010), Derwall et al. (2009), and Goebel et al.
(2013). The price momentum effect in the real estate market is pervasive and econom-
ically larger than found in common stocks (Chui et al. 2003b, and Derwall et al. 2009).

Another feature of REIT returns that warrants additional investigation is the finding
of a significant post earnings announcement drift (Price et al. 2012). The finding is
inconsistent with the perceived high information transparency for REITs. Furthermore,
the magnitude of this effect is stronger for REITs than common stocks. The connection
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between price momentum and earnings drift has been investigated by Feng et al.
(2014). The authors find that the two effects are negatively correlated and a trad-
ing strategy based on earnings drift dominates a price momentum strategy.

The paper most related to ours is Glascock, and Lu-Andrews (2014) who investigate
a profitability premium in REITs. They use a variety of profitability measures, includ-
ing FFO, but find gross profitability and return on equity measures to be preferred.
They also find that profitability dominates the size and book-to-market in cross-
sectional regressions. Their study focuses on the cross-sectional predictability of
profitability and does not consider the construction of common risk factors based on
these measures or the role of investment.

Methodology

Investment-based asset pricing model (e.g., Hou et al. 2015a) suggest that two firm
fundamentals, investment and profitability, provide useful information about discount
rates (expected returns). The intuition is straightforward: Firms will invest more when
profitability is high and discount rates are low. Controlling for profitability, high
investments are associated with low discount rates and thus should negatively predict
future returns. Controlling for investments, high profitability signals high discount rates
and should positively predict future returns. To test these theoretical predictions, we
first form REIT portfolios based on investment and profitability and see whether this
generates a significant spread in future returns. In addition, we test if any return
predictive power of investment and profitability can be subsumed by conventional
models.

We then follow the methodology of Hou et al. (2015a) and construct an investment-
based factor model for REITs that consists of a REIT market factor (rMKT), an
investment (investment-to-assets, I/A) factor (rI/A), and a profitability (return on equity,
ROE) factor (rROE):

E r½ �−r f ¼ βMKTE rMKT½ � þ βI=AE rI=A
� �þ βROEE rROE½ � ð1Þ

in which E[r] is the expected return of a REIT, rf is the risk-free rate, βMKT, βI/A
and βROE are the factor loadings, and E[rMKT] , E[rI/A] and E[rROE] are the correspond-
ing expected factor premiums. The REIT market factor is defined as the excess return
on the FTSE NAREIT All Equity REIT Index over the one-month Treasury bill rate.
The investment factor is defined as the difference in average returns between low-
investment REITs and high-investment REITs, while the profitability factor is defined
as the difference in average returns between high-profitability REITs and low-
profitability REITs.

The new model can be tested using the standard time-series factor regressions:

rt−r f ;t ¼ aþ b * rMKT ;t þ i * rI=A;t þ r * rROE;t þ et ð2Þ

in which rt − rf , t is the realized excess REIT return in period t, a is the intercept or
pricing error, b, i, and r are the slopes or estimated factor loadings on the market factor,
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the investment factor, and the profitability factor, and et is the residual. To evaluate the
model, we form testing portfolios based on well-known REIT return predictors and
examine the model’s ability to capture the resulting dispersions in future returns. If the
model performs well, then the pricing error a should be both economically and
statistically close to zero.

For comparison, we also examine the performance of three leadings conventional models
in the literature: The Capital Asset Pricing Model (CAPM), the Fama-French three-factor
model (Fama and French 1993, 1996), and the Carhart four-factor model (Carhart 1997):

CAPM: E r½ �−r f ¼ βMKTE rMKT½ � ð3Þ

Fama−French: E r½ �−r f ¼ βMKTE rMKT½ � þ βSMBE rSMB½ � þ βHMLE rHML½ � ð4Þ

Carhart: E r½ �−r f ¼ βMKTE rMKT½ � þ βSMBE rSMB½ � þ βHMLE rHML½ � þ βUMDE rUMD½ �
ð5Þ

in which βMKT, βSMB, βHML and βUMD are the factor loadings on the market factor
(rMKT), the size factor (rSMB), the book-to-market (B/M) factor (rHML) and the momen-
tum factor (rUMD), and E[rMKT], E[rSMB] , E[rHML] and E[rUMD] are the corresponding
expected factor premiums.

