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Abstract Relations between Real Estate Investment Trust (REIT) efficiency and opera-
tional performance, risk, and stock return are examined. REIT-level operational efficiency
is measured as the ratio of operational expenses to revenue, where a higher operational
efficiency ratio (OER) indicates a less efficient REIT. For a sample of U.S. equity REITs
from the modern REITera, operational performance, measured by return on assets (ROA)
as well as return on equity (ROE), is negatively associated with previous-year operational
efficiency ratios, which suggests that more efficient REITs generate better operating
results. Results further show that more efficient REITs have lower levels of credit risk
and total risk. Perhaps most important, empirical evidence shows that the cross-sectional
stock return of REITs is partially explained by operational efficiency and that a portfolio
consisting of highly efficient REITs earns, on average, a higher cumulative stock return
than a portfolio consisting of low efficiency REITs.
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Introduction

The literature focused on REITs is extensive. Most studies, however, focus on one of
several broad areas including diversification benefits, acquisition strategies, differences
in equity and mortgage investments, corporate governance and capital structure.1 Few
studies investigate relations between revenues from real estate assets and the expenses
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needed to generate those revenues. Specifically, little work has been applied to: (1) the
appropriate classification of REIT revenues and expenses, such as gross rent, net rent,
depreciation, amortization and tenant pass-throughs; and (2) exploring the performance
and value implications associated with these relations. In the present research, we
introduce measures of REIToperational efficiency similar to those found in the banking
literature. These measures of efficiency, linking various types of operational expenses
to revenues, are defined within a REIT context. The impact of these measures on REIT
operational performance, risk and stock return is concurrently explored.

Efficiency in banking and financial institutions has been investigated in detail. The
most common efficiency ratio found in the literature, and used by analysts and bank
executives, is defined as a bank’s non-interest expenses divided by revenue or net
income (Bikker and Haaf 2002; Bonin et al. 2005; Jacewitz and Kupiec 2012). In the
Quarterly Banking Profile from the Federal Deposit Insurance Corporation (FDIC),
efficiency is defined as Bnoninterest expense less amortization of intangible assets as a
percent of net interest income plus noninterest income^. The FDIC further explains that
Bthis ratio measures the proportion of net operational revenue that are absorbed by
overhead expense, so that a lower value indicates greater efficiency.^2 REITs are, in
fact, like financial institutions in many ways. The National Association of Real Estate
Investment Trusts (NAREIT) defines a REIT as BA company that owns or finances
income-producing real estate. Modeled after mutual funds, REITs provide investors of
all types regular income streams, diversification and long-term capital appreciation.
REITs typically pay out all of their taxable income as dividends to shareholders.^3 A
REIT is an intermediary that holds a portfolio of real estate assets and passes income
and cash flows to its shareholders and its value should be related to how efficient it is in
providing this service.

While some REIT studies focus on technical efficiency, X-efficiency and economies
of scale (Kuhle et al. 1986; Anderson et al. 2000, 2002; Devaney and Weber 2005), this
study employs an efficiency ratio that is based on the banking efficiency concept
described above. The efficiency ratios used measure the amount of revenue REITs
generate relative to operational expenses. Specifically, we create two REIT operational
efficiency ratios defined as: a) total expenses less real estate depreciation and amorti-
zation expense to total revenue and b) total expenses less real estate depreciation and
amortization expense adjusted for property specific expenses to total revenue less
expense reimbursements.4 In the accounting and financial economics literature, similar
ratios of operating expense divided by annual sales are used as an agency cost proxy
because they serve as a measure of the effectiveness of management in controlling
operations and direct agency costs (Ang et al. 2000).

Using a broad sample of U.S. equity REITs from the modern REITera, we show that
REIT return on assets and REIT return on equity are strongly related to firm operating
efficiency. The results suggest that more efficient REITs are associated with better

2 https://www.fdic.gov/bank/analytical/qbp/glossary.html
3 https://www.reit.com/investing/reit-basics/what-reit
4 The measure is adjusted to reflect those costs that are directly associated with asset operations and
management. The adjustment is made for expenses that are passed through to tenants. Not all property
expenses are reimbursed so we also control for property type, which is the primary determinant of
reimbursements.
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operational performance.5 Further results show that REIT total risk and credit risk
benefit from greater operational efficiency. We also illustrate that REIT cross-sectional
stock returns may be partially explained by operational efficiency. In addition, a
portfolio consisting of more efficient REITs earns, on average, higher cumulative stock
returns compared with a portfolio consisting of less efficient REITs. Overall, these
findings illustrate the importance of REIT operational efficiency on performance, risk
and return.6

An Overview of Related Literature

There is a rich banking literature on the efficiency of financial institutions. Most of the
literature focuses on four types or categories of efficiency. The first type is scale
efficiency. The idea is that financial institutions benefit from economies of scale. Hence,
larger firms are more likely to have better performance (Berger et al. 1993a, 1993b). The
second category is scope efficiency, whereby financial institutions benefit from lowering
average costs by producing and selling a wide array of products (Zardkoohi and Kolari
1994). The third efficiency measure is X-efficiency, which illustrates whether financial
institutions are operating with an efficient mix of inputs, (Berger et al. 1993b; Allen and
Rai 1996). Finally, the fourth and most common efficiency category is related to overall
operational efficiency and is often measured with an efficiency ratio defined as non-
interest expenses divided by revenues or net income (Bikker and Haaf 2002; Bonin et al.
2005; Jacewitz and Kupiec 2012). This efficiency measure is a straightforward indicator
of overhead expenses relative to operational revenues. Financial institutions associated
with lower ratios are more efficient.

Anderson et al. (2000) provide a comprehensive review of the efficiency literature for
real estate brokerage services and REITs at the advent of themodern REITera. Allen and
Sirmans (1987), Linneman (1997), Bers and Springer (1997) and Vogel (1997) show
that REIT mergers and acquisitions are due in part to the existence of economies of
scale. Similarly, Anderson et al. (1998), (2002) analyze REIT scale economies and X-
efficiencies using data envelopment analysis (DEA). They show that REITs are gener-
ally scale inefficient. In their narrow 1992–1996 sample period, REITs’ overall effi-
ciency scores measured between 44.1% and 60.5% (out of 100%). They also show that
large REITs are more efficient than small REITs and suggest that expansion may
improve performance. Using a stochastic frontier methodology and Bayesian statistics
to define REITs’ efficient cost frontiers, Lewis et al. (2003) find that REITs are almost
90% efficient and show that REIT performance and efficiency are positively related.

There is, however, conflicting evidence with respect to studies focused on econo-
mies of scale in REITs. For example, McIntosh et al. (1991) and (1995) provide

5 We recognize there still exists a potential endogeneity issue between operational efficiency and firm
performance and there may be possible unobserved heterogeneity that determines the observed relation
between operational efficiency and firm performance. As this is one of the first papers on the topic, it is
likely that more research needs to be done to refine all potential conclusions.
6 Theoretically, a reverse causality issue for REIT risk, especially stock return volatility, stock return and REIT
operational efficiency should not exist. The empirical results that REIT operational efficiency has a negative
(positive) relation with one period ahead firm risk (stock return) can provide reliable casual inference. It is not
likely that the lower risk and/or higher return causes higher operational efficiency.
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evidence against the existence of scale economies. Similarly, Mueller (1998) and
Ambrose et al. (2000) show that smaller REITs are more profitable, indicating there
may be an optimal REIT size based on their cash flows. More recently, Chung et al.
(2012) show that institutional ownership can help reduce REITs’ inefficiency. Other
studies of the impact of institutional ownership on performance find few relations
(Hartzell et al. 2014; Bianco et al. 2007; Bauer et al. 2010), with Hardin et al. (2017)
arguing that only a small set of investors will expend sufficient energy to monitor to
improve operating performance. The ambiguity may also be related to sample frame
and the maturation of the REIT industry.

