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ABSTRACT. Price discovery of real estate investment has been getting lots of attentions
from researchers and it is generally believed that lagging errors exist in appraisal-based
returns of commercial real estate investments, in comparison to other investment instru-
ments traded in the stock market. Due to fewer transactions in the commercial real estate
market, it is reasonable to notice a difference in the handling of current market information.
By introducing two study approaches along with a test case using Singapore’s data, this paper
explores the extent of lagging in Hong Kong’s commercial (office) real estate values, in a
State Space Model with Kalman filter. The findings first suggest that whether appraisal-
based indices overstate or understate true values lies in the economy condition at the time.
Then, commercial real estate values in Hong Kong are about three months behind the stock
market property indices. Also, as indicated by the findings, data collection/selection bias may
render a de-lagged index not as efficient as it is supposed to be. This paper provides a different
perspective on price discovery and the process of de-lagging property values.

KEYWORDS: Price discovery; State Space Model; Kalman filter; Commercial Real Estate

(Office) values

1. INTRODUCTION

Real Estate is an investment option not
traded on the stock market. It has been illus-
trated in previous studies that the risk-ad-
justed return of real estate is higher than that
of other investment goods. In other words, risk
factors are priced differently on the stock mar-
ket and the private commercial real estate
market (Fu, 2002). Therefore, investment
would be less risky when real estate is included
in an investment portfolio. Also, real estate
investment is considered a good hedging tool
against inflation (Fama and Schwert, 1977,
Webb and Sirmans, 1980; Miles and McCue,
1982 & 1984; Ibbotson and Siegel, 1984; and
Brueggeman, et al., 1986).

However, there is a problem regarding the
evaluation of real estate values and its return
rates. Unlike the immense amount of informa-
tion available on investment instruments
traded on the stock market, information circu-
lating on real estate is much less. According
to Quan and Quigley (1991), costly search
would be incurred by potential buyers, given
the heterogeneity and fixity of real estate.
Moreover, trading activities in the real estate
market are decentralized and market prices
are the result of negotiations between buyers
and sellers. Those involved in the real estate
market usually rely on very limited and par-
tial knowledge to make decisions. This could
probably lead to a gap in the bargaining power
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between the buyer and the seller, affecting the
final transaction price in the process. Moreo-
ver, insufficient market information on real
estate provides difficulties for investment man-
agers to evaluate its returns accurately, in or-
der to judge whether real estate is a good
enough instrument to be included in an invest-
ment portfolio.

Singapore and Hong Kong are selected for
this study, due to two reasons. First, both of
such have been perhaps two of the most pros-
perous cities in the world, since the 1980s.
They were one-half of the famous four Little
Dragons in Asia. The economic systems of
Hong Kong and Singapore are similar, and
both are favored by foreigners to do business
with. Entrepot trade has played a crucial role
in both economies. In Singapore, under inten-
sive urban planning and rapid diversification
of the Singapore economy, specifically the rapid
growth of the financial and business services
sectors, demand for modern office space has
been robust and sustainable. It is very similar
to the situation in Hong Kong, as service-ori-
ented industries have taken over Hong Kong’s
economy in the 1990s, once the secondary in-
dustries shifted their bases to Mainland China.
This provides the backbone for office space
demand in both cities. Secondly, both Singa-
pore and Hong Kong were seriously wounded
by the Asian Financial Crisis. As a result, the
office price movements in both places were
similar.

This paper will be divided into five sections.
The first part is a literature review on ap-
praisal-based returns and the problems caused
by this method. Then, a literature review of
the attempts to eliminate the problem of lag-
ging in appraisal-based commercial real estate
returns will be presented. The third section
first introduces a single-index approach which
is then applied to a test Singapore case study.
Then, the model is trial-tested on a Hong Kong
study, as presented in the fourth section. An
alternate approach is proposed in case the first
approach is not applicable within the context
of Hong Kong. Further, a comparison is made

with respect to how data selection bias plays a
role in office price discovery and lagging. The
last section concludes and summarizes the
findings in this study.

2. LITERATURE REVIEW

2.1. Appraisal-based returns and its
problems

It is reasonable to say that professional ap-
praisals are generally referred to as a repre-
sentation of the market value of real estate
investment. The use of such appraisals aims
to reduce search and information cost. Re-
searchers, for instance, form indices on real
estate values based on appraisal value, instead
of transaction prices (Clayton, Geltner, and
Hamilton, 2001). It goes so far as such apprais-
als are used to even evaluate the performance
of investment managers, though such practice
is generally viewed as an improper way to uti-
lize the appraisals (Giliberto, 1988; Fisher and
Geltner, 2000). Due to the impact that apprais-
als may have caused, one has to wonder how
accurate these appraisal-based returns are,
compared to its “true” return values.