Data and Measurements

Our analysis focuses on the universe of equity REITs as identified by the National
Association of Real Estate Investment Trusts (NAREIT). The sample includes 356
unique equity REITs traded on NSYE, Amex, and Nasdaq from 1994 to 2013. Monthly
return data are from CRSP and annual and quarterly accounting data are from
Compustat. The common stock-based conventional factors are from Ken French’s
website. Following the REIT literature, we also construct the REIT-based version of
the conventional factors.2

We measure investment as investment-to-assets (I/A), which is defined as the annual
growth rate in non-cash assets (Compustat item AT minus item CHE).3 Growth in non-
cash assets is a comprehensive measure of investments in different productive assets
(e.g., fixed assets and working capital).4 We measure profitability as quarterly return on
equity (ROE), defined as quarterly income before extraordinary items (item IBQ)

2 The construction of the REIT-based conventional factors is described in Appendix B.
3 Including cash holdings in total assets produces similar results. We exclude the cash holding component
because it does not represent investments in productive assets. For example, Cooper et al. (2008) show that the
cash holding component of asset growth does not carry much information about the future returns of common
stocks.
4 We found similar results using the annual growth rate in net real estate investment or net property investment
from SNL financial.
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divided by one-quarter-lagged book equity.5 Book equity is shareholders’ equity, plus
balance sheet deferred taxes and investment tax credit (item TXDITCQ) if available,
minus the book value of preferred stock (item PSTKQ). Depending on availability, we
use stockholders’ equity (item SEQQ), or common equity (item CEQQ) plus the book
value of preferred stock, or total assets (item ATQ) minus total liabilities (item LTQ) in
that order as shareholders’ equity. Annual investment rate is considered known four
months after the corresponding fiscal year end. Quarterly ROE becomes known on the
earnings announcement date (item RDQ).

Table 1 presents the summary statistics for the NAREIT equity REIT sample.
The unique number of REITs ranges from 105 in 2009 to 195 in 1998, while
their average market capitalization grows steadily from 223 million dollars in
1994 to 4.28 billion dollars in 2013. The median REIT in our sample has an
annual investment rate of 10.44 % and a quarterly ROE of 1.70 %. Both
investment and profitability vary substantially across REITs. For example, the
top 5 % REITs expand their assets by 95.76 % while the bottom 5 % REITs
shrink their assets by 9.61 %. Investment and profitability have a positive rank
correlation of 0.17, as more profitable REITs tend to invest more. High-investment
REITs tend to have somewhat lower B/M and lower recent past returns than low-
investment REITs.6 Meanwhile, high-profitability REITs tend to be growth firms with
good recent returns, positive earnings surprise, low idiosyncratic risk, and low share
turnover.

Results

We first show that investment and profitability can predict future returns of REITs and
such predictability cannot be subsumed by the conventional models. We then construct
return factors based on investment and profitability, and show that an investment-based
three-factor model can match the cross section of expected REIT returns better than the
conventional models.

Return Predictability Tests

Sorting on Investment and Profitability Separately

At the beginning of each month, we rank REITs into five portfolios based on their
annual investment rates or profitability. We calculate the value-weighted portfolio
returns and rebalance the portfolios monthly. Consistent with theory, Panel A of
Table 2 shows that high investments are associated with low average future returns.
As investment increases, portfolio excess return decreases almost monotonically from
1.05 % per month to 0.70 % per month. The spread of −0.36 % per month is

5 The REIT industry often promotes the use of (adjusted) funds from operation (FFO) as profitability measure.
However, Vincent (1999) show that the GAAP net income provides (marginally) the most information about
REIT performance among alternative measures of profitability. Using quarterly FFO data from SNL financial
produces similar results.
6 Detailed definitions for the conventional characteristics are documented in Appendix A.
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economically meaningful and statistically significant at the 5 % level. In addition, both
the CAPM and the Fama-French model have trouble capturing this spread.7 The high-
minus-low error is −0.44 % per month (t = −2.33) for the CAPM and −0.39 % per
month (t = −2.14) for the Fama-French model. The Carhart model produces a more
moderate high-minus-low error of −0.25 % per month (t = −1.38).