Bers and Springer (1998a, b) use the ratio of different REITcosts, such as general and
administrative (G&A) expense, management fees, operating expenses, and interest
expense, to total liabilities to examine scale economies. This measure, which is
conceptually similar to the efficiency measures we use in this paper, allowed them to
show a negative cost elasticity associated with interest expense related to total liabilities.
In a related paper, Bers and Springer (1997) assess differences in scale economies
among a variety of REIT characteristics and find that internal or external management
choice, capital structure, and property types are related to their scale economies.

The present investigation builds on this existing, older literature primarily focused on
the pre-modern REIT era by introducing efficiency ratios adjusted for industry character-
istics as found in the banking literature. The questions of interest are straightforward. Does
REIT efficiency impact operational performance measures? And, are REITs rewarded for
their efficiency?

Data Sources and Summary Statistics

From SNL Financial, the main data source for this study, we collect firm characteristics
for U.S. equity REITs for the modern REIT era (1995–2016) with annual frequency.7

Each observation includes, total assets, total debt, total equity, total revenue,8 total
expenses, expense reimbursements,9 real estate depreciation and amortization, rental
operational expense, share price, total dividends paid, common shares outstanding,
implied market capitalization, earnings before interest, tax, depreciation and amortiza-
tion, funds from operations (FFO), IPO date, the year the REIT was established, the
metropolitan statistical area (MSA) of properties, and real estate property type.10 We

7 The sample period starts in 1995 because the property level data are used to calculate geographic
diversification and property type diversification are only available from 1995. For robustness, we extend
the sample to a longer period and find quantitatively similar empirical results, while not controlling for
diversification. We also only address publicly traded REITs as Seguin (2016), Soyeh and Wiley (2018) and
others argue that these firms are sufficiently different to warrant segmentation.
8 All revenue including nonrecurring. Revenue is net of interest expenses for banks, thrifts, lenders, FHLBs,
investment companies, asset managers and broker-dealers, as defined by SNL.
9 Expenses reimbursed from tenants for common area maintenance and improvements, including operating
expenses such as real estate taxes, insurance, and utilities, as defined by SNL.
10 When REIT accounting information is not available in one period, but is available for the pervious and
subsequent periods, it is replaced by the estimation calculated from the characteristics in previous and

subsequent periods using the formula: Valuexi;t ¼ Valuexi;tþ1 þ Valuexi;t−1
� �

=2. Where Valuexi;t is the value

of x (TA, TE, etc.) of REIT i in year t.
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also obtain stock return data from the Center for Research in Security Prices (CRSP)
and market factors and risk-free rate data from Kenneth French’s website.11

We define the REIT operational efficiency ratio (OER) in general terms as total
operational expenses divided by revenue. Hence, the higher (lower) the efficiency ratio
the less (more) efficient the REIT. More specifically, we define two variations of the
general REIToperational efficiency ratio as: a) the ratio of non-real-estate-depreciation-
and-amortization expense, defined as total expenses minus real estate depreciation and
amortization, to total revenue, and b) the ratio of non-real-estate-depreciation-and-
amortization expense adjusted for property expenses to total revenue less expense
reimbursements. These two variations account for real estate depreciation and amorti-
zation and for property operational expense reimbursements to better reflect the more
controllable cash flow related expenses associated with each REIT.

The cost of holding and maintaining real properties varies across property type as does
lease structure. Hence, operational expense ratios likely vary due to the type properties
owned. To address this issue, we employ measures that adjust for operational efficiency
differences for REITs that are associated with real estate property types. These standard-
ized operational efficiency measures (OER1 and OER2) are defined as the operational
efficiency ratio of each REIT divided by the mean of the operational efficiency ratios of
all REITs that specialize in the same real estate property type in that year.

To evaluate REIToperational performance, we compute return on assets (ROA), which
is defined as funds from operations divided by total assets in the previous period.
Similarly, we compute REIT return on equity (ROE), which is defined as funds from
operations divided by total equity in the previous period.12 REIT total risk is measured by
the standard deviation of the annualized stock return and can also be referred to as stock
return volatility. REIT credit risk is proxied by the EBITDA-to-Debt ratio. The stock
return for a REIT is defined as the sum of share price change and dividends divided by
share price in the previous period. Other variables used in this study include firm size,
which is defined as the logarithm of implied market capitalization; leverage ratio, which is
defined as the ratio of total book assets to total book equity, following Adrian and Shin
(2010); firm age, which is defined as logarithm of one plus firms’ years since IPO13;
geographic diversification, which is defined as the negative of the Herfindahl Index of
each REIT, calculated using assets invested in different MSA locations, based on book
values, as in Hartzell et al. (2014); property type diversification, which is defined as the
negative of the Herfindahl Index of each REIT, calculated using assets invested in
different real estate property types, based on book values, as in Hartzell et al. (2014);
and firm classification andwhether the firm is in the S&P Index, which is a binary variable
that takes a value of 1 when a REIT is in S&P index. The variables used in this paper
along with their definition are displayed in Table 9 of the Appendix.

Because our regression specification includes lagged variables, we exclude firms
with fewer than two consecutive years of stock price and operational efficiency
information. Variables have been winsorized at the 1% and 99% tails of the distribu-
tions. The final sample used in the analysis consists of 317 REITs.

11 Kenneth R. French’s Data Library: http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_library.
html.
12 These are common performance metrics for REITs.
13 When the IPO date is not available, we use the year a REIT status is established instead.
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Table 1 provides summary statistics for the REITs included in the sample including
operational performance, risk, stock return and operational efficiency measures. Over
the full sample period (1995–2016), average REIT market capitalization has a mean of
$2.3 billion and a median of $0.9 billion. Total REIT revenue per year has a mean of
$0.4 billion and a median of $0.2 billion. Return on assets (ROA) has an average of
6.04% and a median of 6.05%, while return on equity (ROE) has an average of 16.39%
and a median of 14.31%. The mean and median of annual stock return volatility are
0.30 and 0.23, and the mean and median for the EBITDA-to-Debt ratio are 0.19 and
0.16. The average annual stock return during the examined period is 12.99%, with a
median of 12.97%. In terms of the operational efficiency ratios, the mean and median
of the standardized operational efficiency ratio type one (OER1) are 0.99 and 0.96, and
mean and median of the standardized operational efficiency ratio type two (OER2) are
0.99 and 0.91.

Table 1 Summary statistics

Mean Median Std. Dev. Min Max Yearly Obs.