Numerous studies were conducted previ-
ously to investigate the plausibility of the ap-
praisal-based returns for real estate invest-
ments. The results are mostly negative, due to
the problem of lagging (or smoothing). The reli-
ance on previous prices (Ibbotson and Siegel,
1984), or previous appraisals (Ross and Zisler,
1987; Geltner, 1989) by appraisers in the esti-
mation of the current market value, are the rea-
sons contributing to the “smoothed” results.
Valuations on the stock market is more updated
than that on the real estate market, as real es-
tate prices reflect the changes in market condi-
tions slower. Fu and Ng (2001) find that about
one half of the effect of the current market news
is captured by the contemporaneous adjustment
in real estate transaction prices. Therefore, it
is possible that some of the impact of the out-
dated information is still present in the ap-
praisal values (Fisher and Geltner, 2000). Corgel
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and deRoos (1999) state that the extraordinary
risk/return relationship in appraisal-based real
estate can be deciphered as a compensation for
illiquidity and inefficient information. On the
other hand, analyses would be erroneous with-
out correcting the effect of smoothing (Geltner,
1991). Examples can be found on studies by
Brueggeman, Chen, and Thibodeau (1984);
Miles and McCue (1984); Hartzell, Hekman, and
Miles (1986, 1987); Hartzell, Shulman, and
Wurtzebach (1987).

Regarding inefficient information, Quan and
Quigley (1991) mention that smoothing in real
estate appraisals may arise from the uncer-
tainty on the relative variability of general
price, and the uncertainty on idiosyncratic
transactions. The reliance on past appraisals
would lead to “stale” valuations (Geltner and
Goetzmann, 2000) of the current estimates,
particularly when there are uncertainties re-
garding the information on real estate prices.
But sometimes this form of appraisal still ex-
ists, even when appraisers are able to obtain
new market information. It is what Clayton,
Geltner and Hamilton (2001) call a behavioural
component in value estimation. It is that ap-
praisers have the tendency to “anchor” on their
previous estimates. A study by Hamilton and
Clayton (1999) reveal that the Canadian ap-
praisers placed only 20% weight on current
information, while the remaining 80% was
based on older evidence. Also, it is found that
the lag was in average 1 year between the ap-
praisal-based values and the “true” values,
while Clayton, Geltner, and Hamilton (2001)
obtained similar results, with a 9-month ap-
praisal lag. According to Fisher and Geltner
(2000), lagging influences the NCREIF Prop-
erty Index’s (NPI) ability to provide precise
indicators of market direction and behaviours,
on a quarterly basis. The difference in the lag-
ging structure of various appraisals is deter-
mined by appraisal frequency (Corgel and
deRoos, 1999). The lag turns out to be smaller
when the values are appraised more frequently.

As a result, there are a couple of problems
when making use of the lagged appraisal re-

turns data of real estate. Spurious volatility is
one of them (Fisher and Geltner, 2000). Due
to the prominent use of past appraisals in de-
termining the estimates for real estate returns,
naturally the change (volatility) of prices would
be less than transaction-based prices. It is sup-
ported by a study from DeWit (1993), who ex-
plores that the In-house appraisals have a
smaller volatility than common stock return
volatility. Corgel and deRoos (1999) share simi-
lar conclusions as the appraisal-based return
index understates return volatility. But they
comment that the aim to inflate the return
volatility may not work because changing the
mean of returns would dis-magnify the effect
of volatility changes on allocations. Surpris-
ingly, Lai and Wang (1998) reach an opposite
conclusion that appraisal returns are more
volatile than “true” returns. But Geltner (1998)
responds by stating that their definition of
“true” returns is not that clear. So a different
result may be obtained.

