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Abstract This study investigates the time series behavior of real estate company
net asset value discount/premium (NAVDISC) in eight Asian-Pacific securitized
real estate markets from 1995 to 2003. We postulate that if there is a stable
NAVDISC for real estate companies in the long-run, then there should be a long-
run cointegrating relation between their stock prices (Ps) and net asset values
(NAVs). Employing panel data cointegration econometrics that comprises three
approaches; panel unit root test, heterogeneous panel cointegration test and dy-
namic panel error-correction modeling (ECM), we find that long run NAVDISCs
persist in individual Asian-Pacific securitized real estate markets and the regional
market. All the NAVDISCs exhibit mean reversion and that the respective
disequilibrium errors fluctuate around the mean values. Moreover, NAV is an
important factor that statistically explains the price variations in real estate stock
prices regardless of their speed of mean-reversion in the NAV discount /premium.

Keywords Asia-Pacific securitized real estate markets . Net asset value discount/
Premium . Panel unit root . Panel cointegration . Dynamic panel error-correction
modeling

Introduction

Similar to closed-end funds and real estate investment trusts (REITs), real estate
company stock prices deviate considerably from their net asset values (NAV).
NAV in a property context represents the underlying value of the real estate assets
of a property stock. This value is generally similar to the direct value of underlying
real estate values less liabilities. The premium or discount of real estate stocks
(NAVDISC) is calculated by taking the difference between the current stock price
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(P) and NAV and dividing it by the NAV. The higher the NAV to the P results in
the real estate stock trading at a discount (i.e., NAVDISC is a discount); the lower
the NAV to the P results in the real estate stock trading at a premium (i.e.,
NAVDISC is a premium). Adoption of this NAV approach implies that stock prices
and NAVs are linked since at a fundamental level, real estate company stock prices
should reflect their underlying real estate asset values (Adam & Venmore-Rowland,
1989). Since Asian-Pacific real estate markets have been investigated less thoroughly
in the past, consequently in this paper, we investigate whether the Asian-Pacific real
estate company stock prices are significantly related to their NAVs in the long run,
and if so, estimate how fast the dynamic adjustments take place.

With recent studies (Conover, Friday, & Sirmans, 2002; Steinert & Crowe, 2001;
Worzala & Sirmans, 2003) highlighting the diversifications benefits of including
international listed real estate in a mixed asset portfolio, considerable attention has
been given to various aspects of real estate company performance in Asia. Given
the increasing level of international investment in Asian real estate companies in
recent years, it is timely to investigate whether NAV, as the traditional basis for
valuation of real estate companies, is linked to share price both in the long-run and
short-term. As shall be seen, this long-term relation is essentially the BNAVDISC^.
Such analysis will reveal whether real estate company performance is linked in the
long run to the performance of the underlying real estate market and its short-term
fluctuations and has great implication for performance measurement and return–
volatility relationships. Furthermore, NAV as the principal basis for real estate com-
pany valuation may have to be reassessed if real estate company stock prices have no
or insignificant relationship with their NAVs. This is a significant contribution as
there has been very little work in the USA, the UK or Asian countries regarding
the fundamental factors of real estate company valuation. Moreover, no other
study has considered this NAVDISC issue on an Asian wide basis.

Unlike earlier studies, we employ panel stationarity tests, panel cointegration
procedures and panel dynamic error-correction modeling to investigate whether a
long run contemporaneous cointegrating relation exists between real estate
company stock prices (P) and net asset values (NAV) by simultaneously testing
for panel cointegration between P and NAV values of listed real estate firms in
eight Asian-Pacific securitized real estate markets (Australia, Hong Kong, Japan,
Singapore, Malaysia, Indonesia, Philippines and Thailand) based on individual
panels and whole panel. This panel approach allows us to assess the average
equilibrium long-run relation and a short-run dynamic behavior of the real estate
companies_ NAVDISC across the individual Asian-Pacific securitized real estate
markets. As in closed-end funds and REITs, our overall results are that long run
net asset discounts persist in the individual Asian-Pacific real estate markets. All
the NAVDISCs display mean reversion with the respective disequilibrium errors
fluctuate around the long-term means. Moreover, NAV is an important factor that
statistically explains the price variations in real estate stock prices regardless of
their speed of mean-reversion in the discount / premium.

To establish a background for the study, Theory of Real Estate Stock Valuation
presents a short account of the theory of real estate stock valuation. A brief review
of the relevant literature is presented in Literature Review. In Sample and Data
Characteristics and Research Methodology, we describe the data set and present
the panel unit root, panel cointegration and dynamic panel ECM methodologies.
Results reports and discusses the results. The final section concludes the paper.
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Theory of Real Estate Stock Valuation

The present value of future cash flows is the major valuation principle of finance.
With regard to firm valuation, finance literature states the value of a firm_s common
stock to the investor is equal to the present value of its future dividends. Similarly
common stock valuation models can focus on other corporate performance variables
such as future earnings or the values of its individual assets and liabilities (i.e., NAVs).

Depending on the nature of the firm_s business and analysts_ preference,
valuation can thus focus solely on one of these attributes (i.e., dividends, earnings
or NAVs). A good example is the valuation of real estate stocks which are valued
in stock market whereas the underlying properties are appraised in the real estate
market. This unique characteristic has led Adams and Venmore-Rowland (1989)
to argue that real company valuation is generally related to the value of the
underlying properties (i.e., NAVs) and less to earnings and dividends. Hence real
estate stocks are likely to provide a return that should not differ significantly from
the return on the underlying real estate assets over a relatively long period.

The main justification for a NAV basis of valuation, rather than an earnings or
dividend basis, rests on the growth potential of the assets (real estate assets) held.
It has been argued by many that a real estate company value derived using an
industry standard price–earnings ratio or dividend yield is considerably less than
the value of its underlying real estate assets which are anticipated to grow over
time. On the contrary, it might also be argued that as movements in real estate
company stock prices are more closely associated with the stock market
fluctuations in the short term (Barkham & Ward, 1999), attention should thus
be focused on more standard earnings/dividend stock market indicators.

Mathematically, given a time series of P and NAV data, the P-NAV relation
for the jth real estate firm can be written as:

Pjt ¼ aj þ bj NAVð Þjt þ "jt ð1Þ

for j=1,2,.....N and t=1,.......T.

