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1. IntroductIon

over the last two decades, China has 
achieved amazing economic growth, accompa-
nied by rapid development of her real estate 
market. The demand for urban land and new 
dwellings has substantially increased due to 
the fast growth of urbanization (Hui and yue, 
2006). It is widely accepted that the real estate 
industry is an important booster for the recent 
China’s economic development, especially after 
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the Housing Policy reform in 1998. accompa-
nying her economic development, the China 
stock market is becoming one of the biggest 
security markets in the world. The huge and 
sustaining economic growth creates lots of op-
portunities for worldwide investors to profit 
from China’s booming economy. More impor-
tantly, it provides a safe hedge against tumul-
tuous events from the international financial 
markets to some extent. among all the China 
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stocks, the property stocks have benefited pro-
foundly during the last five years, due to the 
tremendous growth in housing prices and the 
urbanization process, as well as the rise in 
China’s currency exchange rate. 

as we can see in figure 1, China property 
stock index (left scale) rocketed in early 2006, 
doubling and then tripling before peaking in 
oct, 2007. although China’s property market 
presents indubitable growth potential, huge 
volatilities are imbedded in the property stock 
prices, just like the enormous decline after 
the 2007 U.S. Subprime Crisis (see Hui et al., 
2010 for example). now, though foreign inves-
tors are still paying increasing attention to the 
well-run China property market, they are keen 
to seek indirect property investment opportu-
nities in the Chinese stock market. However, 
there still remains one fundamental question: 
how to build up the portfolio? This is because 
this emerging market, which contains nearly 
one hundred property securities, seems mys-
terious to most cross-border investors. In this 
regard, evaluating operation efficiency will be 
useful to better understand the way that a com-
pany operates, and has been widely adopted in 
many previous studies (see Chau and Wang, 

2001; anderson et al., 2002; Coelli and rao, 
2005; Hu and Wang, 2006; Thakur et al., 2006; 
Chau et al., 2005 for examples). Besides, it is 
plausible to assume that the performance of 
the real estate securities can be discriminated 
indirectly in terms of the operating efficiency 
of their underlying companies. In other words, 
a company with higher operational efficiency 
(i.e. produce some outputs using relatively low-
er inputs) will enjoy higher capital increment 
in the listed security market. 

The purposes of this paper are twofold (see 
Figure 2). The first purpose is to develop a 
Dea-based selection criterion of lreCs from 
a perspective of performance and operating ef-
ficiency, and explore the scale efficiency of the 
LRECs. The second purpose is to find out the 
best operating LRECs using the Super-efficient 
Dea model. The structure of this paper is laid 
out as follows: Section 1 provides the back-
ground for the study. Section 2 presents a brief 
review of previous studies on the evaluation of 
real estate securities. Section 3 presents the 
methodologies and models used in this study. 
Section 4 presents empirical results with the 
case of China. The last section concludes the 
paper. 
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figure 1. Historical China property security composite index:  
Jan, 2000 to Dec, 2009. Source: Bloomberg
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figure 2. an overview of the research framework

2. LItErAturE rEvIEW

Operational efficiency is considered to be 
one of the key issues and important selection 
criterions for the listed securities. In the last 
few years, many academic literatures (e.g. 
Bers and Springer, 1997; anderson et al., 
2000) have empirically investigated the op-
erational efficiency of Real Estate Investment 
Trusts (reITs). Bers and Springer (1997) use 
the trans-log cost function to estimate econo-
mies-of-scale for a sample of reITs during the 
period of 1992–1994. Their empirical results 
show that economies-of-scale exist for reITs 
for all years under investigation. Besides, they 
also find that the individual characteristics (i.e. 
type of management and degree of leverage) af-
fect the magnitude of the scale economy. later 
on, anderson et al. (2002) use Dea approach 
to estimate economies-of-scale and inefficiency 
for reITs using a time series sample from 
1992 to 1996. They find that those technically 
inefficient REITs are results of both poor input 
utilization and failure to operate at constant 
returns to scale, which means that most of the 
inefficient REITs could be further improved by 
company expansion. Besides, their results also 
imply that internal reIT management is posi-
tively related to all measures of efficiency (see 

also anderson and Springer, 2003 for another 
example). Miller and Springer (2007) estimate 
the operating efficiencies of REITs using the 
stochastic frontier models and panel data. This 
model can identify frontier cost improvements, 
returns to scale, and cost inefficiencies over 
time. In contrary to the previous studies, they 
find no evidence of scale economics and some 
evidence of scale diseconomies (see Miller et al. 
2006 for another example). However, the sto-
chastic frontier techniques are not competent 
for studying multiple outputs that are jointly 
produced, because this approach is normally 
limited to focus on single output at a time. 