Another problem along with the appraisal-
based data is seasonality. Unlike the stock
market, where prices are adjusted practically
in every minute, real estate prices are usu-
ally re-appraised once a year, mostly in the
4th quarter of a fiscal year. Even though the
prices are released once every 3 months, the
current news does not carry too much weight
on the appraisals. The lagging error appears
to be smaller in the 4" quarter when the
prices are re-appraised (Fu, 2002). With the
presence of seasonality in appraisal-based real
estate returns, Fisher and Geltner (2000)
state that the National Council of Real Es-
tate Investment Fiduciaries (NCREIF) needs
to provide accurate indicators of quarterly
market directions, but it is a bit short of do-
ing so due to the lag problems. In a sense,
they are implying that the NCREIF lacks
credibility as a representation of the market
values of commercial real estate. Fu (2002)
comments that the serial auto-correlation
would be artificially “inflated” and the corre-
lation with the returns of other investment
goods would be understated.
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The result of lags is a deviation of appraisal-
based real estate returns from its “true” re-
turns. A study by Geltner and Goetzmann
(2000) found that there was about a 10% stand-
ard error in the appraisals for NCREIF prop-
erties. Another studies by Fisher, Miles and
Webb (1999) reported that the transaction price
was about 4.6% higher than the appraised
value in the period of 1978-1985. Meanwhile,
the percentage changed to -4.5% in 1988-1992.
Then, the transaction prices were going back
up, with a 3.8% discrepancy over the appraised
value. It is also observed that the absolute
mean difference between appraised value and
the “true” value is around 9%-12.5%. Such dis-
crepancies are enough for an individual to
change his investment decision. They conclude
that the reliability of appraisals is affected by
the stability of the market which varies by
property type over time. The lagging problem
looks to be more serious in commercial real
estate, due to fewer transactions. Also, a
number of questions are arisen. The first ques-
tion is that under what circumstances does the
appraised value overstate the “true” value, or
vice versa? Then, is that possible to find a pat-
tern of that?

2.2. Ways to eliminate lags in appraisal-
based returns

As concluded by Geltner (1991), appraisal-
based returns can be useful in studying the
risk characteristics of commercial real estates,
once the smoothing problem is corrected. Simi-
lar to that, Ross and Zisler (1991) comment
that appraisal values need to be “un-smoothed”
in order to recover the total returns. There-
fore, in order to get rid of the lagging/smooth-
ing problem that causes the estimates of real
estate returns deviating from its “true” returns,
a number of methods have been used in previ-
ous studies. One of the methods is the appli-
cation of cap rate time series to real estate in-
come time series, as seen in Firstenburg, Ross,
and Zisler, 1988; Wheaton and Torto, 1989; Liu,
et al., 1990. Another method is to use the indi-

ces of real estate returns, grounded on hedonic
models of real estate’s fundamental value (see
Hoag, 1980; Miles, Cole, and Guilkey, 1990).
However, such methods are not able to tackle
the “noise” as the returns generated from ei-
ther the cap rates or hedonic models are sub-
ject to errors (Geltner, 1991).

A lagging-correction method has been uti-
lized, called Reverse Engineering. Fisher and
Geltner (2000) use this method in attempt to
de-lag the NCRELF Index. However, Corgel
and deRoos (1999) conclude that this method
produces mixed implications for optimal port-
folio allocation to real estate. In other words,
it is implied that the de-lagged returns after
using Reverse Engineering Method would ei-
ther overstate or understate the “true” returns
of real estate, thus not being able to eliminate
the uncertainties incurred in such returns es-
timations. There are a couple of defects on
Reverse Engineering (Fu, 2002). Firstly, Re-
verse Engineering is a reduced-form approach,
which does not have the capacity to identify a
dynamic lagging error structure. Then, the
problem of seasonality is not addressed. Fur-
thermore, it lacks the capacity to incorporate
observable market information beyond the in-
dex itself. Fu concludes that this de-lagged in-
dex, via Reverse Engineering, is not necessar-
ily more informative than the lagged index (the
observed index).

Another method used to take care of the
lagging problem in appraisal-based real estate
returns is called the Repeated-Measures Re-
gression (RMR). Geltner and Goetzmann
(2000) utilize this method in attempt to de-lag
the NCRELF Index. It is concluded that the
RMR Index (the de-lagged index) is a better
version of the NPI, which is more like an an-
nual index than of quarterly index. They
viewed the RMR Index as the NPI without
“stale” valuations and artificial seasonality.
Still, the downside of the RMR index is that it
still lags behind the NAREIT index by about 3
years. As REITs are being traded on the stock
market, the prices of REITs and the NAREIT
should be the most updated values of real es-
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tate. In short, though some of the problems
accompanying the lagged appraisal values are
handled, it is not as close as informative as
the stock market changes, granted the same
current market information.

The State Space Model via Kalman Filter
is introduced in Fu’s (2002) study, in order to
deal with the aforementioned problem. What
makes the State Space Model via Kalman Fil-
ter better than the above methods? It is ar-
gued that this setting has the flexibility to al-
low the lagging error to be influenced by a va-
riety of variables. That includes the latent ap-
preciation return and seasonality. Moreover, it
is, he asserts, capable of taking available mar-
ket information, which can improve the fore-
cast quality for latent appreciation return. His
test on the NARELF Index shows that its re-
turn has greater volatility, improved cross-cor-
relation with the returns of other indices af-
fected by the same market news, and less se-
rial auto-correlation returns, once the lag has
been removed. This idea is further corroborated
by Quan and Quigley (1991), saying that a full
fledged Kalman filter algorithm can be em-
ployed to make the optimal updating rule more
realistic.