Equation 1 recognizes that b on a particular real estate company can be
different from that of another real estate firm. Further if the P-NAV relation is
well specified, then a should be insignificantly different zero. In this case, the
relation in Eq. 1 holds if a long-run cointegrating relation exists between P and
NAV. Specifically, If P and NAV are cointegrated, then they tend to revert back
to a long-term relationship (expressed by bj ¼

Pjt

NAVjt
) and short-term variations in

the P-NAV ratios fluctuate around the long-run P-NAV ratio.
Similar to closed-end funds that commonly trade at a discount to NAV,1 real

estate companies normally stand at a discount to NAV as they represent a special
class of closed-end fund (Liow, 2003). Moreover, it can be seen from the above that
the P-NAV ratio contains the same information as the NAVDISC, but all P-NAV
ratios are expressed as positive numbers. When the ratio is greater than one, real
estate firms are trading at a premium; and when the ratio is less than one, they are
trading at a discount. When the ratio equals 1, the price equals to NAV. The long-
run relation between price and NAV is thus the NAVDISCs. Hence, by examining

1 Examples of these studies include Bennett and Gronewoller (2002); Gasbarro, Johnson, and
Zunwalt (2003); Lee, Shleifer, and Thailer (1991); and Movassaghi, Bramhandkar, and Shikov
(2004).
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the long-run relation between P and NAV, we are also testing if a Blong-run^
NAVDISC persists in the Asia-Pacific securitized real estate markets and esti-
mating how fast the dynamic adjustments take place in the short-run.

Literature Review

The literature on corporate fundamental values and stock prices, real estate
company valuation and panel cointegration econometrics provide a suitable
empirical foundation for this study.

On the relation between corporate fundamental values and stock price perfor-
mance, Fama and French (1988) proposed dividends per share (DPS) as being signifi-
cant in explaining stock returns. Campbell and Shiller (1988) suggested DPS, dividend
growth and long-term earnings per share (EPS) as being significant in explaining
returns. Shiller (1989) noted that there were some apparent resemblances between
dividends and stock prices. Santoni and Dwyer (1990) examined long-run data on
stock prices and dividends and found that the two series did not diverge much.
Additionally, shocks to prices did not cause the price and dividend series to drift apart
as would be expected in the event of a stock market bubble. MacDonald and Power
(1995) detected a cointegrating relation exists among US stock prices, dividends and
earnings retention and established a dynamic error-correction model that considered
the short-run adjustment process. Lee (1996) investigated the comovements of the
logs of earnings, dividends and stock prices by testing for the number of common
stochastic trends among the series. He found that the three USA series were coin-
tegrated with a single cointegrating factor and that the dynamic relationship between
the three variables was significantly affected by the equilibrium relationship. On the
other hand, Rosenberg, Reid, and Lanstein (1985) found that average returns on
U.S. stocks were positively related to the ratio of a firm_s book value of common
equity to its market value (BV/MV). Finally, Basu (1983) found that earnings–price
ratio (E/P) can explain the cross section of average returns on the U.S. stocks.

None of the studies mentioned above is concerned with valuation of real estate
company stock and their pricing in the stock market. This is probably because real
estate stocks, being securities backed by real estate, differ from other common stocks
in their basis of valuation. Specifically, Adams and Venmore-Rowland (1989) have
pointed out that real estate company portfolio valuations are based more on their net
asset values and less to earnings and dividends. A real estate company is thus similar
to an investment trust and other closed-end funds except that the true NAV is much
harder to ascertain. Empirically, Barkham and Ward (1999) found a stable long-term
relationship between UK real estate company stock prices and NAV. The average
real estate stock price was about 75 of average NAV. His study thus gives support for
a NAV-based basis of valuation. Sing, Liow, and Chan (2002) detected long-run
convergence relationships of stock prices with their fundamental values (EPS, DPS
and NAV) for 60% of Singapore listed real estate stocks. Finally, Liow (2003) con-
firmed that NAV was a factor in real estate company valuation. However, the extent
of mean reversion between real estate company stock prices and their NAVs was
slow and the deviations between the two markets_ valuation could be prolonged. To
date, no study has considered this issue in international securitized real estate markets.

Since the 1990s, developments in panel data cointegration econometrics have
sparked a lot of literature. According to Banerjee (1999), Bthe emphasis of the
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literature on unit roots and cointegration in panel data has been the attempt to
combine information from the time series dimension with that obtained from the
cross-sectional... (p. 607).^ The main objective is to allow a more straightforward
and precise inference to be made about the existence of unit roots and
cointegration by considering the cross-section dimension (Banerjee, 1999). This
panel approach is particularly appropriate for our study in which the time series
for the data (i.e., price and NAV) have only 36 quarterly observations (see also
Sample and Data Characteristics on Bsample and data characteristics^) but same
data are available across a cross-section of real estate firms in the eight Asian-Pacific
securitized real estate markets. Similar to the traditional cointegration approach,
the cointegration econometrics of panel data have three major components. First,
panel unit root tests are designed to evaluate the null hypothesis that each
individual in the panel has integrated time series versus the hypothesis that all
individual time series are stationary.2 Second, panel cointegration techniques are
used to test the cointegration for homogenous or heterogeneous panels. For
example, Kao (1999) developed residual-based OLS estimators to study the null
of non-cointegration for homogeneous panels. On the other hand, Pedroni (1995,
1999) proposed seven tests for non-cointegration in heterogeneous panels with
multiple regressors, including heterogeneity in both the long-run cointegrating
vectors and in the dynamics. His tests thus allowed for varying intercepts and
varying time sloping. Third, another parameter of interest in the panel cointegra-
tion application is the speed of adjustment to the long-run. In this regard, dynamic
panel error-correction methodologies that employed the mean group (MG) (Pesaran
& Smith, 1995), pooled mean group (PMG) (Pesaran, Shin, & Smith, 1999) and
dynamic fixed effect (DFG) (Anderson & Hsiao, 1981) estimators have been
reported in the literature. Of them, the PMG estimator allows researchers to
investigate long-run homogeneity without imposing parameter homogeneity in the
short run. Hence the long-run coefficients are constrained as identical but short-run
coefficients and error variances to differ across groups. On the other hand, the MG
estimator is the least restrictive and is a simple unweighted mean of the coefficients.
Finally, panel cointegration methodology has been successfully employed mainly in
economic and finance studies such as test of real exchange rates (MacDonald,
1996), test of purchasing power parity hypothesis (Pedroni, 1999), monetary model
and exchange rates (Oh, 1999), aggregate consumption and energy demand functions
(Pesaran et al., 1999), investment-saving correlation (Ho, 2002) and audit pricing
model (Chou & Lee, 2003). Similar applications in real estate research are limited to
commercial mortgage-backed security prices (Ong & Maxam, 1997), house price
fluctuations (Hort, 1998), long-run initial yield for offices (Ong, Lim, Yu, & Knor,
2002) and commercial rent modeling (Hendershott, MacGregor, & White, 2002).