In Panel B of Table 2, more profitable REITs earn higher future returns than less
profitable REITs. As profitability increases, portfolio excess return rises monotonically
from 0.33 % per month to 1.03 % per month. The large spread of 0.70 % per month
(t = 2.90) widens even further after benchmark adjustment. For example, high-
profitability REITs Bbeat^ low-profitability REITs by 0.80 % per month (t = 4.16)
according to the Carhart model. All three conventional models produce average pricing

Table 1 Descriptive statistics for NAREIT equity REIT sample (1/1994 to 12/2013, 240 months)

Panel A: Number of unique REITs Panel B: Distributional statistics for REIT characteristics

Year #REITs Mean ME Mean S.D. p5 P25 P50 P75 p95

1994 177 223 I/A (%) 21.12 36.88 −9.61 1.55 10.44 26.89 95.76

1995 183 243 ROE (%) 1.86 3.61 −2.39 0.77 1.70 2.66 6.22

1996 183 333 ME ($Mil.) 1632 2105 95 362 887 1873 6767

1997 193 560 B/M 0.71 0.40 0.23 0.46 0.64 0.87 1.48

1998 195 725 MOM (%) 13.06 20.16 −17.22 1.27 12.13 23.83 45.40

1999 182 716 SUE 0.12 1.51 −2.18 −0.47 0.05 0.65 2.69

2000 169 761 IVOL (%) 1.50 0.80 0.75 1.04 1.30 1.67 3.02

2001 162 883 TO (%) 0.56 0.28 0.16 0.37 0.57 0.72 1.00

2002 157 1011

2003 156 1160

2004 165 1497

2005 164 1810 Panel C: Correlations between REIT characteristics (Spearman)

2006 153 2410 ROE ME B/M MOM SUE IVOL TO

2007 130 2949 I/A 0.17 0.07 −0.11 −0.10 0.04 −0.07 −0.06
2008 110 2363 ROE 0.04 −0.33 0.10 0.36 −0.16 −0.24
2009 105 1735 ME −0.45 0.13 0.01 −0.29 0.57

2010 118 2649 B/M −0.03 −0.05 0.21 −0.25
2011 126 3279 MOM 0.13 −0.25 0.01

2012 132 3851 SUE −0.05 −0.08
2013 144 4280 IVOL 0.00

Panel A lists the number of unique REITs in our NAREIT sample and their average market equity (in million
dollars) each year from 1994 to 2013. Panel B presents the time-series averages of the cross-sectional mean,
standard deviation (S.D.), and percentiles for REIT characteristics. The REIT characteristics include
investment-to-assets (I/A), return on equity (ROE), market equity (ME), book-to-market equity (B/M), price
momentum (MOM), standardized unexpected earnings (SUE), idiosyncratic volatility (IVOL), and share
turnover (TO). Panel C presents the Spearman rank correlations between REIT characteristics

7 For brevity, our discussion focuses on results using the REIT-based conventional factors. Using the common
stock-based conventional factors produces similar or stronger results in favor of our conclusions (results are
available upon request).
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errors of around 0.20 % for the quintile portfolios and are rejected by the GRS test,
which indicates their inability to subsume the return predictive power of profitability.

Sorting on Investment and Profitability Jointly

Theoretically, the relation between investment (profitability) and expected return is
conditional on holding profitability (investment) constant. Meanwhile, investment and
profitability tend to be positively correlated in the data. Hence, the predictive power of
investment and profitability can offset each other in separate unconditional sorts. To
better examine their power, we sort on investment and profitability jointly. At the
beginning of each month, we sort REITs into three groups based on their annual
investment rates and independently into three groups based on their profitability. 8

The two-way sort produces nine portfolios, which are value-weighted and rebalanced
monthly. For comparison, we also form three portfolios based on either investment or
profitability.