However, most of the studies on the lag-
ging problems of appraisal-based returns esti-
mate focus on the data on the U.S. real estate
market (i.e. NPI). There are yet studies focus-
ing on such problems on the real estate mar-
kets in Asia. It would be worth studying the
same problems in Asia, such as Hong Kong
and Singapore, given their established eco-
nomic structures. This study intends to bridge
the knowledge gap in price discovery of com-
mercial real estates in Asian countries/cities.

3. STUDY APPROACHES AND
SINGAPORE TEST CASE

Using a case study on Singapore office price
indices as a test case, a single-index model is
constructed as the starting point of this study.
The index is called the Synthetic Land Price

Index (LPI). If the LPI is workable we then
use it in the subsequent analysis in the Hong
Kong case. If not, a more conventional multi-
variable approach is then introduced exclu-
sively for the Hong Kong study. The advan-
tage of such comparison approach is that we
may clearly distinguish which approach can
work better, or more precisely, which variables
can best explain the overall price adjustments
of office space.

3.1. Synthetic Office Land Price
Index (LPI)

In the construction of a synthetic office land
price index within the context of Singapore,
the required data set is obtained from the URA
Office Rental and Capital Value (CV) Indices
and the JLL REIS-Asia real estate market in-
dicators or variables. With the construction of
this office land price index, it serves as a meas-
ure of the rate of CV appreciation of vacant
office land in Singapore. The index can then
be compared with the price indices of built up
office assets that are maintained by URA, in
order to determine to what extent would move-
ment in the CV of office land explain the CV
movement of built-up office assets. Essentially,
the LPI is the difference between the supply
price of capital (proxied by best lending rate)
and the current rental return of an office as-
set (proxied by yield rate/capitalization rate).
Calculations of the Synthetic Office Price In-
dex are demonstrated in Table 1.

3.2. State Space Model & Kalman Filter

A State Space Model, with Kalman Filter,
is deployed to find out how the observed Of-
fice Price Index deviates from its supposed
“true” value, due to the lag structure in the
appraisal values. Kalman Filter is a recursive
algorithm for sequentially updating the 1-step-
ahead estimate of the state mean and variance,
once there is new information available
(EViews Manual, p. 561). According to Kalman
(1963), the signal value is equal to the mes-



38

E. C. M. Hui, K. H. Yu and D. K. H. Ho

Table 1. Derived Synthetic Singapore Office Land Price Index (Base Year = 1990)

Year URA URA JLL JLL JLL Office JLL Yield PLR Land LPI

Office Office Office Rental  CV Office (%) (%) Price

Rental CvV Rent Index Ccv Inflation

Index Index Index Rate (%)
1990 128.2 87 1032.00 347.47 17222.00 103.97 5.91 773 -1.82 100.00
1991 1194 87.6 902.00 303.70 16884.00 100.72 5.24 7.10 -1.86 98.14
1992 99 75 602.25 202.78 14393.67 86.89 3.61 555 -1.94 96.23
1993 86.2 84.7 423.16 142.48 14400.28 86.93 2.94 534  -240 93.92
1994 96.6 127.3 511.674 172.28 17444.52 105.31 3.55 649 294 91.17
1995 126.5 157.7 643.12 216.54 17290.56 104.38 3.69 6.28  -2.57 88.82
1996 126.5 155.1 745.46 251.00 20322.66 122.68  4.31 6.26  -1.95 87.09
1997 119.6 139 571.35 192.37 17516.50 105.74  2.81 6.96 -4.15 83.48
1998 100 100 501.78 168.95 11994.41 72.41 2.86 590 -3.04 80.94
1999 90.5 99 395.70 133.23 991943 59.88 3.30 5.80 -2.50 78.92
2000 102.2 129.3 674.39 227.07 15046.36 90.83 6.80 5.80 1.00 79.71
2001 94.2 100.1 761.09 256.26 13484.65 81.40 5.06 535  -0.29 79.47
2002 82.9 83.4 530.92 178.76 10903.34 65.82 3.94 535  -141 78.35

sage plus noise (random error term). If the er-
ror term is under Gaussian distribution, the
Kalman filter provides an estimate of the state
that is best available, which is in terms of a
minimum mean estimator (Wells, 1996).

