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Economies of Scale:  The Case of REITs 
 

ABSTRACT 

Significant controversy exists surrounding the hypothesis of consolidation in the real 
estate industry.  Central to the debate is whether REITs can generate economies of scale 
through asset growth.  To date, empirical evidence is limited.  For example, Ambrose, 
Ehrlich, Hughes, and Wachter (2000) find indirect evidence for scale economies but the 
effect dissipates over time.  This finding appears to contradict Bers and Springer (1998) 
who find that REIT general and administrative (G&A) expenses exhibit substantial 
economies of scale.  G&A, however, is a relatively small part of total expenses with the 
cost of capital being the primary expense in a capital-intensive industry.  This study 
builds on previous empirical work by focusing on the cost of capital. 
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Economies of Scale:  The Case of REITs 

 

1. INTRODUCTION 

Whether real estate investment trusts (REITs) will continue to consolidate though 

mergers and acquisitions, portfolio acquisitions, or new development is the subject of 

considerable debate.  Two opposing views have emerged regarding the future of REIT 

consolidation.  The first view, advocated by Linneman (1997) and Scherrer (1995), is that the 

real estate industry will continue to consolidate over the next quarter century.  The primary 

motivation given for this potential massive consolidation is the existence of economies of scale.  

For example, Zell (1997) makes the case that larger REITs have higher earnings growth 

potential, which translates into lower costs of capital.  This view is consistent with research in 

other industries indicating that larger firms have significant economies of scale.  For example, 

Hansen and Torregrosa (1992) note that larger firms experience lower underwriting spreads 

suggesting economies of scale in underwriting costs.   Furthermore, Eckbo (1992) finds that 

horizontal consolidation within industries produces efficiencies implying that economies of scale 

exist with increasing size. 

In contrast, Vogel (1997) suggested that REIT growth was not related to the better 

operating efficiency of larger companies, but instead resulted from a series of external events 

such as changes in the regulatory environment, changes in tax laws, and growth in institutional 

investment.  As a result, Vogel does not see continued consolidation as a forgone conclusion.  In 

one of the few empirical studies of REIT consolidation, Campbell, Ghosh and Sirmans (1998) 

confirm that REIT mergers have increased during the 1990s.  Yet, they also note the absence of 

hostile takeovers and that most mergers have produced either negative or comparably low 
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returns.  This implies that the nature of REIT ownership structures may prevent significant 

consolidation. 

Theoretical work by Goodman (1998) posits that greater REIT liquidity and growth 

expectations have lowered investor required rates of return and thus have increased firm values.  

These expectations of growth come from a variety of sources, many of which could be transitory 

as indicated by Vogel (1997).  Nevertheless, for substantial consolidation to occur, bigger REITs 

must be better REITs, with better REITs having lower per unit output costs and higher returns.   

In one of the few tests of this theory, Ambrose, et al (2000) find indirect evidence that 

REITs outperform the average income-producing real estate firm in terms of net operating 

income (NOI) growth, but the effect dissipates by the year 1997.  In an earlier study, Bers and 

Springer (1998) find evidence of scale economies in the reduction of general and administrative 

(G&A) expenses.  Capozza and Seguin (1998) also examine the impact of G&A expenses and 

show that the market penalizes REITs that increase property-level G&A expenses.  This penalty 

implies that large REITs will outperform small REITs to the extent that they are able to achieve 

scale economies at the property level.  G&A expenses, however, are a relatively small part of 

total expenses (between 7% and 16% of total costs in the sample) implying limited long-run 

consolidation potential resulting from G&A expense control.  More recently, Capozza and 

Seguin (1999) report results that are inconsistent with economies of scale in G&A expenses.  

Their analysis suggests that G&A is invariant to firm size.  Anderson, Lewis, and Springer 

(2000) provide a thorough review of the literature regarding economies of scale in real estate. 

As in other capital-intensive industries, the primary expense that limits growth 

opportunities for REITs is capital.  Firms with the lowest cost of capital have a long-run 

competitive advantage over other firms.  Although studies (Archer and Faerber, 1966) have 
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documented capital-raising economies in other industries as early as the 1960's, to date no study 

has adequately estimated the scale economies associated with capital costs for REITs.  In an 

earlier attempt, Bers and Springer (1998) relate REIT size, as proxied by book value of total 

assets, to costs and find small diseconomies of scale associated with interest expenses.1  Thus, 

their results cast doubt on whether significant economies of scale will result from consolidation.  

Unfortunately, their analysis does not fully address the issue of whether scale economies exist 

with respect to capital since their model only included one capital cost component (interest 

expense), which may explain why some of their results are counterintuitive.  In contrast, 

Capozza and Seguin (1999) find a weak negative relationship between interest expense and asset 

size implying potential economies of scale. 

This study extends previous empirical work and provides evidence of the nature and 

extent of REIT economies of scale using a flexible variant of the Cobb-Douglas production 

function. Our analysis focuses on the most important determinate of REIT size, capital cost, as 

the primary input into the REIT production function while also incorporating property level and 

corporate overhead inputs. 