Although the operational efficiency of RE-
ITs has been well discussed by real estate 
economists, there has been little systematic 
analysis of the listed real estate companies, 
especially in the emerging economy like Chi-
na. Chau et al. (2003) analyze the returns 
of twelve listed property companies and one 
property portfolio in Hong Kong using the 
style analysis approach. The results suggest 
that indirect and direct real estate are becom-
ing closer substitutes for each other; and the 
performance of a property company is mainly 
attributable to its investment style character-
ized by the implied portfolio rather than man-
agement skills. Hui et al. (2007) examine the 
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economic performance of Hong Kong property 
companies in term of economic Value-added 
(EVA). They find that the companies which 
diversified into other sectors performed better 
than those focused solely on real estate sector. 
They further argue that both the Singapore’s 
and Hong Kong’s property companies do not 
perform well from an eVa perspective. Wang 
and Wang (2009) use the Dea approach to an-
alyze the efficiency of twenty LRECs in China 
from 2000 to 2007. They find that the efficien-
cy of real estate industry is greatly influenced 
by the control policies. However, their results 
cannot further identify those extreme efficient 
companies. Besides, their study only focuses 
on the well known lreCs but does not cover 
all the lreCs in China, which might make the 
results incomplete and somehow biased. This 
is because the reputation and scale of a com-
pany do not necessarily mean a higher level of 
operational efficiency. Chau et al. (2010) em-
pirically investigate the linkage between direct 
and indirect real estate in terms of corporate 
governance structures, their results show that 
the China listed property companies had a 
weaker linkage between direct and indirect 
real estate than that of Hong Kong.

3. mEthodoLoGy And modEL 
spEcIfIcAtIon

Data envelopment analysis (Dea) is a pop-
ular non-parametric method in both opera-
tions research and economics studies for the 
estimation of the production frontiers and the 
relative efficiencies of a homogenous set of De-
cision-Making Units (DMUs: listed real estate 
companies). Dea is a multi-factor productivity 
analysis model, which is specifically designed 
to deal with multiple outputs and inputs with-
out pre-assigned weights and without imposing 
any functional form on the relationships be-
tween variables. Within the Dea framework, 
the performance is evaluated with respect to 
an efficient frontier, which is constructed by 
examining linear combination of the DMUs 

under study and determining the minimum 
necessary input level to achieve a given output 
level (see anderson et al., 2002). In general, 
there are three advantages of Dea approach: 
First, it measures the efficiency by converting 
multiple inputs into multiple outputs. Second, 
it does not require any assumptions about the 
functional form of the production function or 
prescribed weights to be attached to each in-
put and output. Third, it explores and identi-
fies the underlying causes of the inadequate 
(for example, slack in input factors). 

3.1. the ccr model

The Charnes-Cooper-Rhodes (CCr) model is 
proposed by Charnes et al. (1978), built on the 
idea of farrell (1957). It assumes that there is 
no significant relationship between the scale of 
operations and efficiency, which is well known 
as constant returns to scale (CrS). Under this 
assumption, the large lreCs are just as ef-
ficient as the small ones in converting inputs 
to outputs. In this study, we adopt the input-
oriented model, which means the inputs are 
minimized and the outputs are kept at their 
current levels. A relative efficiency score of a 
test jDMU can be obtained by solving the fol-
lowing fractional program: 
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where: m and s are the number of inputs and 
outputs factors respectively; 1( , ..., )j j sjy y=y
is a given s dimensional vector of s outputs of