In Table 3, portfolio excess returns decrease with investment but increase with
profitability, consistent with our earlier findings. For example, when holding
profitability low, low-investment REITs outperform high-investment REITs by
0.61 % per month (t = 2.70). All three models have trouble matching this spread:
The low-minus-high error ranges from 0.46 % (t = 1.96) for the Carhart model to
0.68 % (t = 3.15) for the CAPM. The low-minus-high return spread related to
investment is on average 0.37 % per month across the three profitability groups.
In contrast, the spread is only 0.26 % per month when we do not control for
profitability.

The high-minus-low return spread related to profitability is 0.67 % per month
(t = 2.91) for high-investment REITs, 0.29 % (t = 1.25) for medium-investment
REITs, and 0.46 % (t = 1.69) for low-investment REITs. The conventional
models cannot capture the spreads in both the high- and low-investment groups.
For example, the Carhart model produces high-minus-low errors of 0.63 %
(t = 2.29) and 0.54 % (t = 2.33) respectively. The average conditional spread
related to profitability is 0.47 % per month across the three investment groups,
which is close to the unconditional spread of 0.48 %.

Combining both investment and profitability produces the strongest spread in future
REIT returns. The average excess return is 1.22 % per month for REITs with low
investment and high profitability, but only 0.15 % per month for REITs with high
investment and low profitability. The spread of 1.06 % per month (t = 3.85) is highly
significant and cannot be explained by any of the conventional models. The pricing
error is 1.36 % (t = 5.29) for the CAPM, 1.40 % (t = 5.35) for the Fama-French model,
and 1.00 % (t = 4.22) for the Carhart model.

Overall, our results confirm the theoretical predictions that Investment and profit-
ability provide useful information about the expected returns of REITs. Since such
information is not captured by the conventional models, incorporating investments and
profitability to a benchmark model could be beneficial for modeling the expected
returns of REITs.

8 Due to the limited sample size, we sort REITs into only three groups, instead of five, to make sure that the
portfolios are reasonably diversified.
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An Investment-Based Three-Factor Model

Following Hou et al. (2015a), we construct new factors using a two-way independent
sort on investment and profitability.9 Specifically, at the beginning of each month we

Table 3 Three by three investment-to-assets and ROE portfolios (1/1994 to 12/2013, 240 months)

Low ROE 2 High ROE H-L All Low ROE 2 High ROE H-L All

r−r f t
r−r f

High I/A 0.15 0.75 0.83 0.67 0.70 0.33 2.14 2.02 2.91 1.85

2 0.53 0.72 0.82 0.29 0.75 1.19 1.93 2.25 1.25 2.01

Low I/A 0.76 0.85 1.22 0.46 0.95 1.64 2.31 3.67 1.69 2.70

L-H 0.61 0.10 0.39 1.06 0.26 2.70 0.58 1.55 3.85 1.64

All 0.47 0.74 0.96 0.48 1.07 2.09 2.82 2.59

aCAPM (m.a.e. = 0.22, p-val = 0.01) taCAPM
High I/A −0.75 0.04 0.04 0.79 −0.08 −4.80 0.40 0.22 3.35 −1.15
2 −0.22 −0.06 0.07 0.28 −0.02 −1.11 −0.59 0.62 1.20 −0.27
Low I/A −0.08 0.13 0.60 0.68 0.26 −0.44 0.93 3.58 2.77 2.30

L-H 0.68 0.09 0.57 1.36 0.34 3.15 0.49 2.03 5.29 2.08

All −0.37 0.00 0.24 0.61 −3.19 0.00 3.64 3.66

aFF (m.a.e. = 0.24, p-val = 0.00) taFF
High I/A −0.84 0.05 0.08 0.92 −0.08 −5.03 0.52 0.46 3.41 −1.12
2 −0.25 −0.08 0.05 0.30 −0.03 −1.37 −0.80 0.45 1.39 −0.43
Low I/A −0.11 0.10 0.56 0.68 0.24 −0.69 0.77 3.46 3.07 2.11