3.3. The Singapore test study

Firstly, the variables used in the model have
to be defined. The state space model, is built
around two major variables, which are the
URA Office Capital Index (UOCV) and the Syn-
thetic Office Land Price Index (LPI), as in,

Y, = URA Office Capital Value Index at
time period ¢

= UOCV, (dependent variable)

and X, = Synthetic Office Land Price In-
dex at time period t

= LPI (independent variable)

Then, the following observation equation
and a state equation can be expressed.

Observation equation:

UOCV;y = Cy + B XLPI 1y + B, (1)
State equation:

Bty =Big-1) v )

Bawy = C3xPBo(s—1y +{Var = Exp(Cy)} (3)

where: C;, C,, C5 = fixed parameters; 3, =
disturbance term; Vi) = disturbance term at
time ¢.

The slope coefficient follows an unre-
stricted first-order autoregressive generation
process, or a lagging structure of 1 period (1
year).

The Singapore study covers the prime of-
fice sector in Singapore’s Central Business
District (CBD), utilizing the Jones Lang
LaSalle Real Estate Intelligence Service-Asia
(JLL REIS-Asia) dataset. The dataset com-
prises the prime office rents and CVs for
thirty Grade A buildings in the three main
CBD areas — the Raffles Place, Shenton Way
and the Marina Centre CBD areas. The
dataset period of some thirteen years spans
from 1990 to 2002. This paper also utilizes
the URA office rental and CV indices, the most
widely used indicators of real estate prices in
Singapore, and are obtained from the URA
Real Estate Information System (REALIS)
database.
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3.4. Empirical findings of Singapore
test study

With the assistance of the EViews software,
results obtained from the state space model
and Kalman filter for the Singapore study is
illustrated in Table 2, and Figure 1 shows the
deviation of the de-lagged UOCV from the ob-
served UOCV.

It can be observed that there is a lagging
problem of about 1 year for the UOCYV in Sin-

Table 2. Results for the OPI in Singapore

gapore. The observed UOCYV is higher than the
de-lagged UOCV most of the time. The oppo-
site happened right around the time when the
Asian Financial Crisis took place, and the most
recent two years of the studied period. In a
sense, the observed (lagged) UOCV tends to
overstate the “true” value, except when the
economy is going down.

Coefficient Std. Error z-Statistic Prob.
Cu 72.03209 382.8607 0.188142 0.8508
Co 6.232012 0.634240 9.825947 0.0000
Ca) 0.976748 0.001615 604.7464 0.0000

Final State Root MSE z-Statistic Prob.
By 2.387453 6.078636 0.392761 0.6945
B2 -171.6039 465.7338 -0.368459 0.7125
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4. THE HONG KONG STUDY

The Hong Kong study focuses on the price
discovery of Class A office only. Yearly data from
1990 to 2002 are gathered from the Census &
Statistics Department, Rating and Valuation
Department (RVD), and HSBC (best lending
rate).

The Office Price Index (OPI), conducted by
RVD, is primarily transaction-based, buit the
information for controlling quality constant is
partially valuation-based. Index construction
is based of Actual price data (price per sale-
able floor area) in the Agreement for Sale and
Purchase (ASP) of transacted properties in
each sub-sector (by property types) (Chau et
al., 2005). In short, it is possible for lags to
exist in the valuation process of OPL.

However, a trial test on Hong Kong’s OPI
indicates that LPI is somehow not a signifi-
cant indicator in explaining price index move-
ments (Table 3). Moreover, it is believed that
negative OPI figures could be generated, given
the small constant term (C,) and a large nega-
tive noise term (f,), which renders some very
questionable outcomes. Due to the use of yearly
data, one may question whether it is the data
itself, or the model, that leads to this problem.

As a result, we move to the second stage of
the methodology as a multi-variable approach
is deployed for the Hong Kong case study,
which involves some other market fundamen-
tals as well in capturing Hong Kong’s office
price adjustments. Under the same background
methodology of a State Space Model, the ob-
servation equation is as follows:

Observation equation:

OPI ) = Cy + B Xcpicomposite ;) +
B, X gdpgrowth,, + B3 X yieldrate ,, +
B X bestlendingrate,y + @)

Bs xunemployment ;) + ¢

State equations:

Biry =Big-1 tVvin (5)
Bary =Bag-1) Hug (6)
B3y =Baq—1y + 51 (7
Bacry =PBa-1) +ve) (®)
Bsry =Bsi-1 + Vo) )

Ber) = C3xBe(—1) +{Var = Exp(Cy)}  (10)

where: C;, C; and C5 = a fixed parameter/
constant term; m g, ny), Vy), Uy, and St) = dis-
turbance terms at time ¢.