 

2. METHODOLOGY 

We view REITs as firms engaged in the production of real estate space, earning income 

by leasing this space.  REITs use capital, general corporate functions, and property level 

expenditures as production inputs to acquire real assets for lease.  We estimate the REIT 

production structure as a means of determining whether REITs experience scale economies.  

Scale economies describe the condition where costs increase at a slower rate than corresponding 

                                                           
1 Using similar methodology, Bers and Springer (1997) show that the degree of REIT leverage impacts the 
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increases in product output.  Firms seeking to operate at scale efficiency will increase outputs to 

the minimum point on their U-shaped average cost curve.  In competitive markets, firms operate 

at the minimum efficient scale.  The production function transforms inputs such as capital (K), 

administrative (Z) functions, property level expenditures (R), and property capital expenses (E) 

into outputs (Q) according to: 

( ERZKfQ ,,,= )

) ]

.        (1.) 

From (1), a weakly separable cost function can be derived: 

       (2.) ([ QQppppFCC ERZK ;,,,,=

where C is cost, F is a functional form, pK represents the price of capital, pZ is the price of 

corporate overhead, pR is the price of property level expenses (including labor), pE is the price of 

capital expenditures required to maintain the property, and the cost function is assumed to be 

homothetic.2  Given that the cost function is derived from the production function, we can use it 

to answer questions regarding production characteristics such as economies of scale. 

To provide a flexible functional form for (1), we employ a Cobb-Douglas type 

production function  

 .    (3.) REZk REZKQ ββββα 0=

Profit maximizing firms will maximize output Q for a given cost level C (or, alternatively 

minimize costs for a given output).  The Lagrangean for the maximization of (3) is 

 ( )xCREZK REZk '0 p−+=Λ λα ββββ    (4.) 

where p is the vector of factor prices for K, Z, E, and R, and x represents the matrix of factor 

inputs [K, Z, E, R].  The necessary conditions for maximizing (4) are 

                                                                                                                                                                                           
magnitude of the estimated scale economies. 
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Since (6) approximates the true cost function, we calculate the mean values of all 

variables as the point of approximation.  Thus, each variable is divided by its mean before taking 

logarithms.  As a result, the model coefficients reflect the elasticities at the point of 

approximation.  The cost function can be estimated by itself or it can be estimated in the full dual 

system with the factor share equations.  We estimate the system of equations using Zellner’s 

Seemingly Unrelated Regressions (SUR) technique and drop one of the share equations to 

prevent singularity.   

Overall scale economies (OSE) are estimated as  

                                                                                                                                                                                           
2 We follow the setup typically used in studies of the banking industry (see Kim (1991),Noulas, Ray, and 
Miller(1990), Hunter, Timme, and Yang (1990), and Gropper (1991)). 
3 See Greene (1997).  Following Nerlove (1963), we include the quadratic output term to account for the classical 
U-shaped average cost curve.  Further, we follow Christensen and Greene (1976) and estimate (6) as a system of 
equations. 
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The OSE indicates whether scale economies are present when outputs are held constant.  This 

measure of economies of scale is also often referred to as ray scale economies.  If OSE is greater 

than one, then costs increase at a proportionally slower rate than output and there is evidence of 

economies of scale (i.e. increasing returns to scale).  This would indicate that consolidation is 

likely in the industry as firms have production incentives to increase their size to capitalize on 

economies of scale.  In contrast, if OSE is less than one, then there are diseconomies of scale 

implying an incentive to shed assets to become more efficient.  Finally, an OSE equal to one 

implies constant returns to scale implying that firms are operating at minimum cost.4  We 

calculate OSEs for different REIT asset sizes to test the hypothesis that larger REITs have 

economies of scale advantages over smaller REITs.   

3. REIT OUTPUT 

 To this point, we have not explicitly defined REIT output (Q).  Most empirical studies of 

scale economies have focused on industries with readily identifiable and quantifiable outputs.  

For example, economist have studied scale economies in industries such as the brewing industry 

where the output is quantified as barrels or gallons of beer (Tremblay and Tremblay, 1988), the 

steel industry where output is gross tonnage of steel produced (McCraw and Reinhardt, 1989), 

the electrical utility industry where output is measured in kilowatts-hours (Christensen and 

Greene, 1976), the banking industry where output is measured in terms of asset dollars (Noulas, 

Ray, and Miller, 1990, and Mullineaux, 1978), or the railroad (Caves, Christensen, and Swanson, 

1981), shipping (Jansson and Shneerson, 1978), and airline industries (Borenstein, 1991, and Kin 
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and Singal, 1993) where output is measured in terms of freight-ton or passengers miles hauled, to 

name just a few.  The overriding feature across these industries is that the firms produce 

essentially a homogenous product with readily identifiable input factors necessary for 

production.  REITs, however, invest in real estate assets and derive profits through leasing space 

in these assets.  Unfortunately, real estate is not homogenous creating difficulties in quantifying 

firm output.  At a minimum, real estate differs by product type, by location, and by quality.  As a 

result, we examine REIT scale economies by separately considering several alternative output 

measures.   