Market capitalization ($B) 2.270 0.903 3.975 0.005 24.136 3426

Total assets ($B) 2.841 1.304 4.264 0.009 24.534 3575

Total equity ($B) 1.111 0.492 1.661 −0.056 9.180 3575

Total debt ($B) 1.472 0.674 2.207 0.005 12.518 3493

Funds from operations ($B) 0.143 0.066 0.225 −0.067 1.301 3514

Total revenue ($B) 0.422 0.183 0.664 0.001 4.028 3575

Expense reimbursement ($B) 0.042 0.005 0.089 0.000 0.607 2791

Total expense ($B) 0.373 0.152 0.601 0.000 3.642 3575

Real estate depreciation and amortization ($B) 0.090 0.037 0.139 0.000 0.786 3575

Rental operating expense ($B) 0.104 0.036 0.177 0.000 1.023 3575

EBITDA ($B) 0.243 0.113 0.398 0.000 5.559 3479

Leverage 2.868 2.364 2.737 −9.334 17.317 3575

Firm age 11.664 9.000 10.758 0.000 56.000 3422

Geographic diversification −0.426 −0.310 0.283 −1.000 −0.119 2901

Property type diversification −0.812 −0.946 0.229 −1.000 −0.181 2901

Book-to-market ratio 0.465 0.393 0.626 −0.802 2.854 3426

Return on assets (%) 6.036 6.051 3.920 −7.229 18.261 3201

Return on equity (%) 16.386 14.312 21.009 −72.157 132.832 3201

Stock return volatility 0.297 0.227 0.195 0.124 1.145 3255

EBITDA-to-debt ratio 0.190 0.165 0.130 0.020 0.932 3366

Stock return (%) 12.994 12.972 27.980 −67.217 102.131 3123

OER1 0.995 0.956 0.338 0.276 2.579 3575

OER2 0.991 0.907 0.494 0.151 3.191 3575

This table reports the summary statistics of key variables used in this paper. The sample period is from 1995 to
2016. All variables are defined in Appendix A1. Because our regression specification includes lagged
variables, we exclude firms with fewer than two consecutive years of stock return and operational efficiency
(OER1) information. Variables have been winsorized at the 1% and 99% tails of the distributions to avoid the
influence of extreme observations
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Research Methodologies

To begin the analysis, we first evaluate whether a REIT’s operational perfor-
mance is associated with its operational efficiency ratios. Specifically, we
regress REIT return on assets on each of our measures of operational efficiency
while controlling for REITs characteristics. We use an ordinary least squares
(OLS) model with heteroscedasticity-robust standard errors that are clustered at
the firm level and with property type and year fixed effects (or with firm and
year fixed effects), as per Eq. (1).

ROAi;t ¼ β0 þ β1Sizei;t−1 þ β2Leveragei;t−1 þ β3Firm Agei;t−1

þ β4Geographic Diversificationi;t−1

þ β5Property Type Diversificationi;t−1 þ β6S&P Indexi;t−1

þ β7OERi;t−1 þ εi;t

ð1Þ

Where ROAi, t is the funds from operations divided by lagged total assets of
REIT i at year t, and the other variables included in Eq. (1) are as defined
earlier in the text. Additionally, we apply our multivariate regression from Eq.
(1) using a non-parametric analysis approach by sorting REITs into quintiles
based on their standardized operational efficiency ratios in each year. We also
report the spreads of the mean and median of the ROA from the extreme
quintiles, along with their associated two-sample t test and Wilcoxon rank-
sum test values.

The use of lagged property portfolio characteristics as explanatory variables
provides adjustment to reflect the beginning annual portfolios held by a REIT.
Performance should be more reflective of the characteristics of the REIT
properties at the start of the year than at the end of the year. This can be
important in the REIT industry where holding periods are long-term and where
the industry has expanded dramatically over the last two decades. Cash flow
generation and expenses follow in large measure the properties held at the
beginning of each period in combination with changes in the portfolio during
the interim period versus the ending period composition of the portfolio. We
also adjust other variables for comparability and in order to mitigate potential
issues related to endogeneity. The general concept is to create the basic firm
and managerial characteristics for the firm prior to the period of assessment.

For a visual illustration, figures that plot the measures of return on assets versus each
of the standardized operational efficiency ratios for the previous year are provided. The
slope, t-statistics, p-value and adjusted R-squared from the univariate regression asso-
ciated with each figure are reported on the top of each figure.

Return on equity is another profitability ratio that measures the ability of a firm to
generate profits. It can be argued from the shareholder’s perspective that return on equity is
the best indicator of firm performance (Elayan et al. 2006) as an investment. Hence, we
explore whether REIT return on equity (ROE) is associated with our two measures of
operational efficiency.

414 E. Beracha et al.



ROEi;t ¼ β0 þ β1Sizei;t−1 þ β2Leveragei;t−1 þ β3Firm Agei;t−1

þ β4Geographic Diversificationi;t−1

þ β5Property Type Diversificationi;t−1

þ β6S&P Indexi;t−1 þ β7OERi;t−1 þ εi;t

ð2Þ

where ROEi, t is the funds from operations, respectively, divided by lagged total equity
of REIT i at year t, and other variables are as defined previously. As with Eq. (1), we
apply our multivariate regression from Eq. (2) using a non-parametric analysis ap-
proach and create figures in which we plot the measures of return on equity versus each
of the standardized operational efficiency ratios for the previous year.

A similar approach is used to examine the relations between REIT total risk, credit
risk, and operational efficiency. Total risk is measured as annualized stock return
volatility and credit risk is measured as the EBITDA-to-Debt ratio, which is an
indicator of a REIT’s ability to satisfy its debt payment obligations. The regression
specified in Eq. (3) examines this relation.

Riski;t ¼ β0 þ β1Sizei;t−1 þ β2Leveragei;t−1 þ β3Firm Agei;t−1

þ β4Geographic Diversificationi;t−1

þ β5Property Type Diversificationi;t−1

þ β6S&P Indexi;t−1 þ β7OERi;t−1 þ εi;t

ð3Þ

Where Riski, t is the annualized stock return volatility and EBITDA divided by total
debt, respectively, of REIT i at year t, and the other variables are as previously defined.
Once again, we apply our multivariate regression from Eq. (3) using a non-parametric
analysis approach and create figures in based on risk measures and standardized
operational efficiency univariate regression results.

Finally, we examine whether REIT operational efficiency ratios help explain the
cross-sectional stock return of REITs. Specifically, we regress annual excess REIT
stock return using the Fama and French (1993) three-factor model, the Carhart (1997)
four-factor model and the Fama and French (2015) five-factor model while including
the REIT operational efficiency variable14:

Returni;t ¼ α0 þ α1rmrf t þ α2smbt þ α3hmlt þ β1OERi;t þ εi;t

Returni;t ¼ α0 þ α1rmrf t þ α2smbt þ α3hmlt þ α4momt þ β1OERi;t þ εi;t

Returni;t ¼ α0 þ α1rmrf t þ α2smbt þ α3hmlt þ α4rmwt þ α5cmat þ β1OERi;t

þ εi;t

ð4Þ

Where Returni, t is the annual stock return of REIT iminus the risk-free rate at year t;
rmrft is the value-weighted market return minus the risk-free rate at year t; smbt (Small

14 Similar models can be found in Baker and Wurgler (2006) and Giacomini et al. (2017), among others.
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minus Big), hmlt (High minus Low), momt (Momentum), rmwt (Profitability) and cmat
(Investment) are the year t return to zero investment factor-mimicking portfolios
designed to capture size, book-to-market, momentum, profitability and investment
effects, respectively. β1 is the coefficient of interest in this regression, as it captures
the relations between REIT stock return and the operational efficiency ratios after
controlling for market risk.

Alternatively, we also adopt a similar approach to examine the relations between
REIT stock return and REIT operational efficiency, as in Eq. (5).

Residual Returni;t
¼ β0 þ β1Sizei;t−1 þ β2Leveragei;t−1
þβ3Firm Agei;t−1
þβ4Geographic Diversificationi;t−1
þβ5Property Type Diversificationi;t−1
þβ6S&P Indexi;t−1 þ β7OERi;t−1 þ εi;t

ð5Þ

Where Residual Returni, t is residual excess stock return, which is obtained from the
Fama and French (2015) five-factor model, of REIT i at year t, and the other variables
are as previously defined.