The inclusion of the GDP growth rate is quite
easy to fathom. The movement of GDP is usu-
ally viewed as the general performance of an
economy. It is reasonable to say that the higher
the GDP growth rate, the better perception of
an economy. Hong Kong’s becoming of one of

Table 3. Trial test results of Hong Kong’s OPI under the one-index model

Coefficient Std. Error z-Statistic Prob.
Cu -3.14351711023 450.609753403 -0.00697614085467 0.994433890065
Co 7.21131956223 0.515930453956 13.9773093581 2.14443115793e-44
Ca 0.975927193715 0.00656068136515 148.753938714 0

Final State Root MSE z-Statistic Prob.
By 4.43274126356 7.0141919865 0.631967484221 0.527408124578
B, -263.574375912 532.608606567 -0.494874421222 0.620688767359
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the four Little Dragons in Asia was the result
of comparatively high GDP growth at the time.
Under such circumstances, investors, local or
foreign, would be more willing to spend money
on a variety of businesses which not only offer
lots of job opportunities, but also the demand
for office spaces. Then, there would have a posi-
tive effect on commercial real estate prices and
rents. That would cause a certain degree of im-
pact to the yield rates, thus the appraisal-based
price indexes. Moreover, this is the same piece
of information that the stock market would di-
gest, only more efficiently and faster. Such dis-
crepancy regarding the handling of the same
information is where the controversy concern-
ing appraisal-based index commences.

As far as the CPI growth rate is concerned,
one of the basic functions of real estate, as men-
tioned before, is to be used as a hedge against
inflation. This insinuates that a higher infla-
tion rate would likely lead to a higher demand
for real estate, either commercial or residen-
tial. Also, the effect of inflation may initiatively
give us an idea of how well real estate performs,
in terms of the yield rate. However, a high yield
rate does not necessarily make a real estate in-
vestment attractive, as the best lending rate
could escalate in inflationary periods, which in-
creases the cost of capital. The less risky sav-
ings rate would soar as well, providing a good
alternative to real estate investment.

Unemployment situation in a sense gives
decision-makers a closer look at the economic
situation in a place, aside from GDP move-
ments. An improving GDP may reflect a posi-
tive perspective about an economy, but such
improvement may not benefit the people at all.
Unemployment insinuates the loss of a stable
source of income for individuals, which would
make them more cautious on the consumption
of goods and services. This would impede the
economic development in years to come, thus
affecting the expected profit level that busi-
nesses will obtain. This would influence the
demand for office space, thus determining its
price movement.

4.1. Empirical Findings of Hong Kong
case study

Similar to the trial test under the one-in-
dex LPI model, something interesting can be
found. The results are shown in Table 4.

According to Fu (2002), if the de-lagged
price index is indeed more efficient than the
original index, greater volatility in the returns,
improved cross-correlation with the returns of
other indices, and a smaller serial-correlation
in returns should be observed. Therefore, it is
impossible to conclude anything before com-
paring the above two indexes with the more
market-efficient indices in the stock market.

Table 4. Results obtained for Hong Kong study, using the state space model with Kalman filter

Coefficient Std. Error z-Statistic Prob.
Cu 403.8533 68.59492 5.887510 0.0000
Co 5.567675 0.433702 12.83757 0.0000
Ca) 0.288099 0.010166 28.33888 0.0000

Final State Root MSE z-Statistic Prob.
By 2.062854 2.283049 0.903552 0.3662
B> -1.278292 1.377705 -0.927842 0.3535
B3 -38.36837 6.055927 -6.335673 0.0000
By -1.114006 2.975982 -0.374332 0.7082
Bs -8.230984 6.953270 -1.183757 0.2365
Bs 3.133870 16.76549 0.186924 0.8517
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In this case, we use the Hang Seng Property
Index in the same period, to find out the cross-
correlation between stock market adjustments
and office price adjustments. Actually, finan-
cial instruments like Real Estate Investment
Trust (REIT) is a closer alternative for real
estates traded in the stock market. However,
there has been no issuance of REIT in Hong
Kong until mid-2003. As a result, it is replaced
by the Hang Seng Property Index (HSPI). It is
viewed that the HSPI is more updated and
more efficient, in terms of handling current
market information, than the office price in-
dex. Data of the HSPI is collected from the
DataStream Database, and yearly averages of
the HSPI are calculated for comparison. The
results are shown in Table 5.