L-H 0.72 0.05 0.48 1.40 0.32 3.28 0.28 1.71 5.35 1.94

All −0.41 0.01 0.26 0.66 −3.89 0.09 4.43 4.56

aCarh (m.a.e. = 0.18, p-val = 0.03) taCarh
High I/A −0.59 −0.04 0.04 0.63 −0.06 −3.59 −0.35 0.22 2.29 −0.76
2 −0.24 −0.02 0.12 0.36 0.03 −1.18 −0.25 1.07 1.56 0.43

Low I/A −0.13 −0.03 0.41 0.54 0.12 −0.71 −0.25 2.63 2.33 1.09

L-H 0.46 0.01 0.37 1.00 0.18 1.96 0.04 1.34 4.22 1.06

All −0.32 −0.04 0.22 0.54 −2.79 −0.76 3.53 3.35

At the beginning of each month, we sort REITs into three groups based on their investment-to-assets (I/A) and
independently into three groups based on their return on equity (ROE). The two-way sort produces nine
portfolios for which we calculate the value-weighted monthly returns. We also form one-way tercile portfolios
based on one variable only. For each portfolio, we report the mean monthly return in excess of the one-
month T-bill rate, the CAPM regression (r − rf = aCAPM + b * rMKT + e), the Fama-French three-factor regres-
sion (r − rf = aFF+ b * rMKT + s * rSMB + h * rHML + e), and the Carhart four-factor regression (r − rf = aCarh +
b * rMKT + s * rSMB + h * rHML +w * rUMD + e). m.a.e. is the average magnitude of the pricing errors (i.e.,
regression intercept a) across a given set of testing portfolios. The p-values are for the Gibbons et al.
(GRS 1989) test of the null hypothesis that the pricing errors are jointly zero for all portfolios. The
t-statistics are adjusted for autocorrelations and heteroscedasticity

9 Hou et al. (2015a) construct a four-factor model that consists of a market factor, a size factor, an investment
factor, and a profitability factor. To construct their factors, they form 18 portfolios using a two by three by
three independent sort on size, investment, and profitability. Due to the limited sample size of REITs, we do
not sort on size and thus do not include the size factor in our test.
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sort REITs into three groups based on their investment and independently into three
groups based on their profitability. The two-way sort produces nine portfolios, which
are value-weighted and rebalanced monthly. The investment factor (rI/A) is computed as
the difference (low-minus-high) between the simple average of the returns on the three
low-investment portfolios and the simple average of the returns on the three high-
investment portfolios. The profitability factor (rROE) is computed as the difference
(high-minus-low) between the simple average of the returns on the three high-
profitability portfolios and the simple average of the returns on the three low-
profitability portfolios.

Table 4 summarizes the properties of the new factors. In Panel A, the investment
factor has an average return of 0.37 % per month (t = 2.45), which is statistically
significant at the 5 % level. The conventional models cannot subsume the investment
factor’s power. For example, the Fama-French model explains only 8 % of its variations
and its model-adjusted mean is 0.42 % per month (t = 2.63). The investment factor has
moderate correlations with the conventional factors, ranging from −0.24 to 0.23.
Therefore, the investment factor seems to capture a new dimension of REIT returns.

Similarly, the profitability factor also captures return variations unaccounted for by
the conventional models. The profitability factor has a mean of 0.47 % per month
(t = 2.67), which increases further to more than 0.50 % after controlling for the
exposures to the conventional factors. The profitability factor is correlated with the
momentum factor (0.48) and the value factor (−0.52), but even the Carhart four-factor
model can explain only 37 % of its variations. Finally, the correlation between the two
new factors is only 0.04. Hence, they appear to capture independent variations in REIT
returns.

In Panel B of Table 4, the conventional (non-market) factors have much weaker
return predictive power, compared with the new factors. The average monthly premium
is only 0.19 % (t = 1.45) for the size factor and 0.10 % (t = 0.60) for the B/M factor. The
insignificant size and value premiums after 1990 are consistent with earlier evidence
(e.g., Chui et al. 2003a, b). The monthly premium of the momentum factor is somewhat
higher at 0.30 % (t = 0.94), but is statistically insignificant and drops to only 0.08 %
after controlling for the exposures to the new factors.10

Testing the Investment-Based Model

We form testing portfolios of REITs based on well-known return predictors and
examine the model’s ability to capture the dispersions in future returns. Specifically,
we form monthly value-weighted quintile portfolios based on price momentum, earn-
ings surprise, idiosyncratic volatility, and share turnover.11 Chui et al. (2003a, b) show
that price momentum and to a lesser extent share turnover are important predictors of
REIT returns. More recently, Price et al. (2012) and Feng et al. (2014) document a
strong earnings surprise effect. DeLisle et al. (2013) show that idiosyncratic volatility
risk is priced in the cross section of REIT returns.

