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Abstract
Building on past research regarding the operating efficiency of Real Estate Investment
Trusts (REITs) and recognizing the substantial changes in this industry since the turn of
the millennium, we examine REIT efficiency over the period 2001–2015. Using both
time-varying stochastic frontier and linear models of costs, revenues, and performance
measures, we find evidence showing that the REIT industry is slowly moving away
from both cost and revenue efficiency over time; however, size remains positively
correlated with efficiency. Despite the rapid expansion of asset sizes and evidence of
diminishing efficiencies of scale, larger REITs still enjoy comparative advantages over
smaller REITs in both revenue (production) and costs. We also find evidence that post-
recession efficiencies exceed pre-recession efficiencies, and we document modest
evidence of the “weeding-out” of inefficient enterprises during the market downturn.
The results suggest, through a diverse set of measures, that additional efficiency
opportunities for REITs may be achievable through continued growth and
consolidation.
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Introduction

In the first two decades of this Millennium, the US equity REIT industry has experi-
enced a complete market cycle. REIT industry market capitalization tripled from 2001
to 2006, and then a large part of this growth was erased during the “Great Recession.”
The REIT industry bounced back during the market recovery with significant consol-
idation and increases in market capitalization.1 While the asset size of the average REIT
more than doubled from 2001 to 2015, the market cap of the average REIT increased
more than five-fold during this same period.2

Using REIT operating data from the 1990s to the early 2000s, several early studies
found evidence of economies of scale for REITs (e.g., Bers and Springer 1997;
Ambrose et al. 2005). However, given the post-Millennial expansion of the REIT
industry and growth in the size of the average REIT, some have questioned the ability
of the REIT industry to continue its trend of growth and consolidation. Generally, it is
expected that economies of scale will eventually disappear as the size of an individual
REIT exceeds its optimal design point. REITs that continue to grow beyond this point
will likely experience diseconomies of scale. In any event, one expects the size of the
average REIT to eventually plateau. However, despite the substantive changes in the
market environment of REITs since the early 2000s, the extant literature remains
relatively silent with regard to the continued existence of REIT economies of scale in
the modern era.

In this study, we examine the existence of operating efficiencies, including scale
economies, in US equity REITs from 2001 to 2015. For clarification and consistency in
language, we define economies of scale (scale economies) as a proportionate saving in
costs gained by an increased level of production. More directly, costs increase at a
lower rate than size increases. We define efficiency (X-efficiency) as the effectiveness
with which a given set of inputs is used to produce a given level of output. That is, a
firm is X-efficient if it is producing the maximum output (revenue) from the minimum
quantity (technical efficiency) and correct proportions (allocative efficiency) of inputs
such as labor, capital, and technology.

Our study examines the impact of firm size on REIT costs and profitability during
both market contraction and expansion. As part of our analysis, we address the
following issues. First, despite the rapid growth of REITs in the recent past, we examine
the potential of scale economies as motivation for continued growth and consolidation
in the REIT industry. Second, we consider whether size affects REIT revenue
(production) and cost efficiencies during the growth, contraction, and recovery stages
of the market cycle. Finally, we attempt to deduce whether or not the industry downturn
during the “Great Recession” distorted the relationships between equity REIT size and
operating efficiency.

To examine the motivation for continued growth and consolidation, in the spirit of
Lewis et al. (2003) and Miller et al. (2006), we employ a time-varying stochastic
frontier approach to monitor changes in REIT cost efficiency over the period 2001–

1 The Great Recession (https://www.federalreservehistory.org/essays/great_recession_of_200709)
2 According to the REIT Industry Financial Snapshot (https://www.reit.com/data-research/data/industry-
snapshot) as of September 2017, equity REIT market capitalization reached an all-time high of $1.043 trillion,
with the average REIT having a market cap of $5.5 billion.
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2015. Compared to the time-invariant frontier models utilized in earlier studies, our
time-varying frontier models allow the inefficiency function to vary over time. The
time-varying frontier model is ideal for studying REITs from 2001 to 2015 given the
complete market cycle observed during this period.

Our results suggest that the cost efficiency of the average equity REIT is 54% of the
most efficient REIT operating on the stochastic efficiency frontier.3 Although the US
equity REIT industry is slowly moving away from cost efficiency over time, size is still
positively correlated with REIT cost efficiency. We also use the time-varying stochastic
frontier approach to monitor changes in REIT revenue efficiency. Our findings are
consistent with those of the cost analysis. We find size remains positively correlated
with REIT revenue efficiency throughout our sample period. Although our model
suggests the US equity REIT market is slowly moving away from revenue efficiency
over time, this trend is not statistically significant.

To examine cost and revenue efficiencies over the market cycle, we employ a series
of linear models with various cost and revenue measures as the dependent variables,
parsing the data by time periods. The results confirm the stochastic frontier analysis in
that, despite the rapid expansion of size and some evidence of diminishing efficiencies
of scale, larger REITs still enjoy comparative advantages over smaller REITs in both
cost savings and revenue growth.

Finally, we find evidence that post-recession (recovery) cost and revenue efficiencies
exceed pre-Recession efficiencies, perhaps due to the “weeding-out” of inefficient
enterprises during the market downturn. Limiting our analysis to REITs that were
operating prior to the recession, we find modest evidence that REITs which survived
the downturn market of 2007–2008 (Survivors) were larger, had higher operating
revenue levels, lower operating expense levels, and lower debt-to-asset ratios.

Literature Review

Early research on economies of scale for REITs focuses almost exclusively on econ-
omies of cost. Generally speaking, these studies show that scale economies indeed
existed with respect to costs, providing a substantive reason for continued growth of the
industry and in the size of individual REITs in the early 1990s. For example, using
trans-log cost functions, Bers and Springer (1997) find significant evidence of cost
economies of scale for the period 1992–1994, a period of time where REITs were
transitioning into the “modern REIT era.”

Soon thereafter, frontier methodologies were introduced to examine the relationship
between size and levels of efficiency in REITs. Using data envelopment analysis
(DEA), Anderson et al. (2002) find most REITs operating at increasing returns to scale
over the 1992–1996 study period. They also find that REITs are inefficient as a result of
poor input utilization and the failure to operate at constant returns to scale. A later paper
by Topuz et al. (2005) determines that the inefficiency of REITs is a consequence of a
high level of input use and not a result of an incorrect mix of inputs. Using a time-

3 The results from our stochastic frontier model for cost efficiency indicate a λ = 1.83. As noted by when
computed as mean relative efficiency, this figure is inverted, 1/λ, to give 0.54 on a scale of (0,1). See p. 438 of
Meeusen and van den Broeck (1977).
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invariant stochastic frontier model on data during the period of 1995–1997, Lewis et al.
(2003) find most REITs enjoying increasing returns to scale. Alternatively, Ambrose
et al. (2000) find no evidence of economies of scale for multifamily REITs from 1990
to 1997.

Using a longer sample period of 1990–2001, Ambrose et al. (2005) examine REIT
growth in terms of revenue generation and profitability, as well as the traditional cost-
based frontier model. The results from their time-invariant stochastic frontier model
confirm economies of scale in terms of costs. Furthermore, they find large companies
have superior ability in lowering costs, specifically in G&A expenses. They also find a
direct relationship between firm profitability and firm size, but the magnitude of these
documented advantages diminishes as REIT size increases. They also find that REIT
risk decreases with size.

It should be noted that much of this early research coincided with the transition of
the REIT sector into the “modern REIT era” following the Tax Reform Act of 1993 and
the REIT Modernization Act of 1999. Prior to the passage of these two pieces of
legislation, there were fewer REITs, firms were smaller on average, and property
portfolios were generally more ad-hoc. The REITs of the modern era tend to be
substantially larger, more vertically integrated, more institutional, and professionally
managed. Using a more recent data series of 1995–2003, Miller et al. (2006) find little
evidence of scale economies and they document diseconomies of scale in some cases.
Similarly, Topuz and Isik (2009) note that REIT efficiency increased during the early-
to mid-1990’s, but average productivity declined and technology regressed, suggesting
that REITs may have overextended themselves as most were suffering from disecon-
omies of scale by the late 1990’s. Thus, as study periods enter into the new millennium
the evidence of scale economies is not as apparent.

The general conclusion of Miller et al. (2006) and Topuz and Isik (2009) is that
economies of scale eroded by the turn of the millennium and they present modest
evidence of diseconomies of scale. The implication is that REITs grew too big, and
scale economies are only available with smaller REITs. Their findings suggest that, as
the industry has evolved and become more institutional, REIT managers have
responded to the perception that analysts and investors expect growth. Thus, REIT
managers may have grown REITs purely for the sake of growth, not for benefits
resulting from increased scale or scope. In fact, Xu and Ooi (2018) look at individual
REIT growth opportunities over the 1992–2012 period and find that 44.5% of these
opportunities are suboptimal or result in decreasing returns to scale. Further, they find
that larger REITs were more likely to engage in these suboptimal expansions.4

Interestingly, Isik and Topuz (2017) present a different perspective: new REITs
outperform established REITs; that is, REITs are born efficient. The outperformance
of new firms is attributed to many factors including smart regulations, timing, a larger
entry size, lower leverage, property focus, and location. The idea is that the new
generation of REITs are born large and efficient. So, scale matters, but the markets
still assess the quality of size and growth.5

4 Consistent with Xu and Ooi (2018), Sun, Titman, and Twite (2015) find that valuations of large REITs
declined more than those of smaller REITs during the financial crisis and REIT market downturn of 2007–
2008.
5 Feng et al. (2011) provide a thorough review of the literature on equity REIT research.
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Data and Descriptive Statistics

To examine the issue of REIT efficiency in the new millennium, we obtain a sample of
2360 firm-years for 297 unique publicly-traded U.S. equity REITs from January 2001
to December 2015. Company information and the financial data for each REIT are
obtained from S&P Global Market Intelligence (formerly SNL Financial). The vari-
ables used in the study are defined in Table 1.