For some reason, the de-lagged index actu-
ally is negatively correlated with the Hang
Seng Property Index. Worse, negative pre-
dicted values are generated, which is nonsen-
sical as the dependent variable in this model
is in the form of an index, which can only be
positive. This shows that the de-lagged OPI
informs us even less about the market when
more market information is put into the model,
or we are not able to conclude that there is
any lagging problem in Hong Kong’s OPI dur-
ing 1990-2002. However, what is the reason
behind such discrepancies from the de-lagged
OPI? Does it mean there are really no lagging
problems on Hong Kong’s OPI, or is it some-
thing else that induces this unique outcome?

4.2. Findings on the lagging issues
of OPI, using quarterly data

Because of such abnormities, we look for
an alternative to find out the possible reason

behind such discrepancies. This time, quar-
terly data is used in order to explore the pos-
sible lagging problem in the office price index
in Hong Kong in the same period of 1990-
2002. An assumption is needed before further
discussions, based on the unique situations
involving yearly data, which is that the pos-
sible lag term in Hong Kong’s OPI is less than
a year. There is an advantage of using quar-
terly data over yearly data, which is the abil-
ity to locate a closer estimate of the duration
of lagging phenomenon in Hong Kong’s office
price index. Usually, two options can be found
with yearly data, either no lag or a first-or-
der lag (1 year). But by using quarterly data,
five options can be looked at, which are no
lag, 3-month, 6-month, 9-month, and 12-
month lag in the OPI. Table 6 illustrates the
results generated by the state space model
with Kalman filter, and Figure 2 shows the
movement of the predicted OPI throughout
the study period.

In Figure 2, it can be seen that there is no
negative values found in the de-lagged OPI in
the period 1990-2002, when quarterly data is
used. Though the deviations between the ob-
served OPI and the de-lagged OPI are not that
noticeable, it can be discerned that the ob-
served OPI tend to overstate the “true” value
when prices are going up, and vice versa. This
is in line with the Singapore study over the
same period of time. It is reasonable to say
that the economic condition in a particular time
frame determines the trend of appraisal-based
price index values. When different periods of
time are studied, it may induce various out-
comes. In other words, it is uncertain that
whether an appraisal-based values/returns
would either overstate or understate its “true”

Table 5. Pearson Correlation between Hang Seng Property Index (Yearly Average) and observed/de-lagged

OPI
Variables Pearson Correlations with Hang Seng Property Index
Observed OPI 0.530

De-lagged OPI -0.420
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Table 6. Results of Hong Kong study (quarterly data)

Coefficient Std. Error z-Statistic Prob.
Cay 963.3491 11714.04 0.082239 0.9345
Co 4.376352 0.160423 27.28001 0.0000
Co) 1.001496 0.020284 49.37410 0.0000

Final State Root MSE Prob.
By 1.089054 0.879948 0.2159
B2 -0.313584 0.887129 0.7237
B3 -13.78344 2.273493 0.0000
B4 -2.351217 2.625139 0.3704
Bs -9.535058 2.713477 0.0004
B -821.4843 86.70502 0.0000
Note: the result is generated under a first-order autocorrelation process, which puts a 3-month lagging problem into

consideration.

One-step-ahead OPI
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Figure 2. Actual (Observed) OPI vs. Predicted (De-lagged) OPI
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values. The main deciding item of such is the
economic trend at the time.

Furthermore, to see if the de-lagged OPI is
more informational than the observed OPI,
correlation tests are carried out, comparing the
de-lagged values (3-month, 6-month, 9-month,
and 12-month lagging patterns) to the Hang
Seng Property Index. The quarterly average
of such index is used for comparison, and the
results are shown in Table 7.

It can be observed that with the exception
of OPI(2), which is under a 6-month lagging
pattern, the remaining values have similar
Pearson correlations with the HSPI. The de-
lagged OPI(1) has a higher correlation with the
HSPI, at 0.537, than that of the observed OPI,
at 0.494. It can be concluded that the OPI in
Hong Kong has a 3-month lagging problem. It
should be noted that the reason for the rela-
tively low correlation values with HSPI (about
one-half) is that the Hang Seng Property In-
dex essentially represents companies special-
izing in both residential and commercial real
estates. Meanwhile, this study only focuses on
the price discovery of commercial real estate,
due to its relatively fewer transactions.