10 The relatively low momentum factor premium from 1994 to 2013 is consistent with the finding of Feng
et al. (2014) and can be partly attributed to the poor momentum return after the 2008 financial crisis.
11 Other conventional characteristics such as B/M have much weaker predictive power of REIT returns after
1990 (e.g., Chui, et al. 2003). Hence, we do not include them for brevity.
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Price Momentum and Earnings Surprise

In Panel A of Table 5, past winners outperform past losers by 0.34 % per month
(t = 0.83). Neither the CAPM nor the Fama-French model can explain the momentum
effect. The model-adjusted return spread is 0.82 % per month (t = 2.55) for the CAPM
and 1.05 % per month (t = 3.62) for the Fama-French model. In contrast, the
investment-based model performs as well as the Carhart model, reducing the high-
minus-low spread to only −0.05 % per month (t = −0.13). The new model’s success is
consistent with the variations in investment and profitability. Past winners are signif-
icantly more profitable than past losers: Quarterly ROE increases monotonically from
1.55 % to 2.78 %. Consistently, the profitability factor loading increases by 1.00 across
the portfolios. Meanwhile, investment rates are largely flat across the momentum
portfolios. Therefore, the high average returns of past winners can be inferred from
their conservative investments relative to high profitability.

In Panel B of Table 5, earnings surprise is positively related to future returns, with a
high-minus-low spread of 0.46 % per month (t = 2.36). Consistent with the findings of
Price et al. (2012) and Feng et al. (2014), none of the conventional models can capture
the earnings surprise effect. The high-minus-low pricing error ranges from 0.52 % per
month (t = 2.94) for the Carhart model to 0.70 % per month (t = 3.82) for the Fama-
French model. All three conventional models are strongly rejected by the GRS test. In
contrast, the investment-based model produces a much smaller error of 0.26 % per
month (t = 1.56), as well as the lowest average pricing error of 0.12 % per month across
the portfolios. The new model’s performance can be explained by the patterns in
investment and profitability. Relative to REITs with low earnings surprise, REITs with
high earnings surprise have substantially higher profitability but similar investment
rates, indicating their higher discount rates (expected returns).

Idiosyncratic Volatility and Share Turnover

In Panel A of Table 6, REITs with high idiosyncratic volatility earn lower future returns
than REITs with low idiosyncratic volatility. The raw return spread is −0.65 % per
month (t = −1.64), which widens after controlling for exposure to the conventional
factors. The investment-based model produces a statistically insignificant spread of
−0.43 % per month (t = −1.02), compared with −1.29 % per month (t = −5.13) for the
Fama-French model and −0.80 % per month (t = −2.48) for the Carhart model. All
three conventional models produce large average pricing errors and are rejected by the
GRS test. Again, the return variations associated with the idiosyncratic volatility risk
are consistent with the variations in investment and profitability. As IVOL increases,
the annual investment rate increases from 22.23 % to 27.32 %, while quarterly ROE
decreases from 2.71 % to 1.36 %. Therefore, High-IVOL firms are Bexpected^ to have
lower future returns because they invest more relative to their lower profitability.

Panel B of Table 6 shows that measured by share turnover, more liquid REITs earn
lower average returns than less liquid REITs. The high-minus-low return spread is
−0.39 % per month (t = −1.47), which increases to −0.71 % per month (t = −3.99) for
the CAPM, −0.71 % per month (t = −4.19) for the Fama-French model, and −0.46 %
per month (t = −2.80 %) for the Carhart model. The new model produces both the
smallest high-minus-low pricing error of −0.32 % (t = −2.05) and the smallest average
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pricing error of 0.10 % per month. The negative liquidity premium is largely consistent
with fundamentals: More liquid REITs invest more despite lower profitability.