jDMU ; and 1( , ..., )j j mjx x=x  is a given m  
dimensional vector of m inputs of jDMU . jv  
and ju  are the weights given to jx and jy
respectively. Weights are not allowed to fall 
below non-zero small positive numbers in or-
der to prevent the mathematical omission of 
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an output or an input in the iterative calcula-
tion of efficiency. Both jv  and ju in Dea are 
derived from the data instead of being fixed in 
advance and may vary from different DMUs 
(see Cooper et al., 2007, Chapter 1 for more 
details). Specifically, for each jDMU , we can 
find the best vector weight 1( , ..., )j j sju u=u  
and 1( , ..., )j j mjv v=v  that maximize the ratio 
between the weighted outputs and weighted 
inputs. In fact, both input and output slacks 
may exist in model (1). Hence, the fractional 
program in (1) is subsequently converted to a 
linear programming format and a mathemati-
cal dual with slacks as shown in program (2):
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where: θOE is the relative overall efficiency 
(oe); λ j is the dual variable. −

iS and +
rS rep-

resent input and output slacks, respectively. 
Generally, a DMU is efficient if and only if 
θ = 1OE and − += = 0i rS S for all i and r . The 
efficient targets of inputs and outputs are 
 −= θ − *OE

io io ix x S and  += θ − *OE
ro ro ry y S  re-

spectively.

3.2. the bcc model

The BCC Dea model proposed by Banker et 
al. (1984) further relaxes the CrS assumption 
to variable returns to scale (VrS) by adding 

a restriction of 1.
n

j
j

λ =∑  The CRS efficiency 

score in model (2) represents the overall tech-
nical efficiency, while the VRS efficiency score 
(see program (3)) denotes the pure technical 

efficiency (PTE). Besides, the BCC DEA model 
further decomposes the oTe into pure techni-
cal efficiency (PTE) and scale efficiency (SE), 
namely = /SE OE PTE .
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3.3. The Super-efficient DEA model

a common weakness of the above Dea 
models is that a considerable number of DMUs 
is typically characterized as efficient, unless 
the sum of the number of inputs and outputs 
is small relative to the number of observa-
tions. Hence, andersen and Petersen (1993) 
proposed the removal of the unit under evalu-
ation from the reference set. In other words, 
when a DMU under evaluation is not included 
in the reference set of the envelopment models, 
the resulting DEA models are called super-effi-
ciency Dea models. This procedure allows the 
determination of the unit’s relative placement 
regardless of whether the unit is efficient or 
not. It can be used in identifying the extreme 
efficient DMUs. It should be noted that the 
modification of the super-efficiency will not 
impact the technical score of those inefficient 
units, which will still fall below the frontier, 
in the same manner as before (see Zhu, 2008, 
Chapter 10; nahra et al., 2009 for details and 
examples). Some studies show that the super  
efficient CRS model may be infeasible; however, 
Zhu (1996) proves that the input-oriented CrS 
super efficient model is infeasible if and only 
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if a certain pattern of zero data occurs in the 
inputs and outputs of DMU. In this study, all 
inputs and outputs are strictly positive, which 
will ensure that all the DMUs have feasible 
solutions. for the input-oriented CrS super-
efficiency DEA model, the linear programming 
model is shown as follows:

Min
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where: the θsuper is the super efficiency score.

4. EmpIrIcAL studIEs

4.1. The data structure

The inputs and outputs selection procedure 
is one of the critical tasks for the follow-up ef-
ficiency analysis. Specifically, the data sources 
for this study consist of 94 lreCs in China’s 
stock markets (both Shenzhen and Shanghai 
Stock exchanges) according to the 2009 Annu-
al Financial Statements. There are four types 
of input factors adopted in this study: regis-
tered Capital, asset Value, employee number, 
and operation Cost. on the other hand, there 
are two types of outputs factors: revenue and 
Profit. The descriptive statistics of input and 
output factors of the selected lreCs are given 
in Table 1.