As expected, the lag term is within 0-12
months. However, such lag term can only be
obtained when quarterly data is utilized. The
point is that, it is possible that the impact, or
the lag term of appraisal-based values/returns
could be over-estimated during price discovery.
In the Hong Kong study, it is reasonable to say
that there does not seem to have a lagging prob-
lem in the OPI, as its correlation with HSPI is
higher than the de-lagged OPI. It looks to be

the case if the study ends there, but instead, it
is discerned in the second test that lagging prob-
lem does exist in the observed OPI, only to be
much less than a year. The lagging problem may
be not as serious as some researches tend to
inform us. In other words, part of the lagging
may be induced by not only the true lagging
phenomenon (insufficient transactions), but also
the bias in data collection. The intention of lo-
cating lagging problems is to provide a more
informational and efficient indicator of the val-
ues/returns of commercial real estate, but bias
in data collection may lead to even more mis-
leading results obtained for references.

5. CONCLUSION

The phenomenon of lagging in commercial
real estate price discovery has been investi-
gated. A study of the price dynamics of Hong
Kong’s office space, from 1990-2002, suggests
that appraisal-based office price indices tend
to overstate the “true” values when the
economy is performing well, otherwise when
the economy is encountering a downturn. It is
different from the previous studies which pro-
vide conflicting accounts of whether appraisal-
based values/returns overstate or understate
its “true” values. It appears that the determi-
nant for the above question lies in the economic
conditions of the study period. Also, compar-
ing the two study approaches, the inclusion of
more economic variables (multi-variable ap-
proach) in the Hong Kong study enhances the
efficiency of the estimated de-lagged index,
compared to a single-index approach (LPI).

Table 7. Pearson Correlation between Hang Seng Property Index and (Observed/De-lagged) OPI

Variable Correlations with Average Hang Seng Property Index
Observed OPI 0.494%*

De-lagged OPI(1) (3 months) 0.537+*%*

De-lagged OPI(2) (6 months) 0.232

De-lagged OPI(3) (9 months) 0.496%*

De-lagged OPI(4) (12 months) 0.498**

** Correlation is significant at the 0.01 level (2-tailed).
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Then, this study finds that researches fo-
cusing on discovering lagging problems of ap-
praisal-based values may not be as accurate
as they are supposed to be. The reason is that
bias in the data collection (or selection) proc-
ess may over-estimate the impact/length of lag-
ging problems. The Hong Kong study illus-
trates that there is a lagging problem of around
3 months, which in a sense cannot be detected
using yearly data.

The process of de-lagging aims at providing
a more efficient indicator for individuals’ refer-
ences regarding the leasing/purchasing of com-
mercial real estates. However, with data col-
lection bias put into consideration, such proc-
ess may not generate a more satisfactory solu-
tion of the problem of lagging than the ob-
served values. This paper has given some dif-
ferent insights on the process known as de-
lagging of appraisal-based values/returns of
commercial real estates. Much like the con-
temporary studies on price discovery, it is
hardly convincing to say that the phenomenon
of lagging does not exist at all. The concern is
towards the extent of price index lagging, which
can be varied by means of data selection and
bias. Appraisal-based price indices or returns
are lagged, but it is shown that those values
may not be as “non-trustworthy” as we are led
to believe.
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BIURU KAINU INDEKSO ATSILIKIMAS SINGAPURE IR HONKONGE

Eddie Chi Man HUI, Ka Hung YU, David Kim Hin HO

Investicijy | nekilnojamajj turta kainos mokslininkus itin domina. Daznai manoma, kad, palyginti su kitais akcijy
birzoje sitllomais investiciniais instrumentais, investicijy i komercinj nekilnojamajj turta graza vertinama klaidingai
del atsilikimo. Kadangi komercinio nekilnojamojo turto rinkoje sandoriy sudaroma maziau, verta pabrézti, kaip
skirtingai tvarkoma aktuali rinkos informacija. Pristatant du tyrimo biidus kartu su atvejo tyrimu pagal Singaptiro
duomenis, Siame darbe, remiantis biiseny erdvés modeliu ir naudojant Kalmano filtra, nagrinéjamas Honkongo
komercinio nekilnojamojo turto (biury) verciy atsilikimas. ISvados pirmiausia rodo, kad tai, ar vertinimu pagristi
indeksai padidina ar sumazina realias vertes, priklauso nuo esamy ekonominiy salygy. Be to, komercinio nekilnojamojo
turto vertés Honkonge nuo akcijy rinkoje naudojamy nuosavybés indeksy atsilicka apie tris meénesius. I$vados
rodo ir tai, kad dél SaliSko duomeny rinkimo (atrankos), neatsiliekantis indeksas gali biiti ne toks efektyvus, kaip
turéty biti. Siame darbe pateikiamas kitas kainy nustatymo biidas ir apra§omas nuosavybés vertés atsilikimo
panaikinimo procesas.