In sum, the investment-based model outperforms the conventional models in
explaining well-known patterns in the cross section of REIT returns. Moreover, the
variations in REIT returns are consistent with the variations in investment and profit-
ability. Thus, the model’s good performance is also consistent with its economic
motivation.

Comparing with the Investment and Profitability Effects in Common Stocks

Hou et al. (2015a) show that investment and profitability help capture a large number of
return patterns in the cross section of (nonfinancial) common stocks. Since the under-
lying economic forces that affect the discount rates of common stocks may also affect
REITs, one question is whether the pricing information in investment and profitability
differs between common stocks and REITs. In this section, we test whether the
common stock-based model from Hou et al. (2015a) can capture the investment and
profitability effects in REITs. Specifically, Hou et al. construct a four-factor model
(called the q-factor model) as the following:

HXZ q� f actor : E r½ �−r f ¼ β*
MKTE r*MKT

� �þ β*
MEE r*ME

� �þ β*
I=AE r*I=A

h i
þ β*

ROEE r*ROE
� �

ð6Þ

in which β*MKT, β
*
ME, β

*
I/A and β*ROE are the factor loadings on the market factor

(rSMB), the size factor (rME), the investment factor (rI/A) and the profitability factor
(rROE), and E[r*MKT], E[r

*
ME] , E[r

*
I/A] and E[r*ROE] are the corresponding expected

factor premiums. Since the REIT-based investment model does not include the size
factor, we also apply their q-factor model without their size factor.

Table 7 shows that the common stock-based factors have little power for REIT
portfolios sorted on investment or profitability. In Panel A, the loadings on common
stock-based factors are largely flat across the investment portfolios, and the high-
minus-low spread barely changes after model adjustment. For example, in the bench-
mark q-factor model (with the size factor), the spread in the investment factor loading is
only −0.10 and the model-adjusted return spread even increases slightly to −0.39 % per
month (t = −1.67). In Panel B, the spread in the profitability factor loading is more than
0.30 between high- and low-profitability REITs, consistent with the positive return
spread. However, the spreads in other factor loadings are negative. As a result, the
spread in model-adjusted returns stays above 0.70 % per month.

In Table 8, we directly compare the REIT-based investment and profitability factors
with their common stock-based version. Consistent with earlier findings, the common
stock-based factors cannot subsume the REIT-based factors. The model-adjusted return
is above 0.40 % per month for the REIT-based investment factor and above 0.50 % for
the REIT-based profitability factor. Moreover, the correlation is only 0.03 between the
two investment factors, while the two profitability factors have a more meaningful
correlation of 0.31. Overall, the investment and profitability effects in REITs seem to
differ from those in common stocks. This finding suggests that the cross-sectional
return variations in the REIT market might be driven by different economic forces.
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Conclusion

Motivated by investment-based asset pricing, we show that investment and profit-
ability have substantial predictive power for future REIT returns, and such predict-
ability is not captured by conventional models. We construct an investment-based
three-factor model for REITs and show that it outperforms conventional models in
matching several well-known patterns in the cross section of REIT returns. Based
on our findings, we see several interesting future directions. First, the investment-
based model provides a useful expected return benchmark for empirical research
and applications in real estate finance. For example, the model may be used to
evaluate the performance of real estate portfolios. Alternatively, the model may be
used to investigate market reaction to corporate events in the real estate market.
Second, our results show that well-known predictors of REIT returns can be linked
to investment and profitability, which are firm fundamentals. Therefore, these
previous findings may not necessarily imply market inefficiency. Pinning down
the precise economic forces behind the investment and profitability effects may
provide better understandings of the pricing efficiency of REITs and thus is an
important question for future research.
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Appendices

A. Variable Definitions

Market Equity (ME), or size, is share price (item PRC) times the number of shares
outstanding (item SHROUT) from CRSP.