Sample and Data Characteristics

Our research sample consists of real estate companies that are publicly traded in the
stock markets of Asian-Pacific countries (Australia, Hong Kong, Japan, Singapore,

2 Examples of panel unit root methods include Im, Pesaran, and Shin (1997); Levin and Lin
(1993); Levin, Lin, and Chu (2002); Maddala and Wu (1999); and Quah (1994).
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Indonesia, Malaysia, Philippines and Thailand).3 The choice of this Asian-Pacific
sample further enhances the contribution of this paper since these markets have been
investigated less thoroughly in the past and is thus of significant interest to the world
investors and policy makers. Overall, real estate is an important asset in these
economies and it also plays a very crucial role in individuals_ investment portfolio.
Compared with the real estate markets in the US and the UK, real estate values in
many Asian-Pacific countries are relatively high. Nevertheless, these markets are,
though located in the same region, in different stages of development as revealed by
some key macroeconomic and stock market indicators reported in Table 1. Japan is a
significantly developed economy in Asia and also a world industrialized economy.
Other markets like Hong Kong, Malaysia and Singapore are major economic forces in
the region. There has been a long history of Japanese real estate companies. Australian
securitized real estate sector is a leading player in global real estate. Similarly, Hong
Kong and Singapore have track record of listed real estate companies that play a
relative important role in the general stock indexes. Other Asian real estate markets
(i.e., Indonesia, Philippines and Thailand) are classified as emerging and need to take a
longer time to develop their institutional settings. Finally, REITs have been
successfully introduced in Japan and Singapore; HK will likely to have its first REIT
introduced in 2004–2005. With bullish sentiment about real estate investment
opportunities in Asia, our study reinforces the increase potential importance of Asian
listed real estate in investment portfolios for both local and international investors.

Using Datastream, we first obtained 309 real estate companies that had the full-
period NAV and stock price (P) data from 1995 1Q to 2003 Q4 (i.e., 36 quarterly
observations), the longest period for which NAV data were available from
Datastream.4 This period of 1995 to 2003 covers the boom and bust phases of the
most recent real estate market cycle in Asia. Hence any potential bias due to the
specific time period should be minimal. A further point to note is that our sample is
not a clean Breal estate investment^ sample as Datastream also included real estate
developers and related companies who would normally valued on an earnings basis
not in relation to their NAV. To the best of our knowledge, many Asian-Pacific real
estate firms are a combination of investment and development. Whilst we tried our
best to check that the sample only included firms that were primarily investment
companies, this is definitely one possible source of error in our data and analysis
and interpretation of the results should be viewed with this data problem in mind.5

Next, only 248 real estate companies passed the Augmented Dickey-Fuller (ADF)
test of I(1).6 The final number of real estate companies derived for each market
was thus: 14 (Australia), 36 (HK), 7 (Indonesia), 108 (Japan), 36 (Malaysia), 20
(Philippines), 16 (Singapore) and 11 (Thailand). A quarterly database was created for

3 Two other Pacific Rim markets, China and New Zealand are excluded from this study because
the NAV series are not publicly available from the Datastream.
4 In Datastream, the starting date of NAV data for many real estate firms is January 2005.
5 We are very grateful to one anonymous reviewer for raising this issue. We sincerely hope that

our responses are acceptable.
6 Stationarity refers to a case where a time series has a constant mean and constant variance. On

the contrary, if a series must be differenced once before becoming stationary, then it contains one
unit root and is said to be integrated of order 1, denoted as I(1). One important property of I (1)
variables is that linear combinations of these variables can be I (0), that is, stationary. If this is so
then these variables are said to be cointegrated. We employ the ADF test and only those real
estate companies that are I (1) in their NAV and stock price series are retained for subsequent
panel investigations.
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the 248 real estate firms as well as one averaged series for P and NAV of all markets.
The variable NAV was defined by Datastream as the book value of tangible assets
per share calculated by dividing shareholders_ equity less intangible assets and
preference capital by the number of ordinary shares. Barkham and Ward (1999)
argue that property companies_ NAV, derived from contemporaneous estimates of
the market value of property assets, provide acceptable proxies for true NAVs. This is
because UK property companies have their investment properties appraised annually
by independent professional valuers. Moreover, the use of tangible (balance sheet)
value as a proxy for the appraised NAV can be justified in the context of the local
institutional accounting framework that is broadly based on historical cost convention
modified by revaluation of fixed assets and investment properties. Specifically, the
Asian-Pacific real estate markets included this study, as in the UK and the Netherlands,
do not have a strict historical cost system but one in which assets may be revalued. As
such, real estate companies in these countries use a mixture of historical cost and
current value accounting, showing most fixed assets at costs but revaluing investment
properties. However it is a normal business policy for real estate companies to revalue
their properties annually and carry them at market valuation as a larger part of the
return to investors is created by the appreciation of real estate values. Consequently,
bearing in mind that our Datastream NAV estimates are the only available published
data for real estate stocks across the eight Asian-Pacific markets and issues of revalua-
tion and accounting treatment, the published NAV metrics are public information
available to all investors and provide acceptable proxies for the Bcurrent market value^
of the tangible assets per share or Btrue^ NAV. Whilst the NAV definition might be
driving some of the results, any systematic bias should be smoothed out and should not
affect significantly the results since the individual NAVs are analyzed cross-section-
ally across a reasonably homogenous sample of Asian-Pacific real estate stocks.7,8

7 Again, we are very grateful to the same reviewer (see note 5 above) in raising this concern. We
sincerely hope that our responses are acceptable.
8 Arising from the NAV definition adopted in this paper, another reviewer pointed out that the premium
/discount to NAV and the premium/ discount to book value were different concepts. He suggested an