Table 2 provides the descriptive statistics of the overall sample.6 Panel A of
Table 2 provides the descriptive statistics for the continuous variables, and
Panel B of Table 2 shows the descriptive statistics of the discrete variables.
Highlighting the importance of advising and management structure identified by
Ambrose et al. (2005), approximately 90.4% of the sample observations are
from internally-advised REITs. Likewise, approximately 78.5% of the sample
are identified as self-managed REITs.7 At the high end, retail REITs account for
20.7% of the sample. At the low end, storage REITs account for approximately
2.6% of the sample. Interestingly, about 3.6% of the REIT-year observations
have a leverage ratio over 80%, while 52.5% of the sample has a leverage ratio
between 50% and 80%.

Panel C of Table 2 provides the distribution of observations by year,
allowing for identification of unique REITs observed as well as mean values
for Total Assets and Market Capitalization each year. As noted earlier, REITs
experienced a dramatic period of growth in both total assets and market
capitalization over the sample period. Interestingly, the average level of total
assets did not decline until after the end of the downturn market (2010 and
2011), and then only slightly. However, market capitalization was slashed over
48% from the end of 2006 to the end of 2008, and the 2006 level of market
capitalization was not eclipsed until 2011. It is also interesting that average
market capitalization of equity did not exceed average total assets until 2012.

To examine changes to the efficiency of the REIT industry over time, we parse the
2001–2015 sample period into the following sub-periods based on their distinct market
conditions:

(1). The Growth Market (2001–2006), 40.7% of our observations: During this period,
the FTSE NAREIT All-Equity REIT Index increased 223.3%;

(2). The Downturn Market (2007–2008), 11.2% of our observations: During this
period, the FTSE NAREIT All-Equity REIT Index declined by 47.5%; and

(3). The Recovery Market (2009–2015), 48.1% of our observations: During this
period, the FTSE NAREIT All-Equity REIT Index increased by 187.4%.8

6 Some REIT-year observations do not have complete income statement data recorded in S&P Global Market
Intelligence. When available, the income statement data was supplemented with Compustat data as a
secondary source.
7 Self-Advised and Self-Managed binary variables are set according to the date the firm elects self-advised or
self-managed status.
8 The monthly and annual index data for the FTSE Nareit U.S. Real Estate Index Series is available at the
following: https://www.reit.com/data-research/reit-indexes/annual-index-values-returns. The Index values
used are as follows: 3002.97 (December 31, 2000); 8185.75 (December 31, 2006); 5097.46 (December 31,
2008); 14,650.51 (December 31, 2015).
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Panel A of Table 3 provides descriptive statistics of our primary variables of interest
across the three sub-periods noted above. Panel B of Table 3 goes on to provide tests

Table 1 Definitions of Variables a

Variable Description

Total Assets Total Assets

Market Capitalization End of year share price × number of shares outstanding

Total Revenue Total revenue

Annual Asset Growth Year-over-year percentage change in Total Assets

G&A Expense General and Administrative Expense

G&A Expense / Total
Revenue

General and Administrative Expense / Total Revenue

Operating Revenue Total rental revenue from all real estate assets.

Operating Revenue /
Total Assets

Operating Revenue / Total Assets

Operating Expenses Total expense resulting from operating and maintaining all real estate assets

Operating Expenses /
Total Assets

Operating Expenses / Total Assets

NOI Net Operating Income

Property ROA Net Operating Income / Total Assets

NOI / Total Revenue Net Operating Income / Total Revenue

FFO Funds from Operations

FFO / Total Revenue Funds from Operations / Total Revenue

Asset Turnover Ratio Total Revenue / Total Assets

Operating Expenses Real estate operating expenses

Interest Expense Interest expense on debt

Total Expenses Total expenses

Cost of Debt Interest Expense / Total Debt

Leverage Ratio Total Debt / Total Assets

High-Leverage Binary variable for Leverage Ratio ≥ 0.80 (1) vs. Leverage Ratio < 80 (0)

Moderate-Leverage Binary variable for 0.50 ≤ Leverage Ratio < 0.80 (1) vs. Leverage Ratio < 0.50 (0)

Self-Managed Binary variable for REIT management status: self-managed (1) vs. not self-managed
(0)

Internal-Advisor Binary variable for REIT advising style: internally advised (1) vs. externally advised
(0)

Investment Focus Binary variables for the REIT’s investment focus or property-type (Health Care,
Hotel, Industrial, Residential, Office, Retail, Storage and Specialty and Diversi-
fied): True (1) vs. False (0)

Region Binary variables for geographic location of the REIT (Northeast,Midwest, West, and
South): True (1) vs. False (0)

Market Conditions Binary variables for time sub-period (Growth Market of 2001–2006, Downturn
Market of 2007–2008, Recovery Market of 2009–2015): True (1) vs. False (0)

a. Company information and financial data are from S&P Global Market Intelligence (formerly SNL
Financial). The sample consists of 2360 REIT-year observations on 297 unique publicly-traded U.S. equity
REITs from January 2001 to December 2015
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for statistical difference in mean values across these market condition sub-periods.
While the data clearly indicates that the average Recovery Market (2009–2015) REIT is
substantially different from the average Growth Market (2001–2006) REIT for most
variables considered, asset growth and leverage are noticeably similar. In fact, the first

Table 2 Descriptive Statistics (N = 2360) a

Panel A: Continuous Variables b

Observations Mean Std. Dev.

Total Assets ($ million) 2360 3035.54 3152.98

Market Capitalization ($ million) 2360 2733.68 5524.72

Total Revenue ($ million) 2327 462.91 487.50

Annual Asset Growth (%) 2254 6.97 21.80

Asset Turnover Ratio (%) 2327 16.33 10.30

Total Debt ($ million) 2360 1573.32 1677.21

Property ROA (%) 2330 7.99 3.16

NOI ($ million) 2330 245.01 249.28

NOI / Total Revenue (%) 2327 57.19 18.82

FFO ($ million) 2134 152.74 163.50

FFO / Total Revenue (%) 2125 33.44 19.88

G&A Expense ($ million) 2295 27.86 29.60

G&A Expense / Total Revenue (%) 2295 9.56 16.17

Operating Expenses ($ million) 2180 291.20 320.73

Interest Expense ($ million) 2357 80.28 86.57

Total Expenses ($ million) 2252 397.20 420.30

Cost of Debt (%) 2357 5.30 2.15

Leverage Ratio (%) 2360 50.94 17.59

Panel B: Discrete Variables c

Observations Mean Binary = 1

Internal-Advisor 2360 0.904 2133

Self-Managed 2360 0.785 1853

Diversified 2360 0.135 318

Health Care 2360 0.085 200

Hotel 2360 0.106 250

Industrial 2360 0.058 137

Residential 2360 0.130 307

Office 2360 0.156 368

Retail 2360 0.207 489

Storage 2360 0.026 61

Specialty 2360 0.098 231

Moderate-Leverage 2360 0.525 1239

Growth Market 2360 0.407 960

Downturn Market 2360 0.112 264

Recovery Market 2360 0.481 1136
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column shows that asset growth statistically declined from the Growth Market (2001–
2006) period to the Downturn Market (2007–2008) period. REIT asset growth has
since increased, but the increase is not statistically significant.

Similarly, Panel B of Table 3 also shows that REITs relied heavily on debt
during the Downturn Market (2007–2008), increasing average total debt by
approximately $702 million and increasing the average leverage ratio by 2.77%.
In fact, we find over that the number of observations with a high leverage ratio
increased by a statistically significant 2%, and the number of observations with
moderate leverage increased by a statistically and economically significant 8%.
Following the financial crisis, REITs did not continue to increase leverage.
Instead, the average REIT’s total debt fell a statistically insignificant amount
($30.77 million) from the Downturn Market (2007–2008) to the Recovery Market
(2009–2015). However, thanks to declining debt and increasing total assets, the
average leverage ratio fell by a statistically and economically significant 3.23%.
Moreover, the percentage of moderate leverage firms declined by 11% from the
Downturn Market (2007–2006) to the Recovery Market (2009–2015), falling
below the Growth Market (2001–2006) period by a statistically significant 4%.

Table 2 (continued)

Panel C: Distribution of Observations Across Time d

Unique
REITs

Percentage (%)
[Cumulative (%)]

Mean Total
Assets
($ million)

Mean Market
Capitalization
($ million)

2001 165 6.99 [6.99] 1725.39 941.38

2002 160 6.78 [13.77] 1926.31 1004.48

2003 158 6.69 [20.47] 2100.90 1414.00

2004 167 7.08 [27.54] 2175.96 1744.82

2005 164 6.95 [34.49] 2483.56 2014.45

2006 146 6.19 [40.68] 3015.34 2946.81

2007 133 5.64 [46.31] 3341.71 2435.54

2008 131 5.55 [51.86] 3527.82 1526.50

2009 134 5.68 [57.54] 3417.87 2252.67

2010 145 6.14 [63.69] 3385.91 2868.00

2011 149 6.31 [70.00] 3409.37 3111.66

2012 157 6.65 [76.65] 3547.87 3796.66

2013 173 7.33 [83.98] 3636.46 3798.90

2014 186 7.88 [91.86] 3850.69 4704.08

2015 192 8.14 [100.00] 3964.01 5332.91

a. Company information and financial data are from S&P Global Market Intelligence (formerly SNL
Financial). The sample consists of 2360 REIT-year observations on 297 unique publicly-traded U.S. equity
REITs from January 2001 to December 2015. The variables are defined in Table 1
b. Panel A presents the descriptive statistics for all continuous variables
c. Panel B presents the descriptive statistics for binary variable related to firm classifications
d. Panel C presents the time distribution of observations, including the number of unique REITs per year, and
the corresponding values for mean Total Assets and Market Capitalization
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Table 3 Descriptive Statistics by Market Conditions a

Panel A: Descriptive Statistics by Market Conditions b

Variables Growth Market
2001–2006

Downturn Market
2007–2008

Recovery Market
2009–2015

Mean Std. Dev. Mean Std. Dev. Mean Std. Dev.