To further evaluate whether REIT operational efficiency ratios have a long-term
effect on stock returns, we construct portfolios by sorting the standardized operational
efficiency ratios (OER1 and OER2) of each REIT in the previous year. Specifically, we
divide REITs based on the median (or 30 and 70 percentiles) of their OER1 and OER2,
respectively, and place REITs with above or below median (or 70 or 30 percentiles)
OER1 and OER2, in the low or high efficiency portfolios, respectively. These portfolios
are rebalanced each year. We then compare the one- to four- year cumulative return of
these operational efficiency based portfolios.

Empirical Results

Operational Performance and Operational Efficiency

As described in the methodology section, we first explore relations between the REIT
operational efficiency ratios and REIT operational performance measured by return on
assets (ROA) and return on equity (ROE). The results from Eq. (1) are reported in Panel
A of Table 2. Overall, the results provide evidence that more efficient REITs have, on
average, higher returns on assets, even after controlling for size, financing, management
structure, diversification and growth strategy.

In columns (1) and (2), the coefficients of the previous year OER1 and
OER2 variables are negative with statistical significance at the 1% level (−5.27
and −3.24, respectively) in a property type and year fixed effect model. These
results suggest that more efficient REITs (lower efficiency ratio) generate higher
ROAs. The results presented with a firm and year fixed effect model as in
columns (3) and (4) are very similar to the results presented in columns (1) and
(2) and display statistical significance at the 1% level. The estimated
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Table 2 Return on assets and operational efficiency

Panel A: Regressions

Variables (1) (2) (3) (4)

ROA ROA ROA ROA

Log Market Capitalization, t-1 0.398 0.463 0.723 0.793

[4.92]*** [4.99]*** [3.50]*** [3.68]***

Leverage, t-1 −0.067 −0.082 −0.068 −0.070
[−1.76]* [−2.08]** [−1.90]* [−1.93]*

Firm Age, t-1 −0.058 −0.145 −0.705 −0.710
[−0.48] [−1.09] [−2.30]** [−2.24]**

Geographic Diversification, t-1 −1.074 −0.983 −1.769 −1.804
[−3.21]*** [−2.57]** [−2.46]** [−2.21]**

Property Type Diversification, t-1 −0.704 −0.335 −0.139 0.039

[−1.25] [−0.55] [−0.16] [0.04]

Firm in S&P Index, t-1 0.247 0.157 −0.279 −0.313
[1.04] [0.60] [−0.91] [−0.97]

OER1, t-1 −5.273 −2.977
[−13.56]*** [−6.63]***

OER2, t-1 −3.238 −1.760
[−10.99]*** [−6.17]***

Constant 7.679 5.893 7.828 6.434

[4.95]*** [3.91]*** [5.11]*** [4.35]***

Observations 2494 2494 2494 2494

Adj. R-sq. 0.409 0.374 0.300 0.288

Property Type FE YES YES NO NO

Firm FE NO NO YES YES

Year FE YES YES YES YES

Number of REIT 249 249 249 249

Panel B: Quintiles sorting

Ranking, t ROA, t + 1

Rank by OER1 Rank by OER2

1 8.08/7.81 7.92/7.62

2 6.96/6.67 6.67/6.46

3 6.30/6.14 6.32/6.22

4 5.40/5.26 5.55/5.51

5 3.34/3.55 3.63/3.88

5–1 Spread −4.74/−4.27 −4.29/−3.73
t test [19.66] *** [17.42] ***

rank-sum test (19.45) *** (17.44) ***

Panel A reports the results of multivariate regressions of REITs’ return on assets (ROA) on their lagged
standardized operational efficiency ratios (OER1 and OER2, respectively). The t-statistics are reported in
brackets. The coefficients on variables of property type and years are suppressed from reporting. Standard
errors are clustered at the firm level and are heteroscedasticity-robust. Panel B reports the time-series average
of ROA of portfolios sorted by standardized operational efficiency ratios (OER1 and OER2). The t-statistics
from two-sample t-test with equal variances are reported in brackets. The z-statistics from two-sample
Wilcoxon rank-sum test are reported in parentheses. Significance at the 1%, 5% or 10% levels is shown with
3, 2, or 1 asterisks, respectively. All variables are defined in Appendix A1. Because our regression specifi-
cation includes lagged variables, we exclude firms with fewer than two consecutive years of stock return and
operational efficiency (OER1) information. Variables have been winsorized at the 1% and 99% tails of the
distributions to avoid the influence of extreme observations
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coefficients of −2.97 and −1.76 for the previous year OER1 and OER2 vari-
ables, respectively, suggest a positive relation between REIT efficiency and
ROA.15

In addition to the coefficients of interest, we also show that REITs with
higher market capitalization, lower leverage and less geographic diversification
are associated with higher ROA. This is in line with expectations and is
consistent with the literature. Larger REITs usually perform better (Berger
et al. 1993a, 1993b; Ambrose et al. 2005) and the negative relationship
between firm performance and leverage is widely found in the finance literature
(e.g. Titman and Wessels 1988; Rajan and Zingales 1995; Fama and French
2002). It is also well-known that there exists a diversification discount on firm
performance or valuation, as in, for example, Lang and Stulz (1994), Capozza
and Seguin (1999), Cronqvist et al. (2001), Campa and Kedia (2002), Danielsen
and Harrison (2007), Ro and Ziobrowski (2011), Hartzell et al. (2014), and
Ling et al. (2016).

It is worth noting that achieving a higher relative level of return on assets is difficult
to do in a capital-intensive business such as equity REITs. This further highlights the
importance of REITs operational efficiency on operational performance.

The positive relation between operating efficiency and operating performance also
shows in our univariate regression models. Panel A of Fig. 1 plots ROAversus each of
the previous year standardized operational efficiency ratios (OER1 and OER2). The
negative slope is visually clear in each of the plots.

Panel B of Table 2 presents the results from a quintile analysis approach that
compares REIT mean and median ROA sorted by their previous year standard-
ized operational efficiency ratios (OER1 and OER2). The results show that the
mean and median ROA of REITs sorted by previous year standardized opera-
tional efficiency ratios decrease monotonically from the first quintile (highest
operational efficiency) to the fifth quintile (lowest operational efficiency) in
both cases. The spreads of the mean (median) of ROA between the two
extreme quintiles is 4.74% (4.27%) and 4.29% (3.73%), respectively. Each of
these differences is statistically significant at the 1% level using the t-statistic
from the two-sample t-test or the z-statistics from the two-sample Wilcoxon
rank-sum test. The results from the non-parametric analysis support the multi-
variate regression results and clearly show, not only positive relations between
return on assets and operational efficiency, but that the relation is monotonic
and continuous.

The results from Eq. (2) are reported in Panel A of Table 3. Overall, the results
presented in this panel are very similar to the results reported in Panel A of Table 2,
where the relationship between return on assets and operational efficiency is examined.
The coefficients of our operating efficiency measures are negative and statistically
significant in all four specifications. These results support our results from the previous
table and suggest that REIToperating efficiency is positively related to return on equity.
All else equal, if a REIT can decrease its OER1 by 1% it would realize an average ROE

15 We recognize that REIToperational efficiency may also be an endogenous outcome of managerial decisions
and other factors. For instance, ownership structure, corporate governance, investments in a growing market
just by chance.
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increase of 11.87 basis points (column (1)). Also, similar to the results from Panel A of
Table 2, there is evidence for positive relations between return on equity and leverage.
Consistent results can also be found in Panel A of Fig. 2, which plots ROE versus each
of the previous year OER1 and OER2 measures. The negative slope (positive relation
between operational efficiency and return on equity) is visually clear.