equation to state that the current price of the stock should equal the current book value (BV) of the firm
plus the present value of future earnings. Hence, the premium or discount relative to BV must be equal to
the present value of the company_s future economic profit. Three related questions were raised: (a) What
accounts for the long-run discount puzzle with respect to HK/Japan/Singapore real estate companies
which hold large amounts of vacant land because of extremely high land value? Our humble responses
are that real estate company discount (similar to closed-end funds) is a puzzle. There are many potential
factors (other than land holdings) to expect real estate company premiums/ discounts (see Barkham &
Ward, 1999). These include tax, management quality, gearing, company risk, size, insider ownership,
investor sentiment etc. Moreover, land values in these countries (for example, in Singapore) were
affected downward after the Asian financial crisis and economic slowdown. Finally, other factors such as
market expectation and the flow of funds also influence the pricing of real estate stocks. Specifically,
investments in Asian real estate stocks were less attractive over the last few years due to excess market
volatility and downward price pressure; (b) Which would occur if the present value of the company_s
future economic profit is negative? Is the story simply that managers of real estate companies in the long-
run destroy value? Our humble responses are that the true economic performance of real estate
investment and development companies tend to be understated (using economic-value added or
market-value added) in the longer term (see Ooi & Liow, 2002)—hence accounts for negative future
abnormal earnings /NAV discounts. On the other hand, managers of real estate companies can help
create value (thereby reducing discounts) by enhancing the competitive advantages of their real estate
holdings. However, it is beyond the scope of this study to test the estimation results with future
abnormal earnings data of the companies. (c) We agree with the reviewer_s viewpoint that there is a
relation between changes in the NAV discounts and changes in firm risk (systematic and unsystematic).
Finally, we wish to thank the reviewer for his comments and hope that our responses are acceptable.
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Table 2 provides the yearly mean, maximum and minimum values of market
capitalization (MV), net asset value (NAV) and price–earnings ratio (P/E) for the
eight securitized real estate markets over the full period. As can be seen, the range
of MV is between US$159.6 million (Malaysia) and US$1521.3 million (Hong
Kong). In addition, Hong Kong real estate firms also top the NAV criterion with an
average of US$1629.4 (in thousands) over the 9-year period. Finally, real estate
firms in Malaysia and Indonesia report the highest and lowest average P/E ratings
of 161.11 and 11.17 respectively over the study period.

Behavior of Net Asset Value Discounts/Premiums (NAVDISCs)

Table 3 reports on the average quarterly performance of the NAVDISCs and price–
NAV (P/NAV) ratios for the eight markets. Figure 1 displays the time series
changes of the two variables over 1995–2003. NAVDISC is defined as NAV per
share less share price, expressed as a percentage of NAV per share. Hence
NAVDISC can be positive (discount) or negative (premium).

Whilst the average quarterly performance of the Hong Kong securitized real estate
market trades at a 32.1% NAV Bdiscount^ over the last nine years (36 quarters), the
remaining seven markets report a quarterly NAV BpremiumB of between 2.2%
(Singapore) and 970.8% (Thailand) over the same period. Further analyses reveal that
the high average NAVDISC values for Thailand, Indonesia and (to a lesser extent)
Philippines should be viewed with caution as some real estate companies in these
markets have reported excessive stock market volatility during and after the Asian
financial crisis. There are considerable variations over time and across companies in the
NAVDISC performance. Except for three markets (Australia, Japan, and Thailand)
whose real estate stocks trade consistently at a Bpremium^ to their underlying NAVs,
real estate stocks in Singapore, Philippines and Hong Kong are struck by a NAV
Bdiscount^ in 23, 24 and 35 quarters respectively. In term of NAVDISC volatility as
measured by its standard deviation, Thailand is the most volatile market and is followed
by Indonesia, Malaysia and Philippines; with Singapore and Hong Kong have the least
fluctuations in their NAVDISC performance. The corresponding P/NAV ratios are also
reported in the same Table. Additionally, Table 4 reveals about 52.6% of the real estate
firms trade mostly or consistently at a NAV Bdiscount^, another 30.6% of the real estate
firms trade mostly or consistently at a NAV Bpremium^, with the remaining 18.2% of
the firms_ shares fluctuate between both a Bpremium^ as well as a Bdiscount^ to their
NAVs. Our results are closely in agreement with the literature on closed-end fund prices
that fluctuate considerably from NAV. The real estate stock premiums or discounts
might represent a form of investor sentiment for Asian securitized real estate especially
during the Asian financial crisis period where the various stock markets have experi-
enced structural changes in their risk–return tradeoff. However, as in the case of closed-
end funds or REITs, there are many potential reasons for real estate stock premiums
or discounts; or why discounts should move to premiums or vice versa. Moreover it
is much more difficult to account for the time variations in discounts and premiums.9

9 For examples, Lee et al. (1991) claim that discounts on closed-end funds reflect (individual)
investor sentiment. Clayton and MacKinnon (2003) argue that the average premiums or discounts
represent a form of investor sentiments for REITs. Barkham and Ward (1999) find some support
for UK property company discounts result from the interaction of noise traders and rational
investors. Finally, it is beyond the scope of this research to explore the possible reasons as to why
an average discount/premium was found for the individual markets.
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Research Methodology

To establish whether a long-run contemporaneous relation exists between real
estate companies_ P and NAV, we appeal to the concept of cointegration. Specif-
ically, if there is an equilibrium relation exists between P and NAV, then these values
should not drift two far apart, and their difference, or the disequilibrium error, should
fluctuate around their mean values. This long-term relation is essentially the
NAVDISC and the measurement of this relationship is referred to as cointegration.
Moreover, the existence of cointegration allows the development of an error-corre-
lation model that describes the systematic disequilibrium adjustment process in the
short run. However, instead of examining the relation between P and NAV for indi-
vidual real estate firms which has only 36 time series observations, panel cointegra-
tion test is run for all firms in each market separately (i.e., 8 Bmarket^ panels) as well
as for all firms in one (Asian-Pacific) panel. This panel approach provides more
powerful tests and estimates and permits us to increase the information available
coming from the cross section of real estate firms. This is because the panel
cointegration approach permits information embedded in the individual error terms
from all panel members to be aggregated and tested as compared to the traditional
cointegration approach where error terms for each member are tested one at a time.
Furthermore, the use of panel unit root tests is particularly useful in analyzing
industry-level and cross-market data (Levin et al., 2002).

The cointegration analysis of panel data consists of three steps: First, with pooled
data, we test for a panel unit root rather than performing the conventional unit root
tests. The test statistics proposed by Levin et al. (2002) and Im, Perasan, & Shin,
(1997) are employed to test the null hypothesis of a panel unit root in the data.
Second, we test for cointegration in panel data employing Pedroni_s heterogeneous
panel cointegration statistics (1995, 1999). Finally, dynamic ECM panel data models
are estimated for short-run coefficients and the adjustments to long-run relationship

Table 3 Average quarterly performance of net asset value discounts/premiums and price-NAV
ratios of Asian-Pacific real estate companies: 1995Q1 to 2003Q4

Net asset value

discounts/premiums

(%)a

No. of quarters with

NAV premium [%]

No. of quarters with

NAV discount [%]

Price-NAV

ratio

Mean Standard

deviation

AUS j99.43 56.13 36 [100] 0 [0] 1.994

HK 32.10 17.28 1 [3] 35 [97] 0.679

IND j632.02 579.27 34 [94] 2 [6] 7.320

JP j54.36 43.70 36 [100] 0 [0] 1.544

MAL j121.85 189.17 23 [64] 13 [36] 2.219

PHI j41.76 132.59 12 [33] 24 [67] 1.418

SIN j2.24 44.49 13 [36] 23 [64] 1.022

THAI j970.79 720.54 36 [100] 0 [0] 10.708

a Net asset value discount/premium=(NAVjprice) / NAV

j Premium, + discount
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Fig. 1 Average NAVDISC, P and NAV performance. NAVDISC net asset value discount, P stock
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by jointly employing the Pooled Mean Group (PMG) (Pesaran et al., 1999) and
Mean Group (MG) estimators (Pesaran & Smith, 1995). The readers are referred to
the cited papers for further details and discussions of the various panel procedures.
Here we only provide a brief review as follows.