Total Assets ($ million) 2224.76 2613.20 3434.11 3343.40 3627.10 3368.69

Market Capitalization ($ million) 1657.92 2595.64 1984.46 2952.65 3814.71 7309.08

Total Revenue ($ million) 351.60 416.87 518.87 502.34 542.63 520.03

Annual Asset Growth (%) 8.10 23.93 4.98 20.59 6.48 20.05

Asset Turnover Ratio (%) 16.73 10.06 17.09 11.31 15.83 10.24

Total Debt ($ million) 1171.33 1425.86 1873.32 1882.03 1842.55 1739.90

Property ROA (%) 8.75 3.12 8.44 2.93 7.90 3.20

NOI ($ million) 188.92 212.91 269.67 250.01 286.10 267.77

NOI / Total Revenue (%) 58.35 18.35 56.57 18.58 56.37 19.21

FFO ($ million) 120.18 142.54 162.27 164.53 177.55 174.64

FFO / Total Revenue (%) 34.88 20.34 33.41 20.11 32.25 19.39

G&A Expense ($ million) 19.76 23.93 31.53 30.80 33.71 31.95

G&A Expense / Total Revenue (%) 8.84 12.50 9.38 13.52 10.19 19.11

Operating Expenses ($ million) 212.74 278.20 321.81 335.95 349.34 336.45

Interest Expense ($ million) 64.37 75.04 97.10 94.67 89.77 91.48

Total Expenses ($ million) 295.70 362.05 448.12 439.45 471.67 443.92

Cost of Debt (%) 5.88 2.36 5.63 3.03 4.73 1.47

Leverage Ratio (%) 50.85 17.01 53.62 18.38 50.39 17.85

Internal-Advisor (Binary) 0.92 0.27 0.91 0.29 0.89 0.32

Self-Managed (Binary) 0.80 0.40 0.81 0.39 0.77 0.42

High Leverage (Binary) 0.03 0.17 0.05 0.23 0.04 0.19

Moderate Leverage (Binary) 0.53 0.50 0.61 0.49 0.50 0.50

Panel B: Difference in Means Between Market Conditions c

Variables Downturn Market
2007–2008 LESS
Growth Market
2001–2006

Recovery Market 2009–2015 LESS

Growth Market
2001–2006

Downturn Market
2007–2008

Total Assets ($ million) 1209.35*** 1402.34*** 192.99

Market Capitalization ($ million) 326.84 2156.80*** 1830.26***

Total Revenue ($ million) 167.24*** 191.00*** 23.75

Annual Asset Growth (%) −3.11* −1.61 1.50

Asset Turnover Ratio (%) 0.36 −0.90** −1.26*
Total Debt ($ million) 701.98*** 671.21*** −30.77
Property ROA (%) −0.31 −0.85*** −0.54**
NOI ($ million) 80.75*** 97.18*** 16.43

NOI / Total Revenue (%) −1.78 −1.98** −0.20
FFO ($ million) 42.09*** 57.37*** 15.28

FFO / Total Revenue (%) −1.46 −2.63*** −1.16
G&A Expense ($ million) 11.76*** 13.95*** 2.18

G&A Expense / Total Revenue (%) 0.54 1.34* 0.81
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Methods

Stochastic Frontier Model for Costs and Revenues

For our first method of analysis, we follow the time varying stochastic frontier model
introduced in Aigner et al. (1977) and Meeusen and van den Broeck (1977). This
method allows a firm’s deviations from its optimal frontier (inefficiency) to vary over
time. Each specification yields an estimate of efficiency based on the frontier under
consideration, cost or revenue. Whereas cost efficiency measures how efficiently a
REIT produces output, revenue efficiency measures how effectively a REIT sells its
output. Compared to the time-invariant efficiency assumptions made in Ambrose et al.
(2005) and Lewis et al. (2003), our time-varying frontier model is more appropriate for
our study period due to the drastic changes which have occurred in the REITs industry
during our 15-year observation period.

The Cost Frontier

We begin with a cost frontier analysis documented by Kumbhakar and Lovell (2003)
where the actual cost expended in producing a bundle of outputs is compared to the
minimum cost necessary for production of the that same bundle of outputs. Empirically,
the model assumes that expenses for REIT i at time t, Expensesi,t, follows eq. (1):

Expensesi;t ¼ λi;t � f xi;t;β
� �� exp vi;t

� � ð1Þ

where xi, t is a vector of a REIT’s attributes that affect expenses at time t. As in Berger

and Mester (1997), the efficiency parameter, λi, t, calculated as
Minimum Expensesi;tRequired

Observed Expensesi;t
,

Table 3 (continued)

Operating Expenses ($ million) 109.07*** 136.59*** 27.52

Interest Expense ($ million) 32.73*** 25.40*** −7.32
Total Expenses ($ million) 152.43*** 175.98*** 23.54

Cost of Debt (%) −0.25 −1.15*** −0.90***
Leverage Ratio (%) 2.77** −0.46 −3.23***
Internal-Advisor (%) −0.01 −0.03** −0.02
Self-Managed (%) 0.01 −0.03* −0.04
High Leverage (%) 0.02* 0.01 −0.01
Moderate Leverage (%) 0.08** −0.04* −0.11***

a Company information and the financial data are obtained from S&P Global Market Intelligence (formerly
SNL Financial). The sample consists of 2360 REIT-year observations on 297 unique publicly-traded U.S.
equity REITs from January 2001 to December 2015. Variables are defined in Table 1. The first “growth
market” period (2001 to 2006) sample has 960 REIT year observations. The meltdown period (2007 to 2008)
sample has 264 REIT year observations. The recovery and second growth period (2009 to 2015) sample has
1136 REIT year observations
b Panel A presents descriptive statistics for each market condition sub-period
c Panel B presents a difference in means analysis between the three market condition sub-periods: * p < 0.10,
** p < 0.05, *** p < 0.01
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represents the sample’s cost efficiency and has values between 0 and 1. When λi, t has a
value of 1, it implies that REIT i is minimizing expenses without any relative ineffi-
ciency. That is, the most efficient firm under the cost frontier specification receives, by
construction, a score of 1. Whereas λi, t <1 implies that REIT i has an inefficient
operating cost structure in year t. Finally, exp(vi, t) represents random shocks that REIT i
faces at time t. As noted by Rogers (1998), “this estimate of cost efficiency includes
both technical efficiency, using too many inputs to produce [output quantities], and
allocative efficiency, using sub-optimal proportions of each of the inputs and outputs
given the prevailing market prices.”9

Taking the natural logarithm of both sides of eq. (1) yields the following:

ln Expensesi;t
� � ¼ ln f zi;t;β

� �� �þ vi;t þ ui;t ð2Þ

assuming that there are n input factors which affect REIT costs, and the cost function is
linear in natural logarithmic form. If we denote − ln(λi, t) as ui, t, we can rewrite eq. (2)
as:

ln Expensesi;t
� � ¼ β0 þ ∑k

j¼1β jln xi;t; j
� �þ vi;t þ ui;t ð3Þ

where ui, t ≥ 0 since 0 ≤ λi, t ≤ 1.10 The time-varying inefficiency variable ui, t from t = 1
to t=Ti can be expressed as:

ui;t ¼ exp −η t−Tið Þf g � ui ð4Þ

where ui∼Nþ μ;σ2
u

� �
. The estimate η indicates the magnitude and trend of REIT

inefficiency, with η < 0 indicating that the level of inefficiency of the industry increases
over time and η > 0 indicating the level of inefficiency of the industry decays to the
base level.

More specifically, we estimate the following stochastic frontier model with time-
varying techniques to show how REIT operating efficiency evolves over time.

ln Expensesi;t
� � ¼ β0 þ β1ln Sizei;t

� �þ β2ln Sizei;t
� �2 þ ∑k

j¼3β jxi; j;t þ εi;t ð5Þ

where ln(Expensesi, t) is the natural logarithm of total operating expenditures reported
by REIT i in year t. Sizei, t is the amount of total assets held or the market capitalization
of REIT i in year t.

Using the stochastic frontier model, cost efficiency is measured as the distance
between the observed expenses and the minimum cost frontier assuming no inefficien-
cy. That is, the cost efficiency measure is REITs actual costs as a percentage of their
optimal costs. This measure takes on values in the range (0, 1), with 1 being efficient.
Also, the coefficients on the variables measuring REIT size are indicators of scale
efficiency.