First, we examine output measured as total assets.  This measure has the advantage of 

value-weighting real estate investments.  Firms that invest in high cost areas may have less total 

space than firms investing in low cost areas, but by including capital as an input we can test 

whether REITs effectively spread capital costs across their asset base.  Unfortunately, total assets 

are recorded as book value, which may be a poor measure due to the temporal differences in 

when assets are acquired or developed. 

As a second output measure, we test economies of scale in total revenue production.5  

Total revenue meets one of the requirements for output in that it is a consistent measure of REIT 

size and it does include valuation of location, quality, and product type.  Larger REITs are able 

to produce more revenue either by having larger numbers of properties or by having properties 

located in markets commanding premium rents.  But, total revenue is the price of the output 

multiplied by the quantity of the output.  Therefore, by definition total revenue is not output.  

Total revenue as a measure of output confuses output prices for output quantities.  Unfortunately, 

                                                                                                                                                                                           
4 The variance of OSE is calculated as:  ( ) ( ) ( )∑∑∑ +=

i j
ji

i
i CovVarOSE ααα ,2Var . 

5 We thank the editor and reviewers for suggesting this output measure. 
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it is impossible for us to completely separate price and quantity due to lack of information about 

the output. 

The third output measure is total physical size or total square feet available for lease.  

This output measure most closely resembles the physical output measures in other industries 

(gallons of beer produced, number of passenger miles flown, etc.).  Using square footage of 

property is similar to viewing REITs as a manufacturing firm whose income and profitability are 

directly related to the amount of product it can produce (lease).  Unfortunately, this measure 

does not reflect the significant geographic value differences in real assets (e.g. the price per 

square foot of space in New York is significantly greater than the price per square foot of space 

in Cleveland), the quality of the real asset, or the product type.  Yet REIT market values and 

hence capital costs reflect their investment decisions.  A REIT that is less profitable but has a 

more square feet than a smaller, more profitable REIT will have higher capital costs.  

Furthermore, we estimate the other factor input prices relative to total revenue, which does not 

necessarily correlate with physical size.  It is important to recognize that the argument for scale 

economies is that larger REITs are able to spread their input costs over a wider asset base.  

Therefore, scale economies are most effectively estimated when output measurement is not 

biased by variations across time or space.  

 

4. DATA 

 REITs are a relatively simple corporate structure where the primary inputs determining 

the amount of output are the cost of capital, property level expenses (including capital 

expenditures), and general corporate overhead.  REITs produce additional output by either 

purchasing or, in some cases, developing additional buildings.  The ability of REITs to increase 
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their production is directly related to their ability to access capital markets, which impacts their 

cost of capital.   

REIT inputs (capital, G&A expenses, property level expenses, and property capital 

expenditures), and output (total assets, total revenue, or total square feet) are obtained from the 

SNL REIT DataSource for 1994 through 1998.6  Recognizing that the primary input that 

determines a REIT’s expansion potential is capital, we estimate each REIT’s capital cost (input 

price) as the weighted average cost of capital (WACC).  REIT WACC’s are estimated as 

 

 
WACC k 

D 

TC 
k 

P 

TC 
k 

S 

TC d p s= ⎛ 
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⎞ 
⎠  
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⎞ 
⎠  
+ ⎛ 
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⎞
⎠

      (5) 

where kd, kp, and ks represent the cost of debt (D), preferred stock (P), and common stock (S), 

respectively, and TC is the total market capitalization (TC = D+P+S).  The cost of debt and 

preferred stock are estimated as the ratio of total interest cost to book value of debt (D) and 

preferred dividends to book value of preferred stock (P), respectively, and are obtained from the 

SNL REIT DataSource.  Common stock (S) is the REIT’s market capitalization, which includes 

any operating units if applicable.7

Significant controversy exists surrounding the estimation of REIT cost of equity. 8   For 

example, given the relatively short period many REITs have traded publicly, obtaining sufficient 

returns data to calculate stable betas is problematic.  Furthermore, many studies that have 

estimated REIT betas report periods of negative betas underscoring the problem of using short 

                                                           
6 SNL Datasource provided by SNL Securities is a comprehensive database tracking financial information on 206 
equity, mortgage, and hybrid REITs. 
7 Operating units for UPREITs are convertible to common stock. 
8 Maris and Elayan (1990) estimated REIT average cost of capital as net cash flow divided by total market 
capitalization (debt plus equity), where net cash flow is the sum of net income, interest expense, and depreciation.  
This method produced slightly lower WACC estimates than equation (5), however, the empirical economy of scale 
estimates are not materially different.  Thus, we present the results using the traditional definition of the weighted 
average cost of capital (see Copeland and Weston, 1988). 
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time horizons in estimation.  Thus, we estimate REIT cost of equity using a version of the 

dividend growth model  

( ) gS
DIVks +=     (8) 

where DIV represents the total dividends declared, S is the REIT’s market capitalization 