4.2. Ranking efficient units in DEA 
models

all the CCr-Dea, BCC-Dea and Super-
Efficiency-DEA models are calculated using 
the Dea frontier software developed by Zhu 
(2008); the detailed results are shown in Ta-
ble a1 in the appendix. according to the CCr-
DEA model, only 12 out of 94 (namely 12.8%) 
LRECs are operating on the efficient frontier, 
and the total efficiency had a mean score of 
0.78 (see figure 3-a). Besides, the BCC-Dea 
model reveals that the PTE of the inefficient 
lreCs is 0.84 (see figure 3-B), and it also 
suggests that there are 10 inefficient LRECs 
having optimal input utilization (i.e. PTe=1), 
while the Se is less than one. In other words, 
they still deviate from the efficient frontier due 
to the scale inefficiencies. On the other hand, 
the average score of Se is 0.93 (see figure 3-C). 
These results imply that there are more possi-
bilities for efficiency gain by better utilization 
of the input variables than taking advantage 
of scale efficiency, which further corroborates 
the findings of Bers and Springer (1997).

In order to discriminate the performance of 
these 12 operating efficient LRECs, the Super-
Efficiency-DEA model was employed. As il-
lustrated in the 7th and 8th columns (namely, 
S-e and ranking) of Table a1, we have the 
top-ranked lreCs in terms of the Super-ef-
ficiency Scores. More specifically, the top-ten 
lreCs are 000609.SZ, 600648.SH, 000042.SZ, 
000502.SZ, 600663_SH, 600658_SH, 000517_
SZ, 000797_SZ, 000838_SZ and 002208_SZ re-
spectively. These ranking results could serve 
as useful selection criterion for the listed prop-
erty investors. 

table 1. Descriptive statistics for the data

factors Min Max Mean Std. Dev. Skewness Kurtosis
Inputs registered capital (Million rMB) 107 10995 948 1315 5.39 37.40 

employee number (person) 20 17616 1124 2320 4.91 29.35 
asset value (Million rMB) 230 137609 10065 18536 4.76 27.32 
operating Cost (Million rMB) 16 41122 2072 4716 6.71 52.36 

outputs Profit (Million RMB) 2 6430 429 849 4.93 29.62 
revenue (Million rMB) 15 48881 2536 5693 6.51 49.34 
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4.3. Returns to scale

In classical microeconomic theory, the re-
turns to scale refer to changes in output sub-
sequent to a proportional change in all inputs. 
More clearly, if output increases by that same 
proportional change then there are constant 
returns to scale (CrTS). If output increases 
by less than that proportional change, there 
are decreasing returns to scale (DrS). If out-
put increases by more than that proportion, 
there are increasing returns to scale (IrS). 
Specifically, a company achieved scale efficient 
(namely constant return to scale) only if it op-
erates at the bottom of the assumed U-shaped 
curve.

In this study, we examine the nature of the 
scale efficiencies by determining the number 
of firms operating under constant, increas-
ing, and decreasing returns to scale. as shown 
in Figure 4, only 14% of LRECs under study 
were operating at CrTS, given the relatively 
low efficiency scores. On the other hand, the 
inefficient LRECs are dominated by those ex-
hibiting increasing returns to scale (i.e. 69%), 
suggesting that these lreCs could increase 
operating efficiency through company’s scale 
expansion, these results are coincident with 
the finding of Anderson et al. (2002), which 

shows that most reITs are operating at IrS. 
The results can be interpreted that the Chi-
nese real estate companies are still under the 
rapidly developing state, especially after the 
Housing Policy reform in 1998. 

Constant returns
to scale

14%

Decreasing returns
to scale

17%

Increasing returns
to scale

69%

figure 4. Scale efficiencies for all listed real 
estate companies

4.4. Slack adjustments of the input 
variables

The CCr-Dea model can identify the most 
efficient LRECs which operate on the frontier 
and serve as the benchmarks for those ineffi-
cient lreCs. figure 5 illustrates the average 
slack ratio of outputs for the inefficient LRECs. 
The employees slack is prevalent at 18.96%, 
followed by registered capital and asset value, 
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which have 6.54% and 5.57% slack. It is worth 
mentioning that only one company has slack 
in the operating cost. These results could help 
real estate companies for staying competent in 
order to survive in such a competitive business 
environment. for example, the substantive of 
employees implies that most of the lreCs 
are inefficient with respect to employee input, 
which is a common phenomenon in the early 
stage of an industry.