9 Rogers (1998) utilizes the Aigner et al. (1977) and Meeusen and van den Broeck (1977) stochastic frontier
model in examining cost, revenue and profit frontiers of commercial banks.
10 Badunenko et al. (2008) demonstrate that input prices, which are generally unknown at the firm level, are
not necessary to estimate allocative efficiency.
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Finally, using the translog specification, the cost elasticity can be calculated as
follows:

Cost elasticity ¼ ∂ln Costsð Þ
∂ln Sizeð Þ ¼ Marginal Cost

Average Cost
¼ β1 þ 2β2ln Sizeð Þ ð6Þ

where β1 is the estimated coefficient for ln(Size) and β2 is the estimated coefficient for
ln(Size)2. The elasticity is calculated using the estimated coefficients from the models
and values of the variable measuring REIT size.11

The Revenue Frontier

For revenue, we employ original specification of the Aigner et al. (1977) and Meeusen
and van den Broeck (1977) model where the actual revenue generated by a particular
bundle of outputs is compared to the maximum possible revenue for the same bundle of
inputs.12 Empirically, the model assumes output prices are exogenous and production
quality, or revenue, for REIT i at time t, Revenuei,t, follows Eq. (7):

Revenuei;t ¼ λi;t � f xi;t;β
� �� exp vi;t

� � ð7Þ

where xi, t is a vector of inputs that REIT i uses to produce revenue at time t. The
efficiency estimate λi, t, calculated as Observed Revenuei;t

Maximum Revenuei;t achievable
, represents the sample’s

managerial efficiency and has values between 0 and 1. Again, when λi, t has a value of
1, it implies that REIT i is maximizing revenue without any inefficiency. Whereas λi, t

taking the value of 0 implies that REIT i is too inefficient to produce revenue in year t.
As noted by Rogers (1998), in the revenue frontier, “inefficiency results from the
improper choice of input or output quantities.” Finally, like before, exp(vi, t) represents
random shocks that REIT i faces at time t.

Taking the natural logarithm of both sides of eq. (7) yields the following:

ln Revenuei;t
� � ¼ ln f zi;t;β

� �� �þ vi;t−ui;t ð8Þ

assuming there are n input factors which affect REIT production, and the production
function is linear in natural logarithmic form. If we denote − ln(λi, t) as ui, t, we can
rewrite eq. (8) as:

ln Revenuei;t
� � ¼ β0 þ ∑k

j¼1β jln xi;t; j
� �þ vi;t−ui;t ð9Þ

11 The elasticity measure shows negative elasticities disappearing at a value of ln(Total Assets) of approxi-
mately 2.5, corresponding to Total Assets of $12.18 million. While this result is confounded by the time
component of the panel data, the small REIT size at which this happens suggests that any REITs on the
downslope of the inverse U-shaped cost curve occurred early in the study period. Numerical analysis also
suggests that all REIT observations had elasticities less than one (1), suggestive of economies of scale.”
12 Devaney and Weber (2005) utilize a directional output distance function to construct a risk/return frontier.
Their process identifies firm performance as a production process in which each REIT produces a desirable
output (return) and an undesirable output (risk) using inputs of managerial effort and financial capital.
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where ui, t ≥ 0 since 0 ≤ λi, t ≤ 1. Same as in the cost frontier model, the time-varying
inefficiency variable ui, t from t = 1 to t=Ti in the revenue model is expressed as:

ui;t ¼ exp −η t−Tið Þf g � ui ð10Þ

where ui∼Nþ u;σ2
u

� �
. The parameter η indicates the magnitude and trend of REIT

managerial inefficiency, with η < 0 indicating that the level of inefficiency of the
industry increases over time and η > 0 indicating the level of inefficiency of the
industry decreases to the base inefficiency level ui .

We estimate the following time-varying stochastic frontier model show how REIT
operating efficiency evolves over time.

ln Revenuei;t
� � ¼ β0 þ β1ln Sizei;t

� �þ β2ln Sizei;t
� �2 þ ∑k

j¼3β jxi; j;t þ εi;t ð11Þ

where ln(Revenuei, t) is the natural logarithm of total revenue reported by REIT i in year
t. Sizei, t is the amount of total assets held or the market capitalization of REIT i in year
t.

For interpretation, the revenue efficiency is measured as the ratio of REITs actual
revenue as a percentage of their optimal revenue. The values of this measure have a
range of (0, 1) with 1 indicating efficiency.

Linear Models for Costs and Revenues

To supplement the stochastic frontier model, we use the following linear model to
examine various factors which may affect REIT efficiency under different market
conditions:

yi;t ¼ β0 þ β1ln Sizei;t
� �þ β2ln Sizei;t

� �2 þ ∑k
j¼3β jxi; j;t þ εi ð12Þ

where the dependent variables, yi, t, for the individual models are selected accounting
measures of REIT costs and revenue (production).

The extant literature attributes the reduction of general and administrative costs
(G&A Expenses) and financing costs to be drivers of REIT managerial efficiency (see
for example Bers and Springer 1997; Bers and Springer 1998; Capozza and Seguin
1998; and Ambrose et al. 2005). If economies of scale exist in REITs, general and
administrative costs are most likely to decrease as REITs grow larger because these
costs are not directly related to the operation of investment properties. Similarly, the
REIT’s cost of debt is expected to decrease as a REIT grows because larger REITs have
better access to institutional capital. To estimate the scale efficiency effects for ex-
penses, we use the traditional measures of G&A Expense / Total Revenue and Cost of
Debt, defined as total interest expense divided by total debt.

Next, we use four financial ratios to estimate the scale efficiency effects associated
with revenue (production). Asset Turnover, defined as Total Revenue/Total Assets, is an
indicator of the efficiency with which a REIT is deploying its assets in generating
revenue. The Property ROA, defined as Net Operating Income/Total Assets, also
increases with increases in operating efficiency. Ceteris paribus, a higher Property
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ROA indicates that a REIT achieves a higher rate of return from its real estate assets.
The last two measures, NOI / Total Revenue and FFO / Total Revenue, consider the
percentage of revenue derived from real estate investments.

To account for other factors that may affect these profitability and cost
measures, a vector of time-varying REIT characteristics,xi, j, t, is incorporated
into the analysis. This includes variables such as the REIT’s Leverage Ratio,
Annual Asset Growth, and binary variables to account for the REIT’s manage-
ment style (self or external), advising type (internal or external), geographic
(regional) location, and investment focus. Changes to a REIT’s financial lever-
age impact both the risk and the return of a REIT as a REIT grows in size.
Annual Asset Growth, measured as the year-over-year percentage change in a
REIT’s total assets, accounts for the impact of the rate of growth on scale
efficiencies. A faster growing REIT is burdened with larger transaction costs
which may serve to delay the recognition of any efficiencies. While externally-
managed REITs have been shown to appear to be less efficient because they
benefit more by an increase in asset size (Anderson et al. 2000), self-
management of a REIT has also been shown to be associated with less
efficiency (Miller et al. 2006). We also include year indicator variables to
control for market conditions that affect the performance of all REITs in a
given year. Following Petersen (2009), the standard error is clustered at the
firm level for all linear models examined.

Crisis Consolidation Hypothesis

As noted earlier, when comparing the Recovery Market (2009–2015) to the Growth
Market (2001–2006), it appears that many of the variables changed significantly as a
result of the “great recession.” Examination of Panel B of Table 3 shows several
statistically and economically significant changes from the Growth Market (2001–
2006) to the Downturn Market (2007–2008); however, the changes from the Downturn
Market (2007–2008) to the Recovery Market (2009–2015) are relatively fewer in
number, the most notable exceptions are the increase in Market Capitalization and
the decrease in leverage.

Looking closer at Panel B of Table 3, we note that the REIT industry
continued to grow in Total Assets during the Downturn Market (2007–2008),
but not Market Capitalization. This is consistent with Mulherin and Womack
(2015) who document 17 REIT mergers during the Downturn Market (2007–
2008); REITs may not have disappeared, but they may have consolidated.13

Given we find evidence of changes from pre-recession to post-recession, and
given the consolidation in the number of REITs during this important period,
we hypothesize that the industry underwent a “weeding-out” of smaller, less
efficient enterprises during the market downturn.

13 These results compare closely to the significant decline in the number of REITs during the Downturn
Market (2007–2008) shown in Panel C of Table 2 as well as the significant increase in REIT total assets during
the Downturn Market (2007–2008) shown in Panel B of Table 3. Mulherin and Womack (2015) also
document evidence of 22 mergers in 2006 alone. To limit our sample to REITs which were merged or
otherwise eliminated during the Downturn Market (2007–2008), we require a REIT to report in 2016 to be
considered a Survivor or Non-Survivor.
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To evaluate this hypothesis, we first identify all REITs in our sample in 2006, the last
year of the Growth Market (2001–2006). We then parse the 2006 sample based on
downturn market ex-post survival outcomes. That is, for all 2006 REIT observations,
we identify those reporting results in 2009 (Survivors) and those which do not report
results in 2009 (Non-Survivors).14 These summary statistics are presented in Table 4.

While the magnitude of the means for most variables are economically different for
Survivors vs. Non-Survivors, due to the relatively small size of the two subsamples,
only a few variables appear to be statistically different. Specifically, we find that mean
values for NOI/Total Revenue and FFO/Total Revenue are statistically and economi-
cally larger for Survivors versus Non-Survivors. We also find evidence that Survivors
have statistically smaller leverage ratios than Non-Survivors. Finally, as shown in Panel
B of Table 4, Hotels are more likely to be Non-Survivors while Industrial REITs were
more likely to be Survive. In fact, no storage or industrial REITs failed during the
Downturn Market (2007–2008).

Second, we identify the determinants of a REIT’s downturn market ex-post survival
outcomes. That is, we examine the characteristics which impact the likelihood of a
REIT in 2006 remaining in the sample to report in the year following the great
recession, 2009. Using the Growth Market (2001–2006) subsample, we estimate the
following time-series cross-sectional logit model:

Survivori ¼ β1ln Total Assetsi;t
� �þ ∑k

j¼2β jxi; j;t þ εi;t ð13Þ

where, as mentioned above, Survivori is a binary variable equal to one (1) if a REIT i
meets both of the following conditions (A) reports in 2006 and (B) reports results for
2009, zero (0) otherwise.15 While the main variable of interest is size, measured as
ln(Total Assetsi,t), the logit model also includes measures for revenue efficiency
(Operating Revenue / Total Assetsi,t), cost efficiency (Operating Expenses / Total
Assetsi,t), leverage (Leverage Ratioi,t), and binary variables for advising status, man-
agement status, and property focus. If the industry experienced a “weeding-out” of
smaller, inefficient enterprises during the Downturn Market (2007–2008), we expect to
find a positive coefficient on ln(Total Assets), a positive coefficient on Operating
Revenue / Total Assets, and a negative coefficient onOperating Expenses / Total Assets.