(including operating units, if any), and g is the projected growth rate. To proxy for the projected 

growth rate, we average the year-to-year FFO growth rate for the previous two years, averaged 

over all REITs.9

 Estimating the input prices for corporate and property level expenditures is not 

straightforward.  Market observable prices for units of corporate overhead or capital 

expenditures do not exist and thus we make several assumptions to price these items.  For 

example, when using total assets or total square feet as outputs we estimate the input price for 

corporate G&A expenses by dividing total G&A expenditures by total revenue.  Thus, REITs 

that expand their revenue while containing overhead costs are able to effectively purchase G&A 

at lower prices.  We also estimate the input price for property operating expenses by dividing 

total property level operating expenses by total revenue.  Similarly, we estimate the input price 

for capital expenses by dividing total capital expenditures by total revenue.  However, when 

output is measured using total revenue, we estimate the input prices for G&A, property 

expenses, and capital expenditures by dividing by gross property value.  Thus, REITs that 

expand their property asset base while containing overhead costs, property expenses, and capital 

expenditures are able to effectively purchase these goods and services at lower prices.   

Complete financial data necessary are available for a cross section of 125 publicly traded 

equity REITs in 1994, 134 REITs in 1995, 143 REITs in 1996, 164 REITs in 1997, and 175 
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REITs in 1998. Table 1 provides the descriptive statistics for variables needed to estimate 

equations 2-4.  Capital costs are defined as the product of the price of capital (WACC) and the 

amount of capital (total market capitalization).  Thus, total costs are the sum of capital costs, 

G&A expenses, property operating expenses, and capital expenditures. 

We follow Gropper (1991) and estimate the system separately for each year.  Thus we are 

able to examine whether the growth in the REIT market during the 1990s had an impact on or 

resulted from REITs capitalizing on economies of scale.  An alternative to using separate cross-

sectional estimations to check for shifts in production technology is to pool the annual data and 

include a time trend variable as a proxy for changing technology.  Unfortunately, pooling REIT 

data across these years raises a number of econometric issues that lead one to question the results 

from this method.10  Thus, we report the yearly cross-sectional OSEs. 

Table 1 reports the descriptive statistics for the sample.  Consistent with the growth in the 

REIT market between 1994 and 1998, we see that average REIT output (total revenue) increased 

258 percent (from $54 million to $192 million) in nominal terms while average total market 

capitalization increased 223 percent (from $497 million to $1,607 million).11  Average REIT net 

income increased over 225 percent in nominal terms between 1994 and 1998.   

We proxy REIT size using total assets and total property value (at book value) and find a 

similar growth trend with average total assets increasing 290 percent in nominal terms over the 

sample period (from $374 million to $1,461 million).12  Given that REITs are in the real estate 

                                                                                                                                                                                           
9 For example, the FFO growth rate for 1998 is found by averaging the FFO growth rates for 1996 and 1997 for all 
REITs. 
10 These issues include sample stability (not all REITs have data for all years) and the impact of inflation. 
11 Total revenue increased 225 percent in real terms while market capitalization increased 195 percent in real terms 
between 1994 and 1998. 
12 In real terms, total assets increased 257 percent. 
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business, it is not surprising that property is the primary REIT asset (averaging 97 percent of 

total assets).   

Table 1 also reports the descriptive statistics for REIT input prices.  It is surprising to see 

that during this period of significant REIT growth in assets, capitalization, and revenue, REIT 

cost of capital remained relatively constant.  We note that the average weighted average cost of 

capital fluctuated between 11.6 percent in 1994 and 14 percent in 1996.  With the exception of 

1994, our estimate of the REIT cost of equity showed little variation and averaged 18.4 percent 

for the 1995 to 1998 period.  Consistent with the overall downward trend in interest rates during 

this period, we find that the cost of debt also declined from 6.8 percent in 1995 to 5.7 percent in 

1998.  Offsetting this trend, the cost of preferred equity experienced a slight increase between 

1994 and 1997 with a significant increase in 1998 to 3.2 percent. 

 

5. EMPIRICAL RESULTS 

5.1 Output Measured as Total Assets 

Table 2 reports the parameter estimates and asymptotic t ratios using outputs as total 

assets.  We note that across all years, the output coefficients (α1) are positive and statistically 

significant, implying positive cost elasticities. As expected, the positive coefficients imply that 

as total assets increase, total costs also increase. 

Examining the input factor prices, we find positive and highly significant coefficients.  

Again, as expected, this suggests that total costs increase with increases in input prices.  Given 

that access to capital is the primary determinant of REIT expansion capability, it is not surprising 

that the parameter for the cost of capital (WACC) is significantly larger than the other input 

parameters.   
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Table 3 reports the SUR estimates of the overall scale economies for total assets.  We 

estimate the OSE’s over a range of REIT asset size categories by dividing the yearly samples 

into quartiles and calculate the OSEs at the output means for each size category.  By estimating 

the model separately for each year, we are able to compare the REIT cost functions across time.  

The t-statistics test the hypothesis that OSE is unity, implying constant returns to scale.  For the 

full sample across all years (1995-1998), we cannot reject the null hypothesis of constant returns 

to scale.  The implication is that REITs are operating at the minimum cost and that there is no 

advantage to either increasing or decreasing in size. 