Like Panel B of Table 2, Panel B of Table 3 presents the results from a quintile
analysis. Again, the results of this panel are like the results presented in Table 2. The
spreads of the mean and median of ROE between the first quintile (highest operational
efficiency) to the fifth quintile (lowest operational efficiency) of REITs sorted by
previous year standardized operational efficiency ratios are statistically significant at
the 1% level.

Collectively, the results provide strong evidence that REIT operational performance
is positively related to efficient management of the firm measured by the previous
year’s operational efficiency. On average, more efficient REITs (lower operational
efficiency ratios) generate higher returns on assets and returns on equity.
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(a) ROA and OER

(b) ROE and OER

Fig. 1 Operational performance and operational efficiency. This figure plots return on assets (ROA) and
return on equity (ROE) on the vertical axis against two lagged standardized operational efficiency ratios
(OER1 and OER2, respectively) on the horizontal axis for our sample period (1995–2016). The slope, t-
statistics, p-value and adjusted R-squared are reported on the top of each figure. Standard errors are clustered at
the firm level and are heteroscedasticity-robust. Significance at the 1%, 5% or 10% levels is shown with 3, 2,
or 1 asterisks, respectively. All variables are defined in Appendix A1. Because our regression specification
includes lagged variables, we exclude firms with fewer than two consecutive years of stock return and
operational efficiency (OER1) information. Variables have been winsorized at the 1% and 99% tails of the
distributions to avoid the influence of extreme observations



Table 3 Return on equity and operational efficiency

Panel A: Regressions

Variables (1) (2) (3) (4)

ROE ROE ROE ROE

Log Market Capitalization, t-1 0.638 0.790 −0.002 0.079

[1.26] [1.46] [−0.00] [0.04]

Leverage, t-1 4.352 4.319 4.148 4.141

[5.49]*** [5.49]*** [4.22]*** [4.22]***

Firm Age, t-1 0.288 0.097 −2.350 −2.410
[0.49] [0.16] [−1.20] [−1.24]

Geographic Diversification, t-1 −3.847 −3.641 −8.099 −8.324
[−1.78]* [−1.66]* [−1.80]* [−1.87]*

Property Type Diversification, t-1 −4.200 −3.369 1.737 2.004

[−1.30] [−1.08] [0.26] [0.31]

Firm in S&P Index, t-1 0.027 −0.171 −0.635 −0.696
[0.03] [−0.17] [−0.51] [−0.55]

OER1, t-1 −11.870 −6.775
[−3.68]*** [−2.08]**

OER2, t-1 −7.231 −4.708
[−3.05]*** [−1.78]*

Constant 8.202 4.072 16.093 13.814

[0.94] [0.47] [1.35] [1.15]

Observations 2494 2494 2494 2494

Adj. R-sq. 0.397 0.392 0.301 0.301

Property Type FE YES YES NO NO

Firm FE NO NO YES YES

Year FE YES YES YES YES

Number of REIT 249 249 249 249

Panel B: Quintiles sorting

Ranking, t ROE, t + 1

Rank by OER1 Rank by OER2

1 17.16/14.71 17.86/15.06

2 17.80/15.43 17.18/15.20

3 17.99/15.39 17.62/15.06

4 17.26/14.61 17.02/13.87

5 11.60/9.94 12.15/10.39

5–1 Spread −5.56/−4.77 −5.72/−4.67
t test [4.46] *** [4.57] ***

rank-sum test (10.20) *** (9.50) ***

Panel A reports the results of multivariate regressions of REITs’ return on equity (ROE) on their lagged
standardized operational efficiency ratios (OER1 and OER2, respectively). The t-statistics are reported in
brackets. The coefficients on variables of property type and years are suppressed from reporting. Standard
errors are clustered at the firm level and are heteroscedasticity-robust. Panel B reports the time-series average
of ROE of portfolios sorted by standardized operational efficiency ratios (OER1 and OER2). The t-statistics
from two-sample t-test with equal variances are reported in brackets. The z-statistics from two-sample
Wilcoxon rank-sum test are reported in parentheses. Significance at the 1%, 5% or 10% levels is shown with
3, 2, or 1 asterisks, respectively. All variables are defined in Appendix A1. Because our regression specifi-
cation includes lagged variables, we exclude firms with fewer than two consecutive years of stock return and
operational efficiency (OER1) information. Variables have been winsorized at the 1% and 99% tails of the
distributions to avoid the influence of extreme observations
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Firm Risk and Operational Efficiency

The results presented in this subsection shed light on the extent to which a
REIT’s risk is associated with its operational efficiency ratios. As mentioned
earlier, we measure REIT total risk using annualized stock return volatility and
measure REIT credit risk using the EBITDA-to-Debt ratio. Stock return vola-
tility plays an essential role in the finance literature, including asset pricing,
cost of capital, risk management, and asset allocation. There is ample evidence
that higher volatility is associated with higher expected returns. The EBITDA-
to-Debt ratio measures the ability of a firm to withstand a negative shock to its
profitability without defaulting on its debt obligations. This measure is espe-
cially important for REITs given that the real estate sector is more levered than
most other industry sectors (Morri and Beretta 2008). Moreover, unlike other
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(a) Stock Return Volatility and OER

(b) EBITDA-to-Debt and OER

Fig. 2 Firm risk and operational efficiency. This figure plots REIT’s total risk, which is measured as its
annualized stock return volatility, and Credit Risk, which is measured as EBITDA-to-Debt Ratio, on the
vertical axis against two lagged standardized operational efficiency ratios (OER1 and OER2, respectively) on
the horizontal axis for our sample period (1995–2016). The slope, t-statistics, p-value and adjusted R-squared
are reported on the top of each figure. Standard errors are clustered at the firm level and are heteroscedasticity-
robust. Significance at the 1%, 5% or 10% levels is shown with 3, 2, or 1 asterisks, respectively. All variables
are defined in Appendix A1. Because our regression specification includes lagged variables, we exclude firms
with fewer than two consecutive years of stock return and operational efficiency (OER1) information.
Variables have been winsorized at the 1% and 99% tails of the distributions to avoid the influence of extreme
observations



firms, the ability of REITs to fund investments via internally generated cash
flows is limited due to their mandatory distribution requirement of at least 90%
of earnings to shareholders. As a result, large REIT investments are more likely
to be funded by the use of debt, at least in the short run, or an increase in
share count.

The results from Eq. (3) when stock return volatility is the dependent
variable are reported in Panel A of Table 4. The positive coefficients, 0.078
and 0.045, respectively, of previous year OER1 and OER2 in columns (1) and
(2), with statistical significance at 1%, indicate that REITs with higher efficien-
cy ratios (lower operating efficiency) have, on average, higher stock return
volatility. The results presented with a firm and year fixed effect model as in
columns (3) and (4) are very similar to the results presented in columns (1) and
(2). The results imply that more efficient REITs (lower efficiency ratio) are
exposed to less total return risk.