The Panel Unit Root Tests

To provide consistent and convincing evidence, panel unit root test methods
developed by Levin et al. (2002)10 and Im et al. (1997) are applied to test the
stationary property of P and NAV time series for a unit root for all real estate
firms pooled in the respective Bmarket^ panels.

Levin-Lin-Chu Panel Unit Root Test

For a sample of N companies observed over T periods, the LLC panel based unit
root test is a pooled ADF test represented by Eq. 2

Dyit ¼ bi þ qt þ diyi;t�1 þ ai;j

Xpi

j¼1

Dyi;t�j þ "it ð2Þ

i ¼ 1; 2; ::;N ; t ¼ 1; 2; :::;T

where the two-way fixed effects (bi and qt) are allowed. bi is the individual-specific
intercept and qt is the time trends to allow for the effect of common time-specific
components shared across individual firms in the panel. The LLC panel-based unit
procedures test the null hypothesis that each individual series is I(1), or H0 : di=0
for all i, versus the alternative that all the series considered as a panel are
stationary, or H1 : di ¼ d < 0. It assumes that the individual processes are cross-
sectionally independent. Given this assumption, the pooled OLS estimate of d will
have a standard normal distribution under the null hypothesis.

Table 4 Analysis of quarterly NAV discount/premium of Asian-Pacific real estate companies:
1995Q1 to 2003Q4

Number of real estate companies

AUS HK IND JP MAL PHI SIN THAI

Consistently at NAV discount 1 19 0 2 0 1 4 0

Consistently at NAV premium 5 0 1 18 0 1 1 5

Mostly at NAV premium 4 3 4 20 9 1 1 3

Mostly at NAV discount 0 12 2 40 20 15 9 2

Fluctuating between NAV

discount and premium

4 2 0 28 7 2 1 1

10 It is a revised version of the earlier work of Levin and Lin (1993).
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Im-Pesaran-Shin Panel Unit Root Test

The IPS unit root test is based on the average of ADF statistics across the panel.
Given Eq. 2, the IPS evaluates the null hypothesis that all series in the panel are
non-stationary process:

H0 : di ¼ 0 for all i

against the alternative hypothesis that some of the series are stationary:

H1 : di < 0; i ¼ 1; :::;N1; di ¼ 0; i ¼ N1 þ 1; N1 þ 2; :::;N:

The null hypothesis is tested with a t-bar statistic, which is constructed from the
average ADF t-statistics. The group-mean t-bar statistic is computed as:

tN;T ¼ N�1
XN

i¼1

ti;T pið Þ ð3Þ

where ti,T ( pi) is the individual t statistic for firm i with different lag length pi.

Panel Cointegration Test

We use cointegration tests for a panel of real estate firms in individual markets
instead of a time series approach. This method provides more powerful test estimates
and allows us to increase the information available coming from the cross sections.
Specifically, we appeal to the concept of panel cointegration proposed by Pedroni
(1995) whereby each real estate firm is regarded as a member in a N�T panels,
where T is the total number of quarters and N is the total number of real estate
stocks in each Bmarket^ panel. Additionally, the tests proposed in Pedroni (1999)
allow for the heterogeneity among individual members of the panel, including
heterogeneity in both the long-run cointegrating vectors and varying dynamics. In
its most general form, the hypothesized cointegrating regression is:

Yi;t ¼ ai þ qit þ gt þ b1iX1i;t þ b2iX2i;t þ :::þ bmiXmi;t þ "i;t ð4Þ

for t ¼ 1; :::;T; i ¼ 1; :::;N; m ¼ 1; :::;M

where T refers to the number of observations over time, N refers to the number of
individual members in the panel, and M refers to the number of independent
variables. ai is the member-specific intercept, or fixed effects parameter, which is
permitted to change across individual members. The deterministic time trends are
captured by the term qit, though it may be omitted depending on the specific
applications considered. The parameter gt allows for the possibility of common
effects that are shared across individual members of the panel in any given period,
which is comparable to the inclusion of time dummies. The main feature is that
the slope coefficients b1I, b2I,...bmi are allowed to vary among individual members.

Pedroni (1999) constructs seven statistics to test the null hypothesis of no
cointegration. Of the seven tests, four are based on pooling along the within-
dimension, and the remaining three are based on pooling along the between-
dimension. The within-dimension statistics (also referred to as panel cointegration
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statistics) pool the autoregressive coefficients across different members for the
unit root tests on the estimated residuals while the between-dimension statistics
(also called group mean panel cointegration statistics) are based on estimators that
simply average the individually estimated coefficients for each member N.

Table 5 presents the seven statistics. Both the within- and between-dimensions
present the panel version of the Phillips and Perron rho and t-statistics, as well as an
ADF t test. The seventh test is a non-parametric variance ratio test only available in
the panel cointegration statistics. Following an appropriate standardization, the
statistics converge asymptotically to normal distributions with zero means but
scaled variances that depend on the large sample properties of the test statistics
(Pedroni, 1995). Furthermore, under the alternative hypothesis, the panel variance
ratio converges to positive infinity and hence the right tail of the normal distribution
is used to reject the null hypothesis of no panel cointegration within the data set. On
the contrary, the other six test statistics rely on the left tail (large negative values)
of the normal distribution to reject the null hypothesis of no panel cointegration
within the sample.