5.2 Output Measured as Total Revenue 

Table 4 reports the parameter estimates and asymptotic t ratios with output measured as 

total revenue.  As with total assets, we note that across all years, the output coefficients (α1) are 

positive and statistically significant, implying positive cost elasticities. As expected, the positive 

coefficients imply that as total revenues increase, total costs also increase.  However, we are 

unable to reject the null hypothesis that the output parameter coefficients (α1) are different from 

1.0.  This indicates that costs increase at the same rate as total revenue.  Although, for 1998 we 

find the quadratic output coefficient is also positive and significant indicating that costs increase 

at an increasing rate as output expands.   

Examining the input factor prices, we find positive and highly significant coefficients.  

Again, as expected, this suggests that total costs increase with increases in input prices.  

However, the input parameter coefficients are significantly less than unity implying that total 

costs increase at a lower rate for a given increase in input prices.  Given that access to capital is 

the primary determinant of REIT expansion capability, it is not surprising that the parameter for 

the cost of capital (WACC) is significantly larger than the other input parameters.   
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Table 5 reports the SUR estimates of the overall scale economies.  Again, the t-statistics 

test the hypothesis that OSE is unity, implying constant returns to scale.  For the full sample 

across all years (1995-1998), we cannot reject the null hypothesis of constant returns to scale.   

An interesting pattern emerges in Table 5 for the various REIT size categories.  First, 

with the exception of the smallest size category in 1995 and 1996, the estimated OSEs indicate 

constant returns to scale in REITs across the larger size categories for all years.  For the first 

quartile size category in 1994, 1997 and 1998, the estimated OSEs are significantly greater than 

1.0 implying increasing returns to scale.  The finding of constant returns to scale for most REIT 

size categories suggests that in revenue output, REITs from 1995 to 1998 did not demonstrate 

the ability to generate significant economies or diseconomies of scale in revenue.  Given the 

limited time period and the overall lack of statistical significance, it is with caution that we 

observe a general pattern.  The smallest REITs appear to maintain increasing economies of scale 

while the largest REITs (third and fourth quartiles) appear to be trending toward decreasing 

returns to scale.  This implies that pressure may exist for smaller REITs to become larger to take 

advantage of these efficiencies while larger REITs appear to be at the appropriate size to 

capitalize on their scale economies. 

5.3 Output Measured as Total Square Feet for Lease 

 As noted above, focusing on total asset size (book value) may distort the analysis of scale 

economies since book values of assets do not represent the actual physical output being 

produced.  Thus in tables 6 and 7, we focus on output measured as total square feet of space 

available for lease.  Unfortunately, SNL Datasource does not maintain historical property size 

records and thus we were only able to collect total square feet owned by REITs for 1997 and 
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1998.  Furthermore, not all REITs report their aggregate square footage available for lease and 

thus our sample sizes are reduced to 142 firms in 1997 and 151 firms in 1998. 

 Examining the parameter estimates (Table 6), we again find positive and significant 

coefficients for both output (Q) and input factor prices.  The positive parameter estimates for 

output and the quadratic output term suggests that total costs increase at an increasing rate as 

total size increases.  However, we find that the output parameter (α1) is significantly less than 

unity implying that total costs do not increase at the same rate as physical size.  As with total 

assets, we find the input parameter coefficient are significantly less than one and we also note 

that the parameter coefficients on capital are larger than the other input parameters confirming 

that capital cost is the primary input factor for REITs.  This finding is consistent with previous 

studies that indicate that G&A and property operating expenses are a relatively minor factor in 

determining REIT profitability. 

 Turning to the SUR estimates of overall scale economies (OSE) in Table 7, we find 

dramatic evidence of REITs having increasing returns to scale.  All the OSE estimates are 

significantly greater than 1, which is consistent with increasing returns to scale.  Although it is 

difficult to extrapolate from two-years of data, the 1998 OSE estimates are smaller than 1997 

estimates, which is consistent with REITs increasing their size in order to capitalize on 

economies of scale.  Since the OSE estimates for 1998 were still greater than one, this suggests 

that further consolidation in the REIT industry is necessary for REITs to fully realize economies 

of scale.   

 Examining the OSE estimates for each size quartile, we find that the smaller REITs 

exhibit the largest increasing returns to scale.  This suggests that smaller REITs have the most to 

gain from growth in their portfolios.  Although the OSE estimates are smaller, the results also 
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indicate that the largest REITs are also operating in the region of increasing returns to scale.  

Again, this implies that even the largest REITs may be able to increase their size to capitalize on 

efficiencies in scale economies. 

 To put these results into perspective, we calculate the impact on total costs of a 50 and 

100 basis point increase in the WACC over the respective quartile mean WACC for the 1998 

sample.  For the sample average, a 50 basis point increase corresponds to a 5.6% increase in the 

weighted average cost of capital that translates into a 2.5% increase in total costs.  The 100 basis 

point increase corresponds to an 11.3% increase in WACC that translates into a 4.1% increase in 

total costs.  For the average REIT in the smallest quartile, a 100 basis point increase in WACC 

(10.5% increase) produces a 2.7% increase in total costs while a similar 100 basis point increase 

in capital costs for the average REIT in the largest quartile (a 13.3% increase) produces a 6.7% 

increase in total costs.  The same relationship holds for a 50 basis point increase in WACC. 