Regarding the other factors impacting firm level risk, the results are gener-
ally in line with the existing REIT literature (e.g. Tom and Austin 1996; Allen
et al. 2000; Tien and Sze 2003). REITs with higher market capitalization are
associated with lower total risk. Consistent with the REIT literature and what
has been shown in banking (e.g. Demsetz and Strahan 1997), size-related
diversification leads to reductions in firm-specific risk (e.g. Norman et al.
1995; Gyourko and Nelling 1998; Tom and Austin 1996). Younger REITs
appear to be less risky, which warrants additional research and may be related
to the newness of the REIT industry and conversions of private portfolios to
publicly traded vehicles. Variables addressing more geographic diversification
and inclusion in S&P indices, on average, have higher total risk in the property
type and year fixed effect model as in columns (1) and (2). However, those
variables are not statistically significant in the firm and year fixed effect model
as in columns (3) and (4).

Like Fig. 1, Panel A of Fig. 2 plots the univariate results of stock return volatility
versus previous year OER1 and OER2. The slope, t-statistics, p-value and adjusted R-
squared are reported on the top of each figure. The results are consistent with the
findings reported using multivariate regression.

Panel B of Table 4 presents the quintile analysis results. These results
support the results presented in the previous panel. The means and medians
of stock return volatility are monotonically increasing from the first quintile
(highest operational efficiency) to the fifth quintile (lowest operational efficien-
cy) of REITs sorted by previous year OER1 and OER2. The mean (median)
difference between these extreme quintiles are 0.09 (0.05) and 0.08 (0.04) for
OER1 and OER2, respectively, and associated with highly statistical
significance.

When the EBITDA-to-Debt ratio is the dependent variable in Eq. (3), the
results are reported in Panel A of Table 5. The estimated coefficients of OER1
and OER2 in columns (1) to (2) for EBITDA-to-Debt ratio are both negative
(−0.13, and −0.09, respectively) and statistically significant at the 1% level.
Quantitively similar results with a firm and year fixed effect model can be
found in columns (3) and (4). Together, the results imply that more efficient
REITs (lower efficiency ratio) are associated with lower debt levels relative to
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Table 4 Total risk and operational efficiency

Panel A: Regressions

Variables (1) (2) (3) (4)

Stock Return
Volatility

Stock Return
Volatility

Stock Return
Volatility

Stock Return
Volatility

Log Market Capitalization,
t-1

−0.036 −0.037 −0.066 −0.067
[−6.05]*** [−5.83]*** [−5.39]*** [−5.37]***

Leverage, t-1 0.002 0.002 0.001 0.001

[0.67] [0.78] [0.54] [0.56]

Firm Age, t-1 0.008 0.008 0.025 0.024

[1.61] [1.76]* [2.47]** [2.41]**

Geographic Diversification,
t-1

0.028 0.027 0.045 0.046

[2.19]** [2.04]** [1.34] [1.34]

Property Type
Diversification, t-1

−0.012 −0.017 0.018 0.015

[−0.60] [−0.83] [0.48] [0.40]

Firm in S&P Index, t-1 0.020 0.022 0.010 0.011

[2.09]** [2.22]** [0.96] [1.01]

OER1, t-1 0.078 0.039

[4.66]*** [3.08]***

OER2, t-1 0.045 0.019

[3.97]*** [2.07]**

Constant 1.010 1.049 0.544 0.567

[14.85]*** [14.52]*** [6.48]*** [6.56]***

Observations 2440 2440 2440 2440

Adj. R-sq. 0.734 0.730 0.791 0.790

Property Type FE YES YES NO NO

Firm FE NO NO YES YES

Year FE YES YES YES YES

Number of REIT 242 242 242 242

Panel B: Quintiles sorting

Ranking, t Stock Return Volatility, t + 1
Rank by OER1 Rank by OER2

1 0.27/0.22 0.27/0.22

2 0.27/0.21 0.27/0.22

3 0.29/0.22 0.29/0.22

4 0.30/0.23 0.30/0.23

5 0.36/0.27 0.35/0.26

5–1 Spread 0.09/0.05 0.08/0.04

t test [−8.16] *** [−7.02] ***
rank-sum test (−7.69) *** (−7.20) ***

Panel A reports the results of multivariate regressions of REITs’ total risk, which is measured as its annualized
stock return volatility, on their lagged standardized operational efficiency ratios (OER1 and OER2, respec-
tively). The t-statistics are reported in brackets. The coefficients on variables of property type and years are
suppressed from reporting. Standard errors are clustered at the firm level and are heteroscedasticity-robust.
Panel B reports the time-series average of stock return volatility of portfolios sorted by standardized
operational efficiency ratios (OER1 and OER2). The t-statistics from two-sample t-test with equal variances
are reported in brackets. The z-statistics from two-sample Wilcoxon rank-sum test are reported in parentheses.
Significance at the 1%, 5% or 10% levels is shown with 3, 2, or 1 asterisks, respectively. All variables are
defined in Appendix A1. Because our regression specification includes lagged variables, we exclude firms
with fewer than two consecutive years of stock return and operational efficiency (OER1) information.
Variables have been winsorized at the 1% and 99% tails of the distributions to avoid the influence of extreme
observations

REIT Operational Efficiency: Performance, Risk, and Return 423



their cash flow. Aside from the coefficients of interest, we also show that
REITs with lower debt are associated with less credit risk, as expected.

Panel B of Table 5 presents the quintile analysis results. The means and medians of
EBITDA-to-Debt ratio are monotonically decreasing from the first to the fifth quintile.
The spreads of the mean (median) between the two extreme quintiles are 0.11 (0.07)
and 0.10 (0.06) for OER1 and OER2, respectively, and are significant at 1% level in
both the two-sample t-test and Wilcoxon rank-sum test.

Stock Return and Operational Efficiency

As a final step, after examining the relation between operational efficiency and
operational performance and risk, we investigate whether REITs’ operational
efficiency is related to their stock return.

Table 6 presents the OLS regression coefficient estimates of the Fama and
French (1993) three-factor model, the Carhart (1997) four-factor model and the
Fama and French (2015) five-factor model along with a REIT operational
efficiency variable, as in Eq. (4). REIT stock return net of the risk-free rate
is the dependent variable in these regressions. In each of the four specifications,
the operational efficiency ratio used is found to be negative and statistically
significant at the 1% level. More specifically, the estimated coefficients associ-
ated with OER1 in columns (1) to (3) are −9.74, −9.67 and −9.62, respectively,
while those with OER2 in columns (4) to (6) are −6.33, −6.30 and −6.23,
respectively.

The regression analysis indicates that a portion of REIT expected returns that
cannot be explained by the common market factors is associated with REIT
operational efficiency. As the efficiency ratios proposed in this paper measure the
amount of revenue REITs generate relative to their operational expenses, such
information should be unique for each REIT and not related to market-wide shocks
from either real estate or capital markets.