As a third method of examining this hypothesis, we utilize the time varying
stochastic frontier model discussed in Section 4.1 to compute the cost and revenue
efficiency of firms which weathered the great recession and survived from 2006 to
2009 (Survivor) compared to those which did not survive from 2006 to 2009 (Non-
Survivor). Similar to the panel logit model, if the industry underwent a “weeding-out”
of inefficient enterprises during the Downturn Market (2007–2008), we would expect
to find that REITs which survived the crisis had higher efficiency parameters for both
costs and revenue in the period prior to the great recession, Growth Period (2001–
2006).

14 The 20 Non-Survivors have the following SNL Institution Keys: 102919, 102,986, 102,987, 103,005,
103,147, 103,158, 103,168, 103,198, 103,627, 113,002, 4,002,566, 4,076,915, 4,082,048, 4,089,416,
4,089,963, 4,092,926, 4,093,258, 4,093,270, 4,106,641, and 4,110,503.
15 For completeness, a non-survivor is a REIT which meets condition (A) but fails to meet condition (B)
because it was acquired otherwise ceased operations in 2007 or 2008.
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Table 4 Descriptive Statistics – Downturn Market Ex-Post Survival Outcomes a

Survivor N= 126 Non-Survivor N = 20 Total Obs. N = 146

Panel A: Continuous Variables as of 2006 b

Total Assets ($ million) 3125.55 2318.97 3015.34

Market Capitalization ($ million) 3065.99 2195.95 2946.81

Total Revenue ($ million) 478.29 397.36 466.89

Annual Asset Growth (%) 12.98 9.54 12.52

Asset Turnover Ratio (%) 17.55 22.27 18.22

Total Debt ($ million) 1652.40 1276.04 1600.85

Property ROA (%) 8.39 8.85 8.45

NOI ($ million) 245.84 176.49 236.07

NOI / Total Revenue (%) 56.87* 47.94 55.61

FFO ($ million) 154.97 95.45 146.34

FFO / Total Revenue (%) 36.01** 25.14 34.41

G&A Expense ($ million) 29.08 26.48 28.70

G&A Expense / Total Revenue (%) 9.21 7.96 9.04

Operating Expenses ($ million) 284.62 247.06 279.25

Interest Expense ($ million) 85.89 65.40 83.09

Total Expenses ($ million) 399.36 368.16 394.80

Cost of Debt (%) 5.79 5.42 5.74

Leverage Ratio (%) 51.01* 54.66 51.51

Panel B: Discrete Variables as of 2006 c

Internal-Advisor 0.913 0.950 0.918

Self-Managed 0.810 0.700 0.795

Diversified 0.151 0.100 0.143

Health Care 0.095 0.050 0.089

Hotel 0.103* 0.250 0.123

Industrial 0.064* 0.000 0.055

Residential 0.135 0.150 0.137

Office 0.151 0.250 0.164

Retail 0.198 0.100 0.185

Storage 0.032 0.000 0.027

Specialty 0.071 0.100 0.075

High-Leverage 0.040 0.000 0.034

Moderate-Leverage 0.540 0.700 0.561

a. Company information and financial data are from S&P Global Market Intelligence (formerly SNL
Financial). The sample consists of 2360 REIT-year observations on 297 unique publicly-traded U.S. equity
REITs from January 2001 to December 2015. Table 4 is constructing using the 146 REITs observed in 2006.
Survivor is a binary variable equal to one (1) if the REIT meets both of the following conditions: (A)
established between 2001 and 2006 and (B) reports results for 2009, zero otherwise. A Non-Survivor
(Survivor = 0) is a REIT which reported in 2006 but did not report in 2009 because it was acquired or
otherwise ceased operations in 2007 or 2008
b. Panel A presents the descriptive statistics for all continuous variables
c. Panel B presents the descriptive statistics for binary variable related to firm classifications
D. Statistical significance for a difference in means (Survivor less Non-Survivor) t-test is noted: * p < 0.10, **

p < 0.05, *** p < 0.01

Highfield et al.



Results

Results on Cost Efficiency

Table 5 displays the estimated results for the stochastic frontier model of REIT
cost efficiency. The dependent variable is ln(Total Expenses). REIT size is
alternatively measured with ln(Total Assets) in Model 1 and with ln(Market
Capitalization) in Model 2. Finally, Model 3 includes both ln(Market Capital-
ization) and ln(Total Assets). In all cases, REIT size measures are included in
the quadratic form to assess whether scale effects, if present, diminish as
expected as size increases.

The coefficients for ln(Total Assets) in Model 1 indicate that costs decrease at a
decreasing rate as the size of the REIT, measured by assets, increases. Calculating the

Table 5 Frontier Model Results – Cost Efficiency a

Variable Model 1 Model 2 Model 3

ln(Market Capitalization) −0.066 *** 0.023

ln(Market Capitalization)2 0.002 −0.008 ***

ln(Total Assets) −0.090*** −0.136***
ln(Total Assets)2 0.018*** 0.027***

Leverage Ratio 0.004*** −0.001 0.003***

ln(Total Revenue) 0.679*** 0.727*** 0.699***

ln(Total Debt) 0.124*** 0.257*** 0.110***

Internal-Advisor 0.095* −0.030 0.095*

Self-Managed −0.041 0.058 −0.017
Diversified −0.328*** −0.421*** −0.308
Health Care −0.475*** −0.573*** −0.428
Industrial −0.310*** −0.376*** −0.275
Residential −0.273*** −0.341*** −0.245
Office −0.249*** −0.350*** −0.243
Retail −0.358*** −0.439*** −0.329
Storage −0.210** −0.277*** −0.173***
Specialty −0.173*** −0.258*** −0.129**
μ 0.471*** 0.423*** 0.545***

η −0.014*** −0.021*** −0.018***
N 2252 2252 2252

a. Company information and the financial data are obtained from S&P Global Market Intelligence (formerly
SNL Financial). The sample consists of 2360 REIT-year observations on 297 unique publicly-traded U.S.
equity REITs from January 2001 to December 2015. Because of missing observations in income statement
data, Table 5 uses 2252 REIT-year observations. The variables are defined in Table 1. The dependent variable
in each model is natural log of Total Costs: ln(Total Costs). The variable μ is the mean of the time-varying
inefficiency variable (Eq. 5). The coefficient η measures the magnitude in the change of REIT inefficiency
over time. When η < 0, the level of inefficiency of the REIT industry is increasing over time. When η > 0, the
level of inefficiency of the REIT industry is decreasing over time. Statistical significance: * p < 0.10, **

p < 0.05, *** p < 0.01
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elasticity of costs with respect to assets for Model 1 using Eq. 6 results in a cost
elasticity of:

∂ln Total Costsð Þ
∂ln Total Assetsð Þ ¼ −0:090þ 2� 0:018� 7:339ð Þ ¼ 0:174;

where 7.339 is the mean value of ln(Total Assets) over the 2001–2015 study period.
A cost elasticity value of less than one (1) is evidence of economies of scale because

an increase in total assets results in a decrease in unit costs while keeping the input costs
constant. At the mean value of ln(Total Assets) of 7.339, the elasticity measure of
0.1742 suggests that a 1% increase in ln(Total Assets) corresponds to a 0.17% increase
in costs.

As shown in Model 2, the results for ln(Market Capitalization) also suggest that
costs decrease as REIT size increases. In fact, all three models support the possible
existence of scale economies over the 2001–2015 study period, but the estimated η
constants for all three models are negative (ranging between −0.014 and − 0.018),
implying that the level of cost efficiency of the REIT industry as a whole is slightly
worsening over time. This trend is not surprising given the size of REITs has been
increasing during our sample period.

Figure 1 plots the average REIT cost efficiency measure λ by year from 2001 to
2015 with the REITs divided into terciles by size: large REITs, mid-size REITs and
small REITS. As noted previously, λi, t, represents the sample’s cost efficiency and has
values between 0 and 1.16 When λi, t has a value of 1, it implies that REIT i is
minimizing expenses without any inefficiency. That is, the most efficient firm under
the cost frontier specification receives, by construction, a score of 1. Whereas λi, t

approaching 0 implies that REIT i has an inefficient operating cost structure in year t.
Figure 1 shows that large REITs are more cost efficient than mid-sized and small

REITs after 2005 despite the industry level cost efficiency level is slowly declining over
time as the average REIT size keeps growing. The largest REITs have done better at
maintaining their levels of cost efficiency throughout the sample period. Interestingly,
mid-size REITs are furthest away from the efficient frontier and therefore relatively less
efficient than both larger and smaller REITs.

Table 6 reports the results for the panel model measuring the impact of REIT size on
general and administrative (G&A) expenses and the cost of debt. In each panel the first
column reports the results based on the entire sample period, 2001–2015. The remain-
ing three columns provide results for the three sub-periods described earlier: the
Growth Market (2001–2006), the Downturn Market (2006–2007), and the Recovery
Market (2009–2015).