Our finding of large-scale economies for REITs is consistent with research in other 

industries on scale economies and firm size.  For example, Gropper (1991) found that scale 

economies in the banking industry have increased following deregulation and that further 

technological developments in the banking industry may lead to significant scale economies for 

larger banks.  In studies of mergers and acquisitions in the 1980s, Ambrose and Megginson 

(1992) and Berkovitch and Narayanan (1991) report that as firm size and scale economies 

increase, firms face a lower threat of takeover.  This suggests that smaller firms without 

significant economies of scale face a higher takeover threat implying that consolidation will 

occur as larger firms acquire smaller firms.  Thus, the finding of significant scale economies in 

REITs with respect to capital costs is consistent with Linneman’s (1997) hypothesis that real 
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estate is similar to other capital intensive industries (e.g. steel, railroads, airlines, and brewing, 

etc.) and that consolidation will continue. 

5.4 A Graphical Comparison of Average Costs Curves 

The existence of economies of scale simply tells us whether the average cost curve is 

upward sloping (decreasing returns), downward sloping (increasing returns), or flat (constant 

returns).  Therefore, any examination of economies of scale should at least provide a graphical 

representation of the average cost curve.  The previous sections estimated cost functions using 

three different measures of output – assets, revenue, and square feet.  Unfortunately, none of 

these measures perfectly identify actual output.  For instance, the square feet measure cannot 

capture quality differences and revenue cannot separate price from quantity.  Even the asset 

measure may be inaccurate because it is based on book values not actual market valuations. 

We estimate average cost curves using the 1998 SUR parameter estimates for each output 

type (see tables 2, 4, and 6).  Input prices are evaluated at their mean and the output measure is 

varied.  This calculation provides us with the total cost for each output level. Estimated total cost 

is then divided by output to calculate the average cost.  The curves in Figure 1 represent 

‘simulated’ average cost curves for each output measure while holding input prices constant.  To 

aid in the comparison, output and average cost are normalized at their means.   

The square feet and asset size measures produce classic looking downward sloping 

average cost curves as REITs grow from small firms to medium sized firms.  But the cost curves 

never turn back up.  This implies that our estimates of the cost curve indicate that marginal costs 

are still below average costs and that REITs have not reached the minimum efficient scale or the 

bottom of the average cost curve.  While there may be many potential explanations for this 

anomaly, it is likely caused by the lack of precision in our estimates.  Lastly, the results that use 



 18

total revenue as the output measure show the opposite result.  REITs face decreasing returns as 

the average cost curve is always upward sloping.  This strengthens our view that revenue is not 

an appropriate measure of REIT output and confuses output prices for output quantities. 

 

6. CONCLUSIONS 

The empirical results presented here are mixed.  The choice of output measure has a 

direct impact on the conclusions drawn regarding the future for REIT consolidation.  When scale 

economies are estimated with output measured as either total assets or total revenue, we find that 

REITs generally appear to be operating at constant returns to scale.  Since constant returns to 

scale imply that firms are operating at or near their minimum cost function, this implies that 

there are no efficiency gains from increasing in size.  However, with output measured as the size 

of physical assets  (square feet for lease), we find significant evidence that REITs have 

increasing returns to scale.  This would indicate that consolidation of REITs may continue, as 

REITs appear to be able to increase size in terms of square foot output without costs dramatically 

by becoming larger.  This finding is consistent with research showing that scale economies exist 

in other capital sensitive industries (such as banking). 

These mixed results point out than when examining scale economies in real estate, a note 

of caution is in order.  As Ambrose, Highfield, and Linneman (2000) discuss, given the relatively 

small and similar size of most REITs and the recentness of their integration, the statistical 

technology available to measure economies of scale is not sufficiently precise to fully capture 

variations across firms.  Market dynamics further complicate the analysis.  For example, as 

leading firms merge, their competitors respond, making it difficult to capture the effect of scale 
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economies cross sectionally.13  Thus, traditional research relying on accounting data reported at 

discrete intervals is subject to specification errors that bias the analysis toward statistically 

insignificant findings of scale economies.  As a result, the definitive answer to the question of 

whether scale economies exist in REITs must await the collection of more data across various 

aspects of the business cycle. 

                                                           
13 The recent merger activity and consolidation discussions in the airline industry are an example of this effect.  The 
announcement of United Airlines intention of buying USAirways prompted American Airlines and Delta Airlines to 
begin discussions of a possible merger in response. 
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Table 1 
Descriptive Statistics 

  1998 (N=175) 1997 (N=164) 1996 (N=143) 1995 (N=134) 1994 (N=125) 
  Mean Std Dev Mean Std Dev Mean Std Dev Mean Std Dev Mean Std Dev 

Output:         

 

Total Sq. Feet 
 (1997 N=142) 
 (1998 N=151)  19,819,011  30,796,369       19,819,011      30,796,369 - - - - - - 