In addition, we obtain the residual excess stock return from the Fama and
French (2015) five-factor model and then explore relations between REIT stock
return and REIT operational efficiency ratios. The results from Eq. (5) are
reported in Table 7. The results provide evidence that more efficient REITs
have, on average, higher stock returns which could not be explained by the
common market factors, even after controlling for size, financing, management,
diversification and growth strategy.16 More specifically, the estimated coeffi-
cients associated with OER1 in columns (1) and (3) are −10.63 and −7.11,
respectively, while those with OER2 in columns (2) and (4) are −6.45 and
−3.57, respectively. The result suggests that REITs that exhibit higher opera-
tional efficiency are associated with higher risk-adjusted stock returns, as
expected. REITs with operational effectiveness and efficiency generate better
results for given portfolios of real estate, which is reflected in stock

16 For robustness, we also obtain residual stock return via the Fama and French (1993) three-factor model and
the Carhart (1997) four-factor model. We find quantitatively similar results. For brevity, these results are not
reported, but are available upon request.
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Table 5 Credit risk and operational efficiency

Panel A: Regressions

Variables (1) (2) (3) (4)

EBITDA-to-Debt EBITDA-to-Debt EBITDA-to-Debt EBITDA-to-Debt

Log Market Capitalization, t-1 −0.003 −0.002 0.004 0.005

[−0.88] [−0.63] [0.41] [0.53]

Leverage, t-1 −0.005 −0.005 −0.003 −0.003
[−3.87]*** [−4.05]*** [−3.35]*** [−3.35]***

Firm Age, t-1 0.010 0.007 −0.003 −0.004
[1.99]** [1.44] [−0.32] [−0.37]

Geographic Diversification, t-1 −0.005 −0.003 0.049 0.047

[−0.31] [−0.20] [1.22] [1.16]

Property Type Diversification, t-1 −0.025 −0.018 0.000 0.002

[−1.12] [−0.79] [0.01] [0.09]

Firm in S&P Index, t-1 0.023 0.021 −0.017 −0.017
[1.86]* [1.64] [−1.47] [−1.52]

OER1, t-1 −0.134 −0.056
[−6.25]*** [−3.30]***

OER2, t-1 −0.086 −0.035
[−5.76]*** [−3.34]***

Constant 0.203 0.153 0.306 0.280

[4.10]*** [3.42]*** [3.77]*** [3.53]***

Observations 2463 2463 2463 2463

Adj. R-sq. 0.229 0.221 0.101 0.099

Property Type FE YES YES NO NO

Firm FE NO NO YES YES

Year FE YES YES YES YES

Number of REIT 247 247 247 247

Panel B: Quintiles sorting

Ranking, t EBITDA-to-Debt, t + 1

Rank by OER1 Rank by OER2

1 0.26/0.20 0.26/0.20

2 0.19/0.18 0.19/0.17

3 0.18/0.16 0.18/0.17

4 0.17/0.15 0.17/0.15

5 0.15/0.13 0.15/0.13

5–1 Spread −0.11/−0.07 −0.10/−0.06
t test [12.67] *** [11.27] ***

rank-sum test (15.88) *** (14.19) ***

Panel A reports the results of multivariate regressions of REITs’ Credit Risk, which is measured as EBITDA-
to-Debt Ratio, on their lagged standardized operational efficiency ratios (OER1 and OER2, respectively). The
t-statistics are reported in brackets. The coefficients on variables of property type and years are suppressed
from reporting. Standard errors are clustered at the firm level and are heteroscedasticity-robust. Panel B reports
the time-series average of EBITDA-to-Debt of portfolios sorted by standardized operational efficiency ratios
(OER1 and OER2). The t-statistics from two-sample t-test with equal variances are reported in brackets. The z-
statistics from two-sample Wilcoxon rank-sum test are reported in parentheses. Significance at the 1%, 5% or
10% levels is shown with 3, 2, or 1 asterisks, respectively. All variables are defined in Appendix A1. Because
our regression specification includes lagged variables, we exclude firms with fewer than two consecutive years
of stock return and operational efficiency (OER1) information. Variables have been winsorized at the 1% and
99% tails of the distributions to avoid the influence of extreme observations
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performance. REIT operational efficiency captures the relative ability to gener-
ate cash flows, which is concomitantly related to management of the firm and
assets related to managerial structure, employee retention, and human capital.

Finally, to determine whether cumulative stock returns are different between
high and low efficiency REITs, we construct portfolios by sorting REITs based
on their previous year standardized operational efficiency ratio (OER1 and
OER2) and then examine the cumulative return differentials for periods of
one to four years after portfolio formation. The results of this analysis are
illustrated in Fig. 3.

A glance at Fig. 3 reveals that, in the medium term, portfolios that consist of low
efficiency REITs materially underperform portfolios that consist of high efficiency
REITs. Specifically, the four-year cumulative return differential between the portfolio
consisting of the bottom 30% of OER1 and the portfolio consisting of the top 30% of

Table 6 Cross-sectional stock return and operational efficiency

Variables (1) (2) (3) (4) (5) (6)

Excess return Excess return Excess return Excess return Excess return Excess return

mktrf 0.546 0.469 0.725 0.546 0.468 0.725

[17.50]*** [14.48]*** [16.92]*** [17.45]*** [14.50]*** [16.96]***

smb 0.544 0.455 0.674 0.544 0.454 0.673

[15.32]*** [12.69]*** [14.18]*** [15.32]*** [12.65]*** [14.21]***

hml 0.543 0.499 0.288 0.543 0.499 0.288

[20.92]*** [17.51]*** [5.48]*** [20.91]*** [17.47]*** [5.49]***

mom −0.144 −0.145
[−5.07]*** [−5.07]***

rmw 0.476 0.475

[7.11]*** [7.13]***

cma 0.075 0.075

[1.12] [1.12]

OER1 −9.738 −9.674 −9.619
[−4.89]*** [−4.84]*** [−4.81]***

OER2 −6.330 −6.301 −6.228
[−4.39]*** [−4.36]*** [−4.28]***

Constant 12.425 14.071 9.392 9.021 10.708 6.010

[6.76]*** [7.41]*** [4.67]*** [6.78]*** [7.65]*** [4.04]***

Observations 3123 3123 3123 3123 3123 3123

Adj. R-sq. 0.238 0.248 0.251 0.237 0.246 0.250

This table presents OLS regression coefficient estimates of REITs’ annual excess return on the Fama and
French (1993) three factors, Carhart (1997) momentum factor and Fama and French (2015) five factors, and a
REIT’ lagged standardized operational efficiency ratios (OER1 and OER2, respectively). The t-statistics are
reported in brackets. Standard errors are clustered at the firm level and are heteroscedasticity-robust. All
variables are defined in Appendix A1. Significance at the 1%, 5% or 10% levels is shown with 3, 2, or 1
asterisks, respectively. Because our regression specification includes lagged variables, we exclude firms with
fewer than two consecutive years of stock return and operational efficiency (OER1) information. Variables
have been winsorized at the 1% and 99% tails of the distributions to avoid the influence of extreme
observations
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OER1 is about 8%, as showed in Panel A. Similarly, the four-year cumulative return
differential between the portfolio consisting of the bottom 30% of OER2 and the
portfolio consisting of the top 30% of OER2 is also as large as 8%, as showed in
Panel B. These results are consistent with the findings we present in Table 5. Portfolios
taken from the more efficient REITs outperform portfolios derived from the less
efficient REITs.

Robustness Checks

Since we use lagged variables in explaining the relationship between REIT
operational performance and operational efficiency in the prior analysis, a

Table 7 Residual stock return and operational efficiency

Variables (1) (2) (3) (4)

Residual Return Residual Return Residual Return Residual Return

Log Market Capitalization, t-1 −0.884 −0.749 −13.394 −13.149
[−2.57]** [−2.10]** [−10.09]*** [−9.47]***

Leverage, t-1 0.090 0.061 −0.180 −0.183
[0.37] [0.25] [−0.68] [−0.69]

Firm Age, t-1 −1.310 −1.469 0.575 0.611

[−2.28]** [−2.46]** [0.32] [0.34]

Geographic Diversification, t-1 −1.250 −1.045 2.715 2.769

[−0.84] [−0.68] [0.45] [0.45]

Property Type Diversification, t-1 −0.881 −0.089 −0.327 0.203

[−0.38] [−0.04] [−0.06] [0.04]

Firm in S&P Index, t-1 −1.393 −1.579 −1.385 −1.490
[−1.23] [−1.37] [−0.82] [−0.88]