Panel A of Table 6 presents the results where G&A Expense / Total Revenue is the
dependent variable. The coefficient estimates for ln(Total Assets) for the entire 15-year
study period and the two non-recession sub-periods suggest that G&A expenses as a
percentage of total revenue declines as REIT size increases, a result that supports the
existence of scale economies. Confirming the univariate analysis, the magnitude of the
cost efficiencies for the post-crisis period, Recovery Market (2009–2015), is larger than

16 When we examine the cost efficiencies for all individual REITs in the sample by year, we find that cost
efficiency measures, λ_(i,t), range between a minimum of 0.389 to a maximum of 0.952.
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that of the pre-crisis period, Growth Market (2001–2006). Consistent with the findings
of Ambrose et al. (2005), our results indicate strong scale economies associated with G&A
expenses, and the rate of asset growth and the degree of leverage are not shown to impact
G&A cost efficiencies. These results are also consistent with a Malhotra et al. (2019) who
examine REIT cost efficiencies over smaller sub-sample period of 2012–2016.17

Panel B of Table 6provides the panel model results for the Cost of Debt, the REIT’s
average cost of debt measured as total interest expense divided by total debt. As shown
in the left column, the coefficient estimates for ln(Total Assets) for the entire 15-year
observation period are statistically significant and indicate that the average cost of debt
increases at a decreasing rate with the size of the REIT. This result counters earlier
period studies that show economies of scale with respect to debt costs; however, Panel
B also shows that this finding is very time specific. The sub-period analysis shows this
positive relation only exists during the Growth Market (2001–2006). However, al-
though the sign on the coefficient is negative, potentially suggesting a return to the
results of previous studies that show economies of scale with respect to borrowing
costs, there is no statistical evidence for either economies or diseconomies of scale
associated with the REIT’s cost of debt for the Recovery Market (2009–2015).

17 Malhotra et al. (2019) use data from Mergent Online to evaluate economies of scale in REITs over the
period 2012–2016. They find that REIToperating expenses increase less than proportionately with increases in
total assets.

Fig. 1 REIT Cost Efficiency by Year and REIT Asset Size Terciles Company information and financial data
are from S&P Global Market Intelligence (formerly SNL Financial). The sample consists of 2360 REIT-year
observations on 297 unique publicly-traded U.S. equity REITs from January 2001 to December 2015. The
REIT cost efficiency parameter, λi, t, is calculated as

Minimum Expensesi;tRequired
Observed Expensesi;t

, represents the sample’s cost
efficiency and has values between 0 and 1 where λi, t = 1 implies that REIT i is minimizing expenses without
any relative inefficiency. Each point in Fig. 1 represents the average efficiency parameter for a given tercile for
a given year
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Table 6 Panel Model Results – Cost Efficiency a

Variable Full Sample
2001–2015

Growth Market
2001–2006

Downturn Market
2007–2008

Recovery Market
2009–2015

Panel A: Dependent Variable = G&A Expense / Total Revenue (%) b

ln(Total Assets) −14.550*** −9.688* −25.138** −18.097***
ln(Total Assets)2 0.846** 0.563 1.537* 1.040**

Annual Asset Growth −0.056 0.027 −0.071 −0.132
Moderate Leverage −1.533 −1.293 −2.589 −1.594
High Leverage −2.100 −1.961 −4.609 −2.736
Internal-Advisor 3.614 1.555 8.233 4.680

Self-Managed 1.933 0.521 2.896 0.165

Health Care −6.598** −6.335** −5.727 −6.165
Hotel −8.417** −6.084 −8.716 −11.722**
Industrial −5.902* −4.921 −4.950 −6.321
Residential −7.105** −6.151* −5.767 −6.732
Office −6.653** −4.493 −4.791 −8.518***
Retail −5.888* −4.132 −6.118 −6.229
Storage −6.145* −4.972 −5.511 −6.573
Specialty −7.196** −4.292 −8.834 −7.855*
N 2190 886 249 1055

R–squared 0.21 0.23 0.38 0.22

Year Fixed Effects Yes Yes Yes Yes

Panel B: Dependent Variable = Cost of Debt (%) c

ln(Total Assets) 0.824** 2.482*** 1.100 −0.575
ln(Total Assets)2 −0.065** −0.192*** −0.095 0.043

Annual Asset Growth −0.030*** −0.045*** −0.031* −0.128
Moderate Leverage −0.080 −0.325 −0.495 0.297**

High Leverage −0.105 −0.162 −0.810 0.416

Internal–Advisor 0.352 0.698 −0.637 0.336

Self–Managed −0.003 −0.003 1.170 −0.169
Health Care 0.779*** 0.814** 1.845 0.043

Hotel 0.608** 0.782* 0.547 0.408

Industrial −0.391 −0.563 −1.044*** −0.147
Residential −0.627*** −0.844*** −0.957 −0.597**
Office −0.311 −0.253 −0.970*** −0.326
Retail −0.199 −0.320 −0.896*** −0.092
Storage −0.570 −1.388 −0.526 −0.034
Specialty 0.118 0.371 −1.080** 0.095

N 2252 919 261 1071

R–squared 0.23 0.28 0.15 0.23

Year Fixed Effects Yes Yes Yes Yes

a. Company information and financial data are from S&P Global Market Intelligence (formerly SNL
Financial). The sample consists of 2360 REIT-year observations on 297 unique publicly-traded U.S. equity
REITs from January 2001 to December 2015. Variables are defined in Table 1. Linear models regarding REIT
expense measures are based on Eq. 13. Statistical significance: * p < 0.10, ** p < 0.05, *** p < 0.01
b. Panel A of Table 6 uses 2190 REIT-year observations because of missing observations in income statement
data
c. Panel B of Table 6 uses 2252 REIT-year observations because of missing observations in income statement
data
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Results on Revenue Efficiency

Table 7 displays the stochastic frontier model results for REIT revenue efficiency with
the dependent variable ln(Total Revenue). REIT size is alternatively measured with
ln(Total Assets) in Models 1 and 3 and with ln(Market Capitalization) in Models 2 and
4.18 In all cases, REIT size is included in the quadratic form to assess whether scale
effects, if present, diminish as expected as size increases. A control variable, ln(Total
Expenses), is included for Models 1 and 2, whereas Models 3 and 4 include the natural
log of individual components of total expenses as control variables.

For all models, the coefficient estimates for both ln(Total Assets) and ln(Market
Capitalization) are positive and significant, indicating that total revenue increases with
the size, both book and market values, of the REIT. For example, Model 1 shows a
ln(Total Revenue) increases in Total Assets, implying large REITs have a comparative
higher revenue efficiency level than that of smaller REITs. However, as shown by a
negative and statistically significant coefficient for the quadratic terms, the marginal
effects diminish as REITs grow larger on the basis of total assets. However, in Model 2,
a positive and statistically significant coefficient for the quadratic size term ln(Market
Capitalization)2 shows that the marginal effects become larger as REITs grow. The
results for Models 3 and 4 using individual components of expense as control variables,
are similar to those using overall total expenses as a control variable (Models 1 and 2).

Overall, the results from the stochastic frontier models show that REIT total revenue
increases at a decreasing rate as REITs grow when size is measured by total assets. As
shown, the estimated η for Models 1 and 3 are non-negative, implying that the level of
revenue efficiency of the REIT industry as a whole is increasing over time. However,
we note the magnitude of η (0.006 and 0.000, respectively) is immaterial and statisti-
cally insignificant.

Similar to the analysis for cost efficiency parameters, Fig. 2 plots the
average REIT revenue efficiency measure by year from 2001 to 2015 delineated
by REIT size terciles.19 In the case of revenue, large REITs have a higher level
of efficiency compared to that of smaller REITs despite all equity REIT terciles
have drifted away from the efficient revenue frontier. Again, large REITs have
better maintained their revenue efficiency over time; however, whereas mid-size
REITs were the least cost efficient, Fig. 2 shows that smaller REITs are the
least revenue efficient.20

As before, we estimate panel models to estimate the impacts of REIT size, as
measured with total assets, on a variety of accounting measures relating to revenue.
Table 8 displays the results where each measure of revenue (production) is evaluated in
a separate panel. In each panel, the first column reports the results based on the entire
sample period, 2001–2015. The remaining three columns provide results for the three
sub-periods described earlier.

18 Models using both Total Asset Value andMarket Capitalization to jointly measure the size of a REIT failed
due to convergence issues.
19 When we examine revenue efficiency for each individual REIT in the sample by year, we find that revenue
efficiency measures, λ_(i,t), range between a minimum of 0.322 to a maximum of 0.984.
20 When size is measured by market capitalization the results of the frontier models show that REIT total
revenue is increasing at an increasing rate as REITs grow, but again the estimated η constants are negative and
imply that the level of revenue efficiency of the REIT industry is decreasing over time.
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Panel A of Table 8 shows the results for the linear model where the
dependent variable is Asset Turnover Ratio (%), defined as the REIT total
revenue divided by total assets expressed as a percentage. The results over
the entire study period and throughout the sub-periods show that ln(Total
Assets) does not statistically impact a REIT’s asset turnover ratio. In addition,
asset growth decreased efficiency over the entire study period, but sub-period
analysis shows an insignificant relationship during and after the financial crisis.
Interestingly, high financial leverage corresponds to higher asset turnover during
all periods except for the Downturn Market of 2007–2008.