Book-to-Market Equity (B/M) is book equity divided by market equity. Following
Davis et al. (2000), we measure book equity as stockholders’ book equity, plus balance
sheet deferred taxes and investment tax credit (item TXDITC) if available, minus the
book value of preferred stock. Stockholders’ equity is the value reported by Compustat
(item SEQ), if it is available. If not, we measure stockholders’ equity as the book value
of common equity (item CEQ) plus the par value of preferred stock (item PSTK), or the
book value of assets (item AT) minus total liabilities (item LT). Depending on avail-
ability, we use redemption (item PSTKRV), liquidating (item PSTKL), or par value
(item PSTK) for the book value of preferred stock. Market equity is from Compustat
(item PRCC_F times item CSHO) or CRSP at the fiscal year end. B/M is considered
known four months after fiscal year end.

Momentum (MOM) for month t is measured as the cumulative stock return from
month t-12 to month t-2 (skipping month t-1).

Investment (I/A) is measured as the annual growth rate in total non-cash assets
(Compustat item AT minus item CHE). Annual investment rate is considered known
four months after fiscal year end.
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Profitability (ROE) is measured as quarterly return on equity (ROE), defined as
income before extraordinary items (Compustat item IBQ) divided by one-quarter-lagged
book equity. Book equity is shareholders’ equity, plus balance sheet deferred taxes and
investment tax credit (item TXDITCQ) if available, minus the book value of preferred
stock (item PSTKQ). Depending on availability, we use stockholders’ equity (item
SEQQ), or common equity (item CEQQ) plus the book value of preferred stock, or total
assets (item ATQ) minus total liabilities (item LTQ) in that order as shareholders’ equity.
Quarterly ROE is deemed as known on the earnings announcement date (item RDQ).

Earnings Surprise (SUE) is measured as the standardized unexpected earnings
(SUE). We calculate SUE as the change in the most recently announced quarterly
earnings per share (Compustat item EPSPXQ) from its value announced four quarters
ago divided by the standard deviation of this change in quarterly earnings over the prior
eight quarters. We require a minimum of six quarterly observations of earnings change
in calculating SUE. Earnings surprise is deemed as known on the earnings announce-
ment date (item RDQ).

Idiosyncratic Volatility (IVOL): Following Ang et al. (2006), we measure a stock’s
idiosyncratic volatility as the standard deviation of the residuals from regressing the
stock’s returns on the Fama-French three factors. We require a minimum of 15 daily
returns in calculating idiosyncratic volatility.

Share Turnover (TO) is the average daily share turnover during the past 6 months.
Daily share turnover is the number of shares traded (CRSP item VOL) on a given day
divided by the number of shares outstanding (item SHROUT) on the same day.
Following Gao and Ritter (2010), we adjust the trading volume for REITs traded on
NASDAQ before 2004. Specifically, we divide NASDAQ volume by 2 prior to
February 2001, by 1.8 between February 2001 and December 2001, and by 1.6
between 2002 and 2003.

B. Construction of the REIT-Based Conventional Factors

The REIT-based market factor (rMKT), is defined as the return on the FTSE NAREIT
All Equity REIT Index minus the one-month Treasury bill rate. The construction of
other conventional factors largely follows the standard Fama and French approach. At
the beginning of each month, we sort all REITs into two portfolios based on their
market equity. Independently, we sort REITs into three portfolio based on their B/M.
The two-way sort on size and B/M produces six portfolios, which are value-weighted
and rebalanced monthly. We define the size factor (rSMB) as the return spread between
the simple average of the three small-cap portfolios (small-growth, small-neutral, small-
value) and the simple average of the three big-cap portfolios (big-growth, big-neutral,
big-value). The B/M factor (rHML) is defined as the return spread between the simple
average of the small-value and big-value portfolios and the simple average of the small-
growth and big-growth portfolios. Independently, we also sort REITs into three port-
folios based on their return momentum. The two-way sort on size and momentum
produces six portfolios, which are value-weighted and rebalanced monthly. The mo-
mentum factor (rUMD) is the return spread between the simple average of the small-
winner and big-winner portfolios and the simple average of the small-loser and big-
loser portfolios. Summary statistics for the REIT-based conventional factors are pre-
sented in Table 9.
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