 Total Assets $1460959.23 $2038084.01 $1018196.60 $1395736.40 $625032.70 $751870.58 $470882.09 $495570.08  $ 374,538.25   $ 358,593.89  
 
Inputs:         

  

 Total Capitalization $1606546.86 $2155536.32 $1393537.80 $1829809.70 $900848.95 $1108971.58 $629030.60 $696795.81  $ 496,995.20   $ 535,813.21  
 G&A Expense $7867.39 $12165.54 $4681.22 $4471.29 $3565.69 $3124.16 $3180.95 $3078.64  $     2,637.98   $     2,341.38  
 Property Level Expense $54666.84 $84972.70 $39663.37 $71048.94 $27936.48 $47536.30 $23165.04 $37479.67  $   16,500.53   $   21,976.25  
 Capital Expenditures $1472.69 $5109.37 $848.56 $2758.39 $429.91 $1248.51 $751.25 $2048.66  $        250.02   $     1,216.81  
 Total Costs $249465.51 $319325.45 $229535.62 $279848.65 $156456.79 $182110.97 $113745.86 $122149.73  $   77,352.27   $   81,169.19  
 
Input Prices:         

  

 G&A Price         0.009 0.010 0.008 0.009 0.009 0.007 0.011 0.011 0.011 0.013
 Property Expense Price         0.039 0.032 0.042 0.043 0.050 0.055 0.052 0.050 0.048 0.049
 Capital Ex. Price         0.001 0.002 0.001 0.002 0.001 0.002 0.001 0.004 0.001 0.003
 Capital (WACC)         0.121 0.023 0.139 0.029 0.140 0.027 0.139 0.029 0.116 0.026
   Cost of Equity 0.185 0.033 0.184 0.032 0.184 0.031 0.184 0.030 0.151 0.029
   Cost of Debt 0.057 0.018 0.063 0.047 0.064 0.024 0.068 0.026 0.057 0.035
   Cost of Preferred Equity 0.032 0.039 0.018 0.033 0.013 0.029 0.009 0.032 0.005 0.017
 
REIT Size:         

  

 Net Income  $37,456.30  $56,349.99  $28324.16   $34601.04   $21,704.73   $28,591.02   $15,098.16   $19,111.15  $11,492.48 $13,882.28 
 Total Revenue       $191833.97 $277650.31 $124081.49 $160782.50 $90916.36 $115980.60 $74181.70 $90041.29 $53562.16 $58501.69
 Property Book Value $1341261.01 $1829884.05 $942035.25 $1258327.55 $593751.65 $676327.47 $445872.06 $444048.56  $ 361,956.80   $ 335,371.54  

 
Ratio of Property Value 

 to Total Assets 0.950        0.182 0.961 0.191 0.981 0.190 0.976 0.219 0.977 0.225
Total cost is the sum of capital costs, G&A expense, property level expense, and capital expenditures. Capital costs are defined as the total market capitalization times the 
estimated weighted average cost of capital.   
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Table 2 
Seemingly Unrelated Regression (SUR) Parameter Estimates – Output = Total Assets 

     Parameters Variable 1994 1995 1996 1997 1998 
α0 Intercept 0.121*** 0.113*** 0.122*** 0.199*** 0.252***

  (2.73)     

     

     
     

 
     

 
     

 
     

       

(2.82) (3.11) (3.88) (5.86)

α1

 
ln (Q) 1.054*** 1.027*** 1.012*** 0.977*** 0.968***

  (19.47) (22.20) (23.50) (19.09) (24.49)

α2

 
ln (Q)2 0.001 0.003 -0.005 0.014 0.001

  (0.06) (0.15) (-0.30) (0.95) (0.06)

β1

 
ln (pK) 0.760*** 0.803*** 0.821*** 0.759*** 0.713***

  (58.64) (72.37) (77.68) (64.69) (64.19)

β2

 
ln (pZ) 0.042*** 0.031*** 0.030*** 0.037*** 0.054***

  (13.31) (9.96) (13.47) (8.11) (9.40)

β3

 
ln (pE) 0.177*** 0.142*** 0.127*** 0.172*** 0.205***

  (12.23) (11.17) (10.11) (11.78) (16.18)

β4

 
ln (pR) 0.022 0.024 0.022 0.032 0.028

Note:  Numbers in parentheses are asymptotic t statistics.  ***- significant at the 1% level.  β4 = 1-β1-β2-β3.  Q is output (total assets), pK is the price of 
capital, pZ is the price corporate overhead, pE is the price of capital expenditures necessary to maintain the property, pR is the price of property level 
expenses, including labor.   
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Table 3 
Scale Economy Estimates 

Output = Total Assets 
  Quartile 1994 1995 1996 1997  1998

All 0.950     0.976 0.983 1.04 1.034
 (-0.69)     

  
     

     
     

     
     

    
     

(-0.39) (-0.30) (0.70) (0.70)
 

First 0.953 0.985 0.968 1.10 1.036 

 (-0.64) (-0.25) (-0.58) (1.63) (0.75)
 

Second 0.950 0.977 0.982 1.05 1.034
 (-0.69) (-0.38) (-0.32) (0.79) (0.70)
 