–

–

–

20%

15%

10%

5%

0%

Registered capital

Employees

Asset value

Operating 
    Cost

figure 5. Slack proportions of the inefficient 
lreCs

5. concLusIon rEmArKs

This paper has employed three frontier-
based Dea approaches to evaluate the op-
erational efficiency of LRECs in China’s stock 
markets. The Dea approach is a powerful, 
non-parametric technique that allows compari-
sons of diverse DMUs. furthermore, a Super-
Dea model is introduced to distinguish those 
lreCs that fall on the traditional Dea fron-
tier. The empirical results deliver three valu-
able findings: that is, (1) a new, useful ranking 
list for lreCs in China, in terms of operat-
ing efficiency. Such list provides extremely 
important information for both institutional 
and individual investors in choosing appropri-
ate lreCs. (2) The average oe, PTe and Se 

are 0.78, 0.84 and 0.92 respectively, reflecting 
lreCs’ different overall performance by differ-
ent measures. (3) 69% of the inefficient LRECs 
are dominated by increasing returns to scale, 
which implies that these companies could fur-
ther increase their operating efficiency through 
scale expansion. It also confirms that China’s 
real estate industry is still in its early stage 
and has much potential to be further devel-
oped. All in all, this research has identified 
and quantified the input factors that affect the 
efficiency of LRECs. This essentially helps in-
dividual LRECs improve their input efficiency 
and enhance their chance of survival in the 
current competitive environment.
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sAntrAuKA

NEKILNOJAMOJO TURTO KOMpANIJų, KURIų vERTybINIAI pOpIERIAI įTRAUKTI į 
bIRžOS SąRAšUS, EFEKTyvUMO vERTINIMAS: EMpIRINIS KINIJOS TyRIMAS

Xian ZhEnG, Kwong-Wing chAu, Eddie c. m. huI

Straipsnyje įvertinamas nekilnojamojo turto kompanijų, kurių vertybiniai popieriai įtraukti į biržos sąrašus 
(angl. LRECs), veiklos efektyvumas ir rezultatyvumas. Tam taikomi trys duomenų apgaubties analizės (angl. 
DEA) metodai, o būtent CCR-DEA, BCC-DEA ir Super-Efficiency-DEA metodai. Pritaikius šiuos duomenų 
apgaubties analizės metodus ir remiantis 2009 m. metinių finansinių ataskaitų duomenimis, buvo atlikta 
Kinijos akcijų rinkos 94-ių nekilnojamojo turto kompanijų, kurių vertybiniai popieriai įtraukti į biržos sąra-
šus, empirinė analizė. Įstatinis kapitalas, nominali aktyvų vertė, darbuotojų skaičius ir eksploatacinės išlai-
dos laikomi įeigos veiksniais, o išeigos veiksniais imamos pajamos ir pelnas. Šiuo empiriniu tyrimu galima 
pasiekti keturių rezultatų: pirmiausia, sudaryta integruoto vertinimo sistema ir nustatomi nekilnojamojo 
turto kompanijų, kurių vertybiniai popieriai įtraukti į biržos sąrašus, reitingai. Reitingų teikiama informacija 
naudinga investuotojams, siekiantiems netiesioginio dalyvavimo Kinijos nekilnojamojo turto rinkoje. antra, 
nekilnojamojo turto kompanijų, kurių vertybiniai popieriai įtraukti į biržos sąrašus, vidutiniai dydžiai: ben-
dras efektyvumas (angl. OE), grynasis techninis efektyvumas (angl. PTE) ir masto efektyvumas (angl. SE), 
atitinkamai sudaro 0,78, 0,84 ir 0,92. Trečia, 69 proc. neefektyvių nekilnojamojo turto kompanijų, kurių ver-
tybiniai popieriai įtraukti į biržos sąrašus, priskirtos prie augančio pelno kompanijų, kurios gali kelti veiklos 
efektyvumą plėsdamos savo veiklą. Ketvirta, 18,96 proc. neefektyvių nekilnojamojo turto kompanijų, kurių 
vertybiniai popieriai įtraukti į biržos sąrašus, būdinga darbuotojų neveiksnumas.
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