Table 7 Frontier Model Results – Revenue Efficiency a

Variable Model 1 Model 2 Model 3 Model 4

ln(Market Capitalization) 0.055** 0.041*

ln(Market Capitalization)2 0.006*** 0.005***

ln(Total Assets) 0.476*** 0.607***

ln(Total Assets)2 −0.014*** −0.018***
Leverage Ratio −0.002*** 0.001 −0.000 −0.003***
ln(Total Expenses) 0.706*** 0.818***

ln(Total Debt) −0.233*** −0.060***
ln(Interest Expense) 0.261*** 0.279***

ln(G&A Expense) 0.013 −0.021
ln(Non Debt Expense) 0.418*** 0.540***

ln(Operating Expenses) 0.161** 0.098*

Internal-Advisor −0.063 −0.026 −0.038 −0.017
Self-Managed 0.064 0.071 0.061 0.091*

Diversified −0.086 −0.061 0.028 0.017

Health Care 0.155* 0.155* 0.102 0.130*

Industrial −0.135* −0.108 −0.119* −0.132*
Residential −0.122* −0.143** −0.102* −0.169**
Office −0.140* −0.075 −0.115* −0.112*
Retail −0.059 −0.035 −0.030 −0.036
Storage −0.008 −0.064 0.223** 0.370***

Specialty 0.017 −0.123* 0.068 −0.010
μ −1.390 −5.795 −2.151 −1.631
η 0.006 −0.004 0.000 −0.004
N 2252 2252 2252 2252

a. Company information and the financial data are obtained from S&P Global Market Intelligence (formerly
SNL Financial). The sample consists of 2360 REIT-year observations on 297 unique publicly-traded U.S.
equity REITs from January 2001 to December 2015. Because of missing observations in income statement
data, Table 7 uses 2252 REIT-year observations. The variables are defined in Table 1. The dependent variable
in each model is natural log of Total Revenue: ln(Total Revenue). The variable μ is the mean of the time-
varying inefficiency variable (Eq. 5). The coefficient η measures the magnitude in the change of REIT
inefficiency over time. When η < 0, the level of inefficiency of the REIT industry is increasing over time.
When η > 0, the level of inefficiency of the REIT industry is decreasing over time. Statistical significance: * p
< 0.10, ** p < 0.05, *** p < 0.01
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Panel B of Table 8 shows the results of the analysis of property returns. The
dependent variable is the Property ROA (%), measured as the net operating income
(NOI) from the REIT’s properties divided by total assets and expressed as a percentage.
For the full sample and sub-periods, the results show property returns are positively and
statistical significantly correlated with REIT asset size. However, the negative coeffi-
cient on the quadratic term shows again that revenue efficiency is increasing at a
decreasing rate as the size of REITs increase. Although growth is negatively correlated
with property returns, the coefficient is only weakly significant in the Recovery Market
(2009–2015), suggesting the REITs in the post-crisis period are growing without
hindering their property ROA. Interestingly, we find that revenue efficiency increases
with higher leverage (except in the Downturn Market of 2007–2008).

Panels C of Table 8 displays panel model results for NOI / Total Revenue (%), the
ratio of net operating income to total revenue expressed as a percentage. If economies
of scale exist in REITs, this return measure should increase as REIT size increases, and
Panel C confirms that NOI / Total Revenue (%) increases at a decreasing rate for the
entire study period and for all three sub-periods as REIT asset size increases. Further
confirming the “growth is good” story, the coefficient for Annual Asset Growth is
positive and significant in all periods except the Downturn Market (2007–2008).

Panel D of Table 8 shows a similar relationship for FFO / Total Revenue (%), the
ratio of funds from operations to total revenue expressed as a percentage. In this case,
the statistical significance is weak for the Growth Market (2001–2006) and the

Fig. 2 REIT Revenue Efficiency by Year and REIT Asset Size Terciles Company information and financial
data are from S&P Global Market Intelligence (formerly SNL Financial). The sample consists of 2360 REIT-
year observations on 297 unique publicly-traded U.S. equity REITs from January 2001 to December 2015.
The revenue efficiency estimate λi, t, is calculated as Observed Revenuei;t

Maximum Revenuei;t achievable
, represents the sample’s mana-

gerial efficiency and has values between 0 and 1 where λi, t= 1 implies that REIT i is maximizing revenue
without any inefficiency. λi, t= 0 implies that REIT i is too inefficient to produce any revenue in year t. Each
point in Fig. 2 represents the average efficiency parameter for a given tercile for a given year
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Table 8 Panel Model Results – Revenue Efficiency a

Variable Full Sample
2001–2015

Growth Market
2001–2006

Downturn Market
2007–2008

Recovery Market
2009–2015

Panel A: Dependent Variable = Asset Turnover Ratio (%) b

ln(Total Assets) 3.770 2.198 6.089 5.504

ln(Total Assets)2 −0.309 −0.188 −0.488 −0.425
Annual Asset Growth −0.101*** −0.172*** −0.035 −0.049
Moderate Leverage 0.644 0.311 −1.112 1.502*

High Leverage 3.408** 2.661* 0.673 5.857***

Internal-Advisor 0.993 −0.096 1.529 1.562

Self-Managed 1.399 1.475 3.521 2.125

Health Care 0.153 −0.926 −0.795 0.339

Hotel 16.306*** 14.638*** 20.982*** 17.174***

Industrial −1.134 −1.099 −1.073 −1.722
Residential 1.181 1.024 0.991 0.608

Office −0.425 −0.613 −1.210 −0.498
Retail −0.394 −0.638 −0.483 −0.798
Storage 1.907 1.661 0.097 2.478

Specialty 10.309*** 8.244 14.400** 9.970***

N 2222 902 253 1067

R–squared 0.34 0.38 0.39 0.34

Year Fixed Effects Yes Yes Yes Yes

Panel B: Dependent Variable = Property ROA (%) c

ln(Total Assets) 4.860*** 4.910*** 5.645*** 5.119***

ln(Total Assets)2 −0.344*** −0.360*** −0.407*** −0.351***
Annual Asset Growth −0.024*** −0.023** −0.022** −0.024*
Moderate Leverage 0.386 0.422 −0.670 0.520

High Leverage 2.056*** 2.632*** −0.264 2.430***

Internal-Advisor 0.221 0.074 0.369 0.201

Self-Managed 0.752 0.810 0.222 0.913

Health Care 2.022*** 2.020* 1.265 2.110***

Hotel 2.356*** 2.754*** 1.941** 2.271**

Industrial 0.770 1.080 0.519 0.747

Residential 0.444 0.666 0.406 0.410

Office 0.292 0.765 −0.268 0.081

Retail 1.252** 1.426* 1.308 1.162*

Storage 1.702** 1.828* 0.478 2.024**

Specialty 2.576** 2.684* 0.906 2.758**

N 2225 905 253 1067

R–squared 0.23 0.24 0.23 0.22

Year Fixed Effects Yes Yes Yes Yes

Panel C: Dependent Variable = NOI / Total Revenue (%) d

ln(Total Assets) 19.295*** 22.170*** 22.770*** 16.844***

ln(Total Assets)2 −1.323*** −1.593*** −1.538*** −1.105***
Annual Asset Growth 0.077*** 0.099*** −0.053 0.092***
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Table 8 (continued)

Variable Full Sample
2001–2015

Growth Market
2001–2006

Downturn Market
2007–2008

Recovery Market
2009–2015

Moderate Leverage −1.094 0.392 −3.977 −1.699
High Leverage −3.829 −0.383 −9.606** −5.214
Internal-Advisor −1.489 0.769 −3.546 −3.666
Self-Managed 2.269 1.938 −0.684 3.085

Health Care 11.517** 13.708* 9.858 10.217*

Hotel −24.168*** −18.654*** −30.930** −26.693***
Industrial 5.820 5.111 4.129 7.654

Residential −6.242 −4.856 −6.593 −7.212
Office −2.009 −0.085 −3.175 −2.776
Retail 4.653 5.220 3.289 5.065

Storage −3.027 −1.192 −6.170 −3.344
Specialty −11.417** −1.925 −23.539*** −12.540**
N 2222 902 253 1067

R–squared 0.37 0.32 0.49 0.41

Year Fixed Effects Yes Yes Yes Yes

Panel D: Dependent Variable = FFO / Total Revenue (%) e

ln(Total Assets) 20.490** 11.345* 40.808* 30.097**

ln(Total Assets)2 −1.238** −0.667 −2.610* −1.825**
Annual Asset Growth 0.024 0.032 −0.002 0.024

Moderate Leverage −8.861*** −8.997*** −13.073*** −8.122***
High Leverage −17.636*** −19.341*** −29.046*** −11.564**
Internal-Advisor −8.372** −15.749** −14.755* −3.427
Self-Managed 4.282 9.395 4.476 1.780

Health Care 13.738*** 11.249* 21.703*** 13.632**

Hotel −16.014*** −13.486* −11.745* −17.282***
Industrial 3.149 5.176 4.099 2.270

Residential −4.198 −4.672 −1.272 −3.390
Office −1.096 −3.088 3.059 0.671

Retail 3.823 2.717 10.033* 3.850

Storage −3.723 −4.268 −2.353 −2.989
Specialty −6.251 1.531 −13.622** −5.727
N 2040 830 336 984

R–squared 0.34 0.33 0.50 0.35

Year Fixed Effects Yes Yes Yes Yes

a. Company information and financial data are from S&P Global Market Intelligence (formerly SNL
Financial). The sample consists of 2360 REIT-year observations on 297 unique publicly-traded U.S. equity
REITs from January 2001 to December 2015. Variables are defined in Table 1. Linear models for REIT
revenue measures are based on Eq. 13. Statistical significance: * p < 0.10, ** p < 0.05, *** p < 0.01
b. Panel A of Table 8 uses 2222 REIT-year observations because of missing observations in income statement
data
c. Panel B uses 2225 REIT-year observations because of missing observations in income statement data
d. Panel C uses, 2222 REIT-year observations because of missing observations in income statement data
e. Panel D uses 2040 REIT-year observations because of missing observations in income statement data
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Downturn Market (2007–2008), but the scale economies become noticeably stronger
during the Recovery Market (2009–2015). Unlike the NOI measure, the coefficient for
Annual Asset Growth is insignificant for FFO / Total Revenue across all study periods.
Also, leverage has a strong negative impact on FFO / Total Revenue.