Table 5 Pedroni_s (1995) panel cointegration statistics

1. Panel variance ratio statistic Z^nN;T
¼ T2N3=2

PN

i¼1

PT

t¼1

^
L�2

11i"̂
2
i;t�1

� ��1

2. Panel PP rho statistics Z
erN;T�1

¼ T
ffiffiffiffi
N
p PN

i¼1

PT

t¼1

^
L�2

11i "̂
2
i;t�1

� ��1PN

i¼1

PT

i¼1

^
L�2

11i "̂i;t�1A
��
"̂i;t �

^
"
��

i

� �

3. Panel PP t statistics ZtN;T ¼ eoo2
N;T

PN

i¼1

PT

t¼1

^
L�2

11i "̂
2
i;t�1

� ��1=2PN

i¼1

PT

i¼1

^
L�2
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"̂i;t �
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"
��

i
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4. Panel ADF t statistics Z*
tN;T
¼ ess*2

N;T

PN

i¼1

PT

t¼1

^
L�2

11i "̂
*2
i;t�1

� ��1=2PN

i¼1

PT

i¼1

^
L�2

11i "̂*i;t�1A
��
"̂*i;t

� �

5. Group PP rho statistics eZZ
erN;T�1

¼ TN�1=2
PN

i¼1

PT

t¼1

"̂2
i;t�1

� ��1PT
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6. Group PP t statistics eZZtN;T ¼ N�1=2
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ô2
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7. Group ADF t statistics eZZ*
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¼ N�1=2

PN

i¼1

PT

t¼1
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and where the residuals m̂i;t,m̂
*
i;t, and ĉi;t are obtained from the following regressions:ð4:13Þ

"̂i;t ¼ ’̂i "̂i;t�1 þ m̂i;t "̂i;t ¼ ’̂i "̂i;t�1 þ
PKi

k¼1

’̂i;kA
��
"̂i;t�k þ m̂*

i;t A
��

yi;t ¼
PM

m¼1

^
bmiA

��
xmi;t þ ĉi;t

#̂ ¼ #N;T � m
ffiffiffiffi
N
p� �� ffiffiffi

n
p
) N 0; 1ð Þ

where cN,T is the appropriately standardized (with respect to the dimensions N and T) form for
each of the panel/group statistics, and m and n are the expected mean and variance of the
corresponding statistics

(4.13)
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Dynamic Panel ECM Model

The existence of panel cointegration between P and NAV further allows the
development of a panel ECM model (ECM) that describes the systematic
disequilibrium adjustment process in the short run. Following the autoregressive
distributed lag (ARDL) estimation procedure of Pesaran et al. (1999), we specify a
dynamic panel data model in error correction form as shown in Eq. 5

DPi;t ¼ mi þQSþ y i Pi;t�1 � ai � biNAVi;t�1

� �
þ
Xp�1

j¼1

d1i;jDPi;t�j

þ
Xq�1

j¼0

d2i;tDNAVi;t�j þ "i;t ð5Þ

for t ¼ 1; 2; ::;T; i ¼ 1; 2; ::;N

where mi represents the fixed effect; bi represents the long-run relation between P
and NAV, y i denotes the adjustment speed to the long run equilibrium; d=(d1, d2)¶
is the vector of the short-run coefficients and QS ¼ qs1eqs2eqs3 are three
quarterly seasonal dummies. The appropriate lag lengths p and q are determined
using the Schwarz Bayesian Criterion (SBC).

We use the pooled mean group (PMG) estimator proposed by Pesaran et al.
(1999) and the mean group (MG) estimator (Pesaran & Smith, 1995) to determine
the long-run effects and the speed of adjustment to the long run of NAVISC in
the dynamic panel data model. The PMG estimator involves both pooling and
averaging. It allows the intercepts, short-run coefficients and error variances to
differ freely across groups, but constrains the long-run coefficients to be the same.
On the contrary, the mean of the estimates (MG estimator) allows researchers to
estimate separate equations for each group and examine the distribution of the
estimated coefficients across groups and produce consistent estimates of the
average of the parameters (Pesaran & Smith, 1995). In addition, the effect of
heterogeneity on the means of the coefficients can be determined by a Hausman-
type test applied to the difference between the MG and the PMG estimators
(Pesaran et al., 1999). The Hausman test statistic (h) is given by

h ¼ ^
qMG �

^
qPMG

� �0
^
V

^
qMG

� �
� ^

V
^
qPMG

� �� ��1 ^
qMG �

^
qPMG

� �
ð6Þ

where
^
V

^
qMG

� �
and

^
V

^
qPMG

� �
are consistent estimators of the variances of the

MG and PMG. Under the slope homogeneity hypothesis, the Hausman statistic is
asymptotically distributed as a c2 variate with k degrees of freedom which is equal
to the dimension of q (coefficients of the long-run relationship). However there is
no guarantee that

^
V

^
qPMG

� �
� ^

V
^
qPMG

� �
will be positive definite, and in some

case the test may not be applicable.

Results

Results of the panel unit root test, panel cointegration test and dynamic ECM
modeling are reported in Tables 6, 7, 8 and 9, with Part A of the respective tables
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contains the results for the individual markets and Part B contains the equivalents
for the regional Asian-Pacific real estate market (whole panel).

Cointegration Tests for Individual Markets

All price and NAV data series are transformed by taking the log so that the difference
in the log of the variables can be interpreted as the relative price or NAV changes.
Part A of Table 6 presents the LLC and IPS panel unit root statistics for the eight
panels. The optimal lag is ascertained by searching from a maximum lag of six
(quarterly data). Our evidence indicates that the null hypothesis of panel unit roots, i.e.,
H0 : di=0 (for all i), is not rejected at the 1% level for all P and NAV series based on
the LLC and IPS test statistics. On the contrary, the first difference in all P and NAV
series are stationary at the 1% significance. We thus conclude that both P and NAV
series have a panel unit root each for all real estate firms in the respective markets.

We proceed to test for panel cointegration in the eight heterogeneous panels. As
indicated in Part A of Table 7, all seven test statistics are statistically significant at
the 1% level for Australia, Hong Kong, Japan and Malaysia (except for Group Rho
of Japan which is significant at the 10% level). The within- and between-dimension
ADF rho, PP t and DF t are well to the left and the variance ratio is to the right.
The results for Indonesia, Thailand and Singapore are weaker. For Indonesia and
Thailand, their two ADF t statistics are statistically insignificant. Additionally, the
variance ratio for the Singapore panel is small and is statistically insignificant at any
conventional probability levels. In the case of Philippines, none of the seven tests is
able to reject the null hypothesis of no panel cointegration. In a nutshell, our panel
study favors cointegration. Except for Philippines, an equilibrium relation exists
between real estate company stock prices (P) and their net asset value (P) in other