OER1, t-1 −10.628 −7.108
[−4.16]*** [−2.02]**

OER2, t-1 −6.448 −3.570
[−3.74]*** [−1.70]*

Constant 15.515 10.842 81.297 77.145

[2.62]*** [1.96]* [8.24]*** [8.00]***

Observations 2537 2537 2537 2537

Adj. R-sq. 0.425 0.422 0.477 0.475

Property Type FE YES YES NO NO

Firm FE NO NO YES YES

Year FE YES YES YES YES

Number of REIT 250 250 250 250

This table reports the results of multivariate regressions of REITs’ residual excess stock return (Residual
Return), which is obtained from the Fama and French (2015) five-factor model, on their lagged standardized
operational efficiency ratios (OER1 and OER2, respectively). The t-statistics are reported in brackets. The
coefficients on variables of property type and years are suppressed from reporting. Standard errors are
clustered at the firm level and are heteroscedasticity-robust. Significance at the 1%, 5% or 10% levels is
shown with 3, 2, or 1 asterisks, respectively. All variables are defined in Appendix A1. Because our regression
specification includes lagged variables, we exclude firms with fewer than two consecutive years of stock
return and operational efficiency (OER1) information. Variables have been winsorized at the 1% and 99% tails
of the distributions to avoid the influence of extreme observations
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correlation table with current period and previous period variables is provided.
The correlation table indicates whether our variables of interest persistent. Panel
A of Table 8 shows the results on the pair-wise correlation of the regression
variables. The operational performance of REITs is strongly correlated with
their previous-year operational performance. The correlation of ROA at year t
and year t-1 is 0.68, while the correlation of ROE at year t and year t-1 is
0.53. There exists high persistence in the operational efficiency measures. The
correlation of current- and previous-year OER1 and OER2 is 0.63 and 0.64,
respectively. More importantly, the correlation of ROA and ROE with current
year OER1 (OER2) is −0.66 (−0.61) and −0.25 (−0.25), respectively, and
previous year OER1 (OER2) is −0.43 (−0.40) and −0.09 (−0.10), respectively.
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(a) Sorted by OER1 

(b) Sorted by OER2 

Fig. 3 Cumulative return of stock portfolios sorted by standardized operational efficiency ratios. This figure
illustrates the one- to four- year cumulative return of stock portfolios sorted by standardized operational
efficiency ratios (OER1 and OER2). We construct portfolios by sorting REITs based on their previous year
OER1 and OER2. Each year, we divide REITs based on the median (or 30 and 70 percentiles) of OER1 and
OER2, and place REITs with above the median (or 70 percentiles) in the low operational efficiency portfolio
and those below the median (or 30 percentiles) in the high operational efficiency portfolio. These portfolios are
rebalanced each year. Then we investigate their one- to four- year cumulative return within each portfolio. All
variables are defined in Appendix A1. Because our regression specification includes lagged variables, we
exclude firms with fewer than two consecutive years of stock return and operational efficiency (OER1)
information. Variables have been winsorized at the 1% and 99% tails of the distributions to avoid the influence
of extreme observations
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As a higher operational efficiency ratio (OER) indicates a less efficient REIT,
this result further suggests the existence of a positive relationship between
REIT operational efficiency and operational performance.

Besides the possibility that lagged dependent variables may cause the coef-
ficients for explanatory variables to be biased downward, if residual autocorre-
lation exists, the correlation results on current period and previous period
variables also motivate us to further examine other relationships. Specifically,
the relationship in cross-section by regressing REIT performance (ROA and
ROE) on their current year standardized operational efficiency ratios (OER1 and
OER2, respectively), while controlling for current year firm size, financing,
management, diversification and growth strategy, as in eq. (1). The results of
this analysis are reported in Panel B of Table 8. The estimated parameters for
OER1 and OER2 are quantitatively and qualitatively greater than those reported
in Tables 2 and 3, where the lagged variables are used. In a property type and
year fixed effect model, the estimated coefficients of current year OER1 are
−7.75 when the dependent variable is ROA and −18.61 when the dependent
variable is ROE. The estimated coefficients of current year OER2 are −5.03
when the dependent variable is ROA and −12.66 when the dependent variable
is ROE, with statistical significance at the 1% level, as in Columns (1), (2), (5)
and (6). The estimated coefficients of current year operational efficiency mea-
sures are quantitatively and qualitatively similar in a firm and year fixed effect
models as in Columns (3), (4), (7) and (8). These consistent results provide a
further evaluation of the sensitivity of the estimated parameters and further
confirming a positive relation between REIT efficiency and performance.

Conclusions

We define REIT operational efficiency and examine the extent to which REIT opera-
tional efficiency is related to operational performance, total risk, credit risk and stock
return. Using a sample of U.S. equity REITs during the modern REIT era (1995–2016),
results show that more efficient REITs are associated with higher operational perfor-
mance measured by return on assets and return on equity. Similarly, the results of our
analysis show that more efficient REITs post lower stock return volatility and are
associated with lower credit risk, measured by their EBITDA-to-Debt ratio. Further-
more, we provide evidence that higher efficiency REITs outperform, on average, lower
efficiency REITs in terms of risk-adjusted cross-sectional stock return as well as in
terms of cumulative stock return in the medium term.

Collectively, our findings illustrate the importance of correctly measuring and
accounting for REIT operational efficiency. This work has potential implications for
REIT management, shareholder relations, REIT valuation, and portfolio allocation
decisions. Moreover, a trading strategy that uses operational efficiency may yield
higher returns. The research opens the door for more research on REIT operational
efficiency to include institutional ownership and governance factors that might impact
operational efficiency. Further research that examines in detail the importance of the
components of REIT revenue and expenses concurrent with management and owner-
ship structure will likely yield considerable insights.
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Appendix

This table presents the definition of variables used in the paper.

Table 9 Definition of variables

Variable Abb. Definition

Return on assets ROA Funds from operations divided by lagged total assets.

Return on equity ROE Funds from operations divided by lagged total equity.

Stock return volatility Return Volatility The annualized standard deviation of daily stock return
at each firm-year.

EBITDA-to-Debt ratio EBITDA-to-Debt The ratio of EBITDA to total debt

Stock Return Stock Return The sum of stock price and dividend paid divided
by lagged stock price, then minus one.

Excess stock return Ret Stock return minus risk-free rate

Standardized operational
efficiency ratio one

OER1 The ratio of the ratio of total expense minus real estate
depreciation and amortization to total revenue to the
mean of the ratio of total expense minus real estate
depreciation and amortization to total revenue of REITs
that have the same real estate property type in the same
year.

Standardized operational
efficiency ratio two

OER2 The ratio of the ratio of total expense minus real estate
depreciation and amortization minus rental operating
expense to total revenue minus expense reimbursements
to the mean of the ratio of total expense minus real estate
depreciation and amortization minus rental operating
expense to total revenue minus expense reimbursements
of REITs that have the same real estate property type in
the same year.

Natural log of Market
capitalization

Size Market capitalization of common equity, assuming the
conversion of all convertible subsidiary equity into
common.

Leverage Ratio Leverage The ratio of total book assets to total book equity.

Year listed Firm Age The natural logarithm of the number of years since IPO.

Geographic
diversification

Geographic
diversification

The negative of the Herfindahl Index of REITs, calculated
using their assets invested in different MSA location,
based on book values.

Property type
diversification

Prop type
diversification

The negative of the Herfindahl Index of REITs, calculated
using their assets invested in different real estate property
type, based on book values.

Firm in S&P Index Firm in S&P
Index

A dummy variable indicating whether a REIT is in S&P index
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