Results on Crisis Consolidation Hypothesis

As noted in Section 4.3, we hypothesize that the industry underwent a “weeding-out”
of smaller, less efficient enterprises during the market downturn. To evaluate this
hypothesis we first seek to understand the determinants of REITs which existed in
2006 and survived the Downturn Market (2007–2008). The results of our time-series
cross-sectional Logit model with the binary dependent variable Survivor are presented
in Table 9. Model 1 is the base model, and Model 2 includes binary variables to control
for internal advisors, self-management, and property focus.

Table 9 Panel Logit Models a

Variable Model 1 Model 2

ln(Total Assets) 0.837*** 0.853***

Operating Revenue / Assets 0.374*** 0.438***

Operating Expense / Assets −0.439*** −0.459***
Leverage Ratio −0.054** −0.052*
Internal-Advisor 8.668***

Self-Managed −7.906***
Health Care −0.335
Hotel −0.897
Industrial 5.576

Residential −3.170
Office −4.356
Retail −4.175
Storage −4.869
Specialty −7.532***
N 854 854

Unique REITs 193 193

Wald Chi2 155.82*** 49.30***

Year Fixed Effects Yes Yes

a. Company information and financial data are from S&P Global Market Intelligence (formerly SNL
Financial). The sample consists of 2360 REIT-year observations on 297 unique publicly-traded U.S. equity
REITs from January 2001 to December 2015. Table 9 is constructing using a Panel-Logit model based on 854
REIT-year observations during the Growth Market (2001–2006) period with year fixed effects. The dependent
variable in both models is Survivor is a binary variable equal to one (1) if the REIT meets both of the following
conditions: (A) established between 2001 and 2006 and (B) reports results for 2009, zero otherwise. Since this
regression is limited to 2001–2006, a non-survivor (Survivor = 0) is a REIT which was acquired or otherwise
ceased operations in 2007 or 2008. All other variables are defined in Table 1. Marginal effects are presented.
Statistical significance: * p < 0.10, ** p < 0.05, *** p < 0.01
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Consistent with our hypothesis, Model 1 shows that surviving REITs (Survivor = 1)
are larger, have higher ratios of operating revenue to total assets (Operating Revenue /
Assets), have lower levels of operating expenses to total assets (Operating Expense /
Assets), and have lower levels of leverage (Leverage Ratio). Inclusion of the control
variables in Model 2 produces similar results, but the statistical significance of leverage
is reduced.

Turning to the time-varying stochastic frontier analysis, in Fig. 3 and Fig. 4 we plot
estimated efficiency levels by survival outcome. Figure 3 shows that, although the
efficient frontier for surviving REITs is monotonically decreasing, surviving REITs had
higher cost efficiency levels than non-survivors prior to the great recession. Non-
survivors had dramatic increases in cost efficiency during the first few years of the
Growth Market (2001–2006), closing the gap with survivors, but efficiency levels
declined rapidly for non-survivors between 2005 and 2006.

As shown in Fig. 4, REIT revenue efficiency shows a similar, but not as elegant,
story. While revenue efficiency for survivors was relatively steady, revenue efficiency
for non-survivors spiked in the early years of the Growth Market (2001–2006) only to
collapse from 2003 to 2006. Overall, the results from the logit models and the time-

Fig. 3 REIT Cost Efficiency by Year and Downturn Market Ex-Post Survival Outcomes Company informa-
tion and financial data are from S&P Global Market Intelligence (formerly SNL Financial). The sample
consists of 2360 REIT-year observations on 297 unique publicly-traded U.S. equity REITs from January 2001
to December 2015. The REIT cost efficiency parameter, λi, t, is calculated as

Minimum Expensesi;tRequired
Observed Expensesi;t

, represents
the sample’s cost efficiency and has values between 0 and 1 where λi, t = 1 implies that REIT i is minimizing
expenses without any relative inefficiency. Survivor is a binary variable equal to one (1) if the REIT meets
both of the following conditions: (A) established between 2001 and 2006 and (B) reports results for 2009. A
Non-Survivor is a binary variable equal to one (1) for a REIT which meets condition (A) but fails to meet
condition (B). A Non-Survivor (Survivor = 0) is a REIT which reported in 2006 but did not report in 2009
because it was acquired or otherwise ceased operations in 2007 or 2008. Each point in Fig. 3 represents the
average efficiency parameter for a given subsample (Survivor or Non-Survivor) for a given year
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varying stochastic frontier analysis is consistent with the hypothesis that smaller, less
efficient REITs were the primary casualties of the great recession.

Conclusion

While early studies find significant cost economies of scale (e.g., Bers and Springer
1997; Anderson et al. 2002; and Ambrose et al. 2005) for REITs, other studies (e.g.,
Miller et al. 2006; and Topuz and Isik 2009) find that cost economies were disappearing
in the early 2000’s. Despite significant changes to the U.S. financial markets since the
turn of the millennium, the literature has remained relatively silent on the overall
efficiency and presence of economies of scale in the ever growing REIT industry,
especially leading up to and beyond the 2008 financial crisis.

In this study, we examine the existence of scale economies and evaluate the cost and
revenue efficiency of 407 US equity REITs covering the period 2001–2015. Our study
encapsulates a sample period that includes a major market downturn and thus provides
a comprehensive analysis detailing the impact of asset size on REIT operating efficien-
cy during both market recession and expansion. We use both a time varying stochastic

Fig. 4 REIT Revenue Efficiency by Year and Ex-Post Survival Outcomes Company information and financial
data are from S&P Global Market Intelligence (formerly SNL Financial). The sample consists of 2360 REIT-
year observations on 297 unique publicly-traded U.S. equity REITs from January 2001 to December 2015.
The revenue efficiency parameter,λi, t, is calculated as Observed Revenuei;t

Maximum Revenuei;t Achievable
, represents the sample’s

managerial efficiency and has values between 0 and 1. λi, t= 1 implies that REIT i is maximizing revenue
without any inefficiency. λi, t= 0 implies that REIT i is too inefficient to produce any revenue in year t. Survivor
is a binary variable equal to one (1) if the REIT meets both of the following conditions: (A) established
between 2001 and 2006 and (B) reports results for 2009. A Non-Survivor is a binary variable equal to one (1)
for a REITwhich meets condition (A) but fails to meet condition (B). A Non-Survivor (Survivor = 0) is a REIT
which reported in 2006 but did not report in 2009 because it was acquired or otherwise ceased operations in
2007 or 2008.
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frontier approach and a set of linear panel models to document changes in REIT
operating efficiency levels over this complete market cycle.

With respect to expenses, the historical measure of scale economies, the stochastic
frontier model shows REITs having scale efficiencies that are slowly eroding over time.
The average REIT in our sample spends 56% more (average inefficiency of 0.65 versus
optimal inefficiency of 1) that a REIT operating on the efficient frontier. When
examined in terciles, we find that large REITs continue to enjoy the highest levels of
cost efficiency, with mid-size REITs being the least cost efficient.

The panel models for costs provide several additional insights. First, consistent with
previous studies, G&A expenses as a percentage of total revenue decline significantly
as a REITs increase their total assets. The magnitude of this effect is especially strong
since the beginning of the Recovery Market (2009–2015). Also, apparent diseconomies
of scale in the cost of debt disappear in the Recovery Market (2009–2015), suggesting
that larger REITs may again have access to cheaper debt after the financial crisis, a
result that is very much in line with previous (mostly pre-2000 study periods) research
in this area.

Looking at revenues, the stochastic frontier model results show that the revenue
efficiency of REITs has remained remarkably stable over the study period, with the
average REIT making 82% of the optimal revenue assuming no inefficiency. In fact, the
relative stability REIT efficiency, the stochastic frontier approach shows no drastic
changes in the revenue efficiency measure after the 2007–2008 financial crisis.
Throughout three sub-periods, larger REITs remain more revenue efficient than their
smaller counterparts, and small REITs are the least revenue efficient.

Using several proxies for revenue (production), the results of our linear panel models
suggest that US equity REITs achieve operational efficiencies in revenue (production)
as they expand their asset holdings. This is primarily shown through higher property
returns and higher revenue ratios: NOI / Total Revenue (%), Property ROA (%), and
FFO / Total Revenue (%). Consistent with findings of extant literature, all of these
efficiencies are increasing at a decreasing rate with size.

Finally, we find evidence that post-recession (recovery) cost and revenue efficiencies
exceed pre-recession efficiencies, perhaps due to the “weeding-out” of smaller, ineffi-
cient REITs during the Downturn Market (2007–2008). Limiting our analysis to REITs
which were operating prior to the recession, we find modest evidence that REITs which
survived the downturn market of 2007–2008 (Survivors) were larger, had higher
operating revenue levels, lower operating expense levels, and lower debt-to-asset ratios.
Then, employing time-varying stochastic frontier analysis, we evaluated efficiency
levels by survival outcome. We find that surviving REITs had both higher cost
efficiency levels and higher revenue efficiency levels than non-survivors prior to the
great recession.

In sum, while the evidence on operating efficiencies (stochastic frontier
model) suggests that the overall level of operating efficiency for US equity
REITs remains stable, we document evidence that economies of scale still exist
in this industry. While we find evidence that the great recession led to consol-
idation of smaller, less efficient REITs, our models show that there are still
economies of scale and efficiencies for larger REITs. Thus, it is likely that the
equity REIT industry will continue to experience growth and consolidation in
the foreseeable future.
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