Table 6 Results of panel unit root tests

N LLC ADF t statistic IPS ADF t-bar statistic

P NAV DP DNAV P NAV DP DNAV

Part A. Individual Asian-Pacific markets

AUS 14 0.45 0.98 j11.50a
j8.56a

j1.01 1.08 j11.22a
j10.15a

HK 36 0.34 2.34 j20.22a
j24.75a

j1.15 1.10 j23.49a
j29.96a

IND 7 j1.09 0.61 j10.53a
j9.71a

j1.25 0.28 j14.74a
j12.70a

JP 108 0.60 4.18 j33.35a
j34.82a

j1.23 3.42 j42.16a
j42.91a

MAL 36 0.86 0.32 j23.75a
j19.25a

j1.09 j0.64 j28.33a
j22.08a

PHI 20 0.42 1.97 j16.67a
j13.57a

j0.57 1.61 j20.48a
j15.99a

SIN 16 0.47 1.40 j12.24a
j11.77a

j1.19 0.34 j13.89a
j13.66a

THAI 11 j0.38 0.02 j10.97a
j10.53a

j1.15 j0.51 j12.50a
j13.40a

Part B. Asian-Pacific market as a whole (regional)

Overall 248 3.00 1.85 j38.03a
j43.73a 1.80 j1.26 j46.04a

j51.91a

The null hypothesis is there is unit root in the panel data

The critical values for the 10, 5 and 1% level are j1.29, j1.65 and j2.33 respectively

N Number of listed real estate companies pooled for each panel, LLC ADF t statistic adjusted t
statistic which follows a standard normal distribution, IPS-ADF t-bar statistic standardized group
mean t-bar statistic which follows a standard normal distribution
a Two-tailed significance at the 1% level
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seven Asian-Pacific securitized real estate markets. Consequently for each market,
there is a Blong-run^ NAVDISC of different magnitudes. Moreover, this NAVDISC
exhibits mean reversion that can be described by the systematic disequilibrium
adjustment process in the short run.

The MG and PMG results of the seven dynamic panel ECM models (Philippines
is excluded as no evidence of panel cointegration is found) are presented in Part A
of Tables 8 and 9. Specifically, the unrestricted MG estimators and restricted PMG
estimators of the long-run coefficient bi, the short-term adjustment value y i as well
as the short-run coefficients are, respectively, reported. In addition, the Hausman
test and Likelihood Ratio test results are also estimated to compare the difference
between the MG and PMG estimators.

Although there are some disparities in the magnitude of the long-run and short
term coefficients across different markets, there are four key findings. First, the MG
and PMG estimates of long-run coefficients are both positive and statistically
significant at least at the 10% level for Hong Kong, Indonesia, Japan, Malaysia,
Singapore and Thailand. The range of the long-term estimates is between 0.258 and
0.688 (MG estimates) and between 0.323 and 1.088 (PMG estimates) respectively.
The only exception is Australia where only its PMG estimate of the long-term
coefficient is statistically significant at the 10 per cent significance level. Second, all
the error-correction terms (y i) are significantly negative at least at the 10 per cent
level. The range is between j0.384 and j0.665 (MG estimates) and between j0.341

Table 7 Panel cointegration test between P and NAV

N Panel statistics Group statistics

V PP rho PP t ADF t PP rho PP t ADF t

Part A. Individual Asian-Pacific markets

AUS 14 2.62a
j3.52a

j3.32a
j3.40a

j2.48a
j3.16a

j3.38a

HK 36 4.18a
j4.54a

j4.13a
j2.38a

j2.39a
j3.35a

j2.44a

IND 7 1.67b
j2.25a

j2.30a
j1.18 j1.74b

j2.37a
j0.91

JP 108 2.74a
j3.65a

j4.74a
j3.47a

j1.58c
j4.17a

j4.25a

MAL 36 2.42a
j4.17a

j4.66a
j4.06a

j4.18a
j5.60a

j5.21a

PHI 20 j0.40 j0.23 j1.00 j0.44 0.87 j0.49 0.17

SIN 16 1.04 j2.03b
j2.38a

j0.68 j1.32c
j2.52a

j0.77

THAI 11 2.57a
j2.06b

j1.61c
j0.61 j1.78b

j1.41c
j1.03

Part B. Asian-Pacific market as a whole (regional)

Overall 248 3.52a
j5.10a

j10.09a
j10.74a

j0.24 j9.28a
j13.20a

The null hypothesis is that there is no panel cointegration between P and NAV for the respective
panels

For the panel variance ratio, the critical values for the 10, 5 and 1% levels are 1.29, 1.65 and 2.33;
for the other six statistics, the critical values are j1.29, j1.65 and j2.33 for the 10, 5 and 1%
levels respectively

N Number of listed real estate companies pooled for each panel, V non-parametric variance ratio
statistic, PP Phillips and Perron, rho non-parametric PP rho statistic, PP t non-parametric PP t
statistic, ADF t parametric ADF t statistic
a Panel cointegration test statistic rejects the null of non-cointegration at the 1% significance level
b Panel cointegration test statistic rejects the null of non-cointegration at the 5% significance level
c Panel cointegration test statistic rejects the null of non-cointegration at the 10% significance level
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and j0.660 (PMG estimates). The estimated coefficients thus imply that approxi-
mately between 34 and 66% of the previous discrepancy between the actual and
desired (long-run) NAVDISC is corrected in each quarter in the securitized real
estate markets. As the capital markets are forward looking and incorporate not only
current information but expectation in prices; whilst the private real estate market is
to some degree backward looking due to the use of comparable evidence in
valuations. This issue is important since even with contemporaneous measurement
of prices and NAVs, the two variables are effectively measuring different time
periods and hence account for any short-term divergence. Third, change in NAV,
except for Malaysia and Thailand, is a significant factor in influencing positively real
estate company stock returns. On the contrary, short-run changes in lagged NAV
have no or little effects on real estate stock returns. Finally, imposing long-run
homogeneity reduces the standard errors of the long-run coefficients, but does not
change the estimates very much. This is confirmed by the Hausman test statistics
(which is c2 (1) under the null hypothesis of no difference between the MG and
PMG estimators) of between 0.03 and 0.48 for six markets (Hong Kong, Indonesia,
Japan, Malaysia, Singapore and Thailand). Additional support is given by the
likelihood ratio test results that, except for Thailand, reject the restriction on
homogeneity of long-run coefficients at conventional significance levels.

In summary, the hypothesis of no panel cointegration between real estate
company stock prices and their NAV is rejected except for Philippines and to a
lesser extent, Australia and Thailand. Moreover, the MG and PMG tests for the
existence of a long-run relation and short-term dynamic adjustment confirm that for
the individual Asian-Pacific real estate markets, there is a Blong-run^ NAVDISC of
different magnitudes and that the speeds of returning to equilibrium (i.e., mean
reversion) are also different. 11,12 We proceed next to test for an Asian-Pacific panel
cointegration model that includes all 248 real estate companies for the eight
markets.