Third 0.948 0.974 0.988 1.03 1.033
 (-0.70) (-0.43) (-0.21) (0.45) (0.68)
 

Fourth 0.947 0.970 0.995 1.00 1.032
 (-0.73) (-0.50) (-0.08) (0.01) (0.65)

*** - significantly different at the 1% level. 
** - significantly different at the 5% level. 
* - significantly different at the 10% level. 
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Table 4 
Seemingly Unrelated Regression (SUR) Parameter Estimates – Output = Total Revenue 

 

Parameters Variable      1994 1995 1996 1997 1998
α0 Intercept 0.291*** 0.250*** 0.227*** 0.286*** 0.278***

  (4.30)     

     

    
     

 
     

 
     

 
     

       

(3.15) (3.23) (3.75) (4.23)

α1

 
ln (Q) 0.944*** 0.884*** 0.955*** 0.956*** 1.010***

  (13.10) (10.34) (12.84) (12.40) (16.80)

α2

 
ln (Q)2 0.026 -0.030 0.003 0.022 0.049***

  (1.07) (-0.85) (0.10) (0.78) (3.24)

β1

 
ln (pK) 0.747*** 0.790*** 0.811*** 0.751*** 0.704***

  (54.71) (66.55) (72.84) (62.26) (61.07)

β2

 
ln (pZ) 0.027*** 0.022*** 0.021*** 0.029*** 0.045***

  (3.28) (3.13) (4.08) (4.23) (6.39)

β3

 
ln (pE) 0.170*** 0.138*** 0.118*** 0.160*** 0.194***

  (8.76) (7.04) (6.19) (8.38) (11.07)

β4

 
ln (pR) 0.056 0.050 0.050 0.061 0.056

Note:  Numbers in parentheses are asymptotic t statistics.  ***- significant at the 1% level.  β4 = 1-β1-β2-β3.  Q is output (total revenue), pK is the price of 

capital, pZ is the price corporate overhead, pE is the price of capital expenditures necessary to maintain the property, pR is the price of property level expenses, 

including labor.  
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Table 5 
Scale Economy Estimates 
Output = Total Revenue 

  Quartile 1994 1995 1996 1997  1998
All 1.094     1.087 1.051 1.080 1.068

 (1.05)     

  
     

     
     

     
     

    
     

(0.72) (0.51) (0.89) (0.94)
 

First 1.210*** 0.981 1.062 1.174** 1.321***

 (2.35) (-0.16) (0.61) (1.94) (4.45)
 

Second 1.097 1.075 1.052 1.089 1.092
 (1.08) (0.62) (0.51) (1.00) (1.28)
 

Third 1.062 1.130 1.048 1.054 1.011
 (0.69) (1.07) (0.48) (0.61) (0.15)
 

Fourth 1.021 1.187* 1.043 1.013 0.920
 (0.23) (1.54) (0.43) (0.15) (-1.11)
*** - significantly different at the 1% level. 
** - significantly different at the 5% level. 
* - significantly different at the 10% level. 
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Table 6 

Seemingly Unrelated Regression (SUR) Parameter Estimates – Output = Total Square Feet For Lease 
 

Parameters Variable 1997  1998
α0 Intercept -0.164  -0.091
  (-1.28)  

  

  

 
  

 
  

 
  

(-0.72)

α1

 
ln (Q) 0.593*** 0.697***

  (5.59) (6.72)

α2

 
ln (Q)2 0.081*** 0.092***

  (3.63) (4.11)

β1

 
ln (pK) 0.740*** 0.689***

  (62.88) (61.26)

β2

 
ln (pZ) 0.028** 0.041***

  (2.03) (3.11)

β3

 
ln (pE) 0.200*** 0.239***

  (9.05) (11.17)

β4

 
ln (pR)  0.032 0.031 

Note:  Numbers in parentheses are asymptotic t statistics.  ***- significant at the 1% level.  β4 = 1-β1-β2-β3.  Q is output (total square feet for lease), pK is the 
price of capital, pZ is the price corporate overhead, pE is the price of capital expenditures necessary to maintain the property, pR is the price of property level 
expenses, including labor.   
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Table 7 
Scale Economy Estimates 

Output = Total Square Feet For Lease 
 

Quartile   1997 1998
All 2.333*** 2.014***

 (10.63)  

  

  

  

  

(8.27)
 

First 5.241*** 4.453***

 (33.83) (28.17)
 

Second 2.458*** 2.260***

 (11.63) (10.28)
 

Third 2.193*** 1.824***

 (9.52) (6.73)
 

Fourth 1.499*** 1.285***

 (3.98) (2.32)
Note:  Numbers in parentheses are asymptotic t statistics. 
***- significant at the 1% level.  
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Figure 1- Average Costs Curves 
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Average cost and output is normalized at the mean to aid comparison of each measure.  
Output-Assets indicates that total assets are the measure of output.  Output-Revenue and 
Output-Square Feet also indicate that outputs are measured by total revenue and total 
square feet for lease respectively.  Curves are estimated by evaluating input prices at 
their means and varying output from the minimum size up to 2 standard deviations 
above the mean. 
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