Overall Panel Cointegration Model

This section summarizes the estimation outcome of including all 248 Asian-Pacific real
estate companies as one panel. As can be seen from Part B of Table 6, both LLC and
IPS test statistics confirm that the P and NAV series have a panel unit root each at
the 1 per cent significance level. The panel cointegration results reported in Part B of
Table 7 show that, except for the group PP rho, the remaining four panel test
statistics (the variance ratio, PP rho, PP t and ADF t) and two group test statistics
(PP t and ADF t) are all statistically significant at the 1% level. Hence, real estate
company stock prices are cointegrated with their NAVs and this implies that there is
an average Blong-run^ NAVDISC for the aggregate Asian-Pacific real estate market
and that the NAVDISC displays mean reversion. Finally, the MG and PMG
estimates of the long-run coefficient (b), speed of error correction (y) and other
short-run coefficients appear in Tables 8 and 9. The b estimates suggest an average

11 We also run the tests for all individual real estate companies (results not presented here).
Overall, we find that about 25 to 50% of real estate firms in each market have significant long-run
and short-term coefficients of NAVDISC at the 10% significance level.
12 All seven panel models pass four diagnostic tests x2

SC (test of serial correlation), x2
FF (test of

correct function form), x2
NO (test of normality) and x2

HE (test for heteroscedasticity).
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long_run net asset value Bpremium^ (i.e., NAVDISC is negative) of up to 22%.
Also, both MG and PMG estimates of the error-correction term (y) are significant
at the 5 per cent level. As expected, the signs on the two error correction terms are
negative, indicating a reversion back to the long-term relation given a temporary
disequilibrium. The estimated y values imply that about 31% (average of MG and
PMG values) of the disequilibrium error in NAVDISC is corrected in each quarter.

Summary

In all, the statistical significance of the panel cointegration models (seven individual
and one overall) suggest that in Asian-Pacific securitized real estate markets,
NAVDISCs persist in the individual markets and that they also change over time.
Moreover, the respective NAVDISCs exhibit mean reversion since P and NAV are
cointegrated. Hence they should not drift too far apart and the disequilibrium errors
should fluctuate around the respective mean values. The existence of panel
cointegration between P and NAV further implies that changes in NAVs are
transmitted to the variations in Ps in the short-term and would be further adjusted by
an ECM to the equilibrium level. From this panel cointegration study, it thus appears
that Asian-Pacific real estate stock prices are rational with respect to their net asset
values in that prices converge back to the fundamental values of their real estate
assets in the long run. Our results also indicate that NAV is an important factor that
statistically explains the stock price variations for many Asian-Pacific real estate
markets regardless of their mean-reverting behavior in NAVDISC. At stock
selection level, the results also imply that it is possible to explain the price changes
of real estate company stocks by observing changes in their real estate asset and
portfolio values proxied by NAVs.

Conclusion

This study provides the first panel investigation of the time series behavior of real
estate company NAVDISC in eight Asian-Pacific real estate markets from 1995 to
2003. We postulate that if there is a stable NAVDISC in the long-run, then there
should be a long-run cointegrating relation between P and NAV. Since the quarterly
P and NAV time series data are limited to 36 observations but are available across a
cross section of real estate firms, we appeal to panel data cointegration econometrics
that comprises three approaches, i.e., panel unit root test, heterogeneous panel
cointegration test and dynamic panel ECM to investigate the long-run equilibrium as
well as short-term term dynamics of NAVDISC of real estate firms for all individual
markets as well as for the Asian-Pacific securitized real estate market as a whole. As
more and more Asian economies are interested in developing REIT type of
securitized real estate products, our study reinforces the increased potential
importance of Asian-Pacific securitized real estate in an investment portfolios for
both local and international investors.

We find that real estate company stock prices deviate from their NAV. All the P
and NAV series meet the panel data stationarity requirement necessary for use of
panel cointegration and panel ECM procedures. The panel cointegration test has,
except for Philippines and (to a lesser extent) Australia, accepted a long-term stable
(linear) relation between P and NAV in other Asian-Pacific markets. Further panel
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cointegration evidence detected for the entire sample strongly suggests that P and
NAV are generally cointegrated in the regional Asian-Pacific real estate market.
Moreover, the panel dynamic ECM results are supportive of the error-correction
formulation: the correction is highly significant, correctly signed and shows partial
adjustment with the coefficients being less than unity. Additionally, short-run changes
in NAVs are significant in capturing the dynamics of the changes in real estate
company stock prices. Hence NAV is an important factor in real estate company
valuation. The panel results reported in this study thus complement those of Barkham
and Ward (1999), Sing et al. (2000) and Liow (2003) who detect linear or non-linear
mean reversion relations in NAV performance divergence for UK and Singapore
real estate companies.

Although the evidence does support that Asian-Pacific real estate company stock
prices and their NAVs are cointegrated, an extension of the study to cover other
fundamental values in influencing real estate company stock prices in a multivariate
context is required to compare the strength of equilibrium relationship in the long
term as well as the speed of adjustment in the short run. Institutional investors would
then pay more attention to those stocks with stronger fundamental values. In addition
to NAV, other proxies for corporate fundamental values include earnings, dividends
and economic value added. Finally, similar panel cointegration studies can also be
extended to European securitized real estate markets that have a more developed
market structure and different risk–return profiles in order to compare and contrast
the existence and dynamics of a Blong-run^ regional NAVDISC and its systematic
disequilibrium adjustment process in the short run. This will definitely enrich the
international real estate literature with respect to the valuation and pricing of
securitized real estate vehicles in the global market.

Acknowledgment The authors are very grateful to Peter Pedroni for his panel cointegration
programs and helpful comments. Responsibility for errors and omissions remains with the authors.

Table 9 Dynamic ECM Panel Data Model [with MG and PMG Estimates]: Asian-Pacific Market
as a Whole (Regional)

N Parameters MG PMG

Overall 248 Long-run coefficient bI 1.222a (5.64) 1.205a (50.48)

Error correction yI j0.385a (j31.21) j0.241a (j28.49)

Short-run coefficients

dUP (j1) 0.111a (10.53) 0.089 a (10.15)

dUP (j2) j0.015a (j3.35) j0.015a (j3.41)

dNAV 1.230a (18.68) 1.437a (18.80)

dNAV(j1) 0.051a (3.39) 0.043a (3.53)

dNAV(j2) j0.080a (j4.84) j0.078a (j4.87)

Hausman test [p value] 0.01 [0.94]

LR test [p value] 933.210 [0.00]

The figures in brackets of the PMG and MG estimators are t statistics

The t statistics of long-run and short-term coefficients follow standard normal distributions. The
critical values for 10, 5, and 1% are j1.29, j1.65 and j2.33, respectively

LR Likelihood ratio
a Two-tailed significance at the 1% level
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