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Abstract

There is a great deal of research has focusedeolintks between real estate market returns
and macroeconomic factors such as interest ratdlgtion rates, and gross domestic
production. Though the interest and inflation rateffuences on real estate and other asset
prices had been discovered and investigated iniqureMiterature, no study has formally
addressed the effects of interest rate spread hvidielated to both interest rate and expected
inflation. This study constructed an alternatival restate pricing model based on Gordon
Growth Model and identifies the rental income, iiast rate, interest rate spread and expected
rental income growth as the fundamental drivers slyatematically affect real estate returns.
The empirical investigation is conducted in comrisneal estate sector, which is known as
the income-producing property sector. The findinfja consistently significant risk premium
on interest rate spread has vital indication far ¥ast previous literature that has examined
the real estate returns, because it suggests filbatfipdings of significant abnormal returns
that based on observed inflation rate have igntinedinvestors’ expected inflation and are
potentially biased by an omitted variables probl@ime empirical results of this study have
important contributions on asset pricing that imesl the predictability of real estate returns
based on macroeconomic factors.
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Thelnterest Rate Spread and Real Estate Returns
---- Evidence from Hong Kong

INTRODUCTION

The real estate market is an important part of bo¢hnation’s economy and the investors’
portfolios. And there is a great deal of work fdogson the relationship between real estate
market and macroeconomic events, such as the #ftiehis in interest rates, inflation rates, and
industrial production. Among those macroeconomatdes, the interest rate is the most volatile
one and thus is regarded as a vital source offdskhe asset investments. However, there’s
surprisingly little research being performed onithpact of interest rate effects on the real estate
asset pricing. Most of the existed ones are focosetthe interest rate sensitivity of the securitize
real estate return while few are investigating ¢dhemovements of real estate asset price and the
interest rate. Several pieces of work has beeintakkbout the real estate return and interest rate,
however most of them were focused on the intemst sensitivity of real estate by considering
interest rate as one of the risk factors in thetirf@attor pricing models. Among them, few of
empirical studies concerning the term structuréntérest rate, except Ling and Naranjo(1997)
and Sing(2004)'s work. However they had not exm@dinvhy the interest rate spread had
explanatory power on the price movements of rdatessset yet.

The existed asset pricing theories in finance areaCAPM and APT, are mainly for valuing
the equity which is frequently traded. The commompof both theories is the concerns of risk
factors and beta. As the transaction needs todugiént enough for estimating the beta while the
selection of risk factors is not easy, neither thés capable for the long-term holding asset, such
as the property. Contrary to CAPM and APT, the D@delel, which discounts the future income
into the present value of the asset, is more capfablpricing the long-term holding asset with
transaction cost (i.e. the real estate asset).hAsatset is held based on its income-producing
feature, the income and the cost for holding itdnee the key factor to explain the asset’s value.
For real estate asset, the income refers to thalrgrwome while the cost of capital should be
market driven, expected rate of return that theketarequires to commit capital to the property.
Through the cost of capital, the property pricedanected with the expected rate of return, which
is usually equal to the government bond yield (egerate). Thus in this paper, the interest ste i
directly related to the property price movementtiédad of being one of the macroeconomic
dynamics.

This study aims at exploring how the term structafénterest rate explains the property
price change. In Xu and Yiu(2009)'s earlier worle wonstructed a simple model to demonstrate
the property price change in the context of itscalimted future income and interest rate.
Notwithstanding its simplicity, the expected eagsrgrowth model makes it possible to explain
the relationship between real estate and capitaket®in a mathematically logical method that
provided a first view of the issues involved. Tkisidy is in some ways an application to the
model. The expected earnings growth model, based@r model and Gordon Growth Model,
for real estate asset pricing is employed in tlipgn. Thus the price of the real estate asset is
expressed by the present rental income and inteast the expected growth of future rental



incomes and interest rate spread. This paper extda existed findings of the relationship
between the term structure of interest rate andptloe of real estate asset by investigating the
investors’ expectations on both future interese rahd earnings of the real estate asset. The
empirical work is induced in Hong Kong commercigdlrestate market, which is regarded as one
of the most prosperous ones. As the multi-co-litgaf the price and rental indices movements
of the property, the regression tests are condubtedgh two steps. Firstly, we estimate the rental
changes based on office rental dynamics model fcewious literature; and then the estimated
rental movement is put into the commercial reahtesteturn model as one of the fundamental
factors.

This paper is organized into six sections. Sectigmovides the motivation and objectives of
the study. Section 2 reviews the real estate titegeon interest rate sensitivity and term struetur
Section 3 describes the conceptual framework, whighainly based on Discounted Cash Flow
(DCF) model and Gordon Growth Model (GGM). The encpl methodologies, which include
data analysis, testable hypotheses, and two-stage $quare regression models, are explained in
Section 4. The empirical results of the interestdd spread that explain the price movements of
direct real estate asset are discussed in Secti®adiion 6 concludes the paper with highlights of
the implications of the empirical findings.

LITERATURE REVIEW

Interest Rate Risk

The interest rate is volatile with both economid dmancial market movements, thus it
represents an important source of risk for thetdasestment. One of the traditional streams of
traditional interest rate research had focusedt®reffects on the inflation rate. Fisher(1930)'s
pointed the one-period nominal interest rate is ea@ilibrium real return plus the expected
inflation rate under the condition of perfect fages and well-functioning capital market. Several
studies supported Fisher’s proposition and extehsiested the relationship between interest rate
and inflation. Among them, some are focused orirthestigation of the interest rate determinants
and combine the Fisherian analysis with their motlalis confirm the relationship between
interest rate and the inflation rate posited irh€i§1930)'s research. For instance, Feldstein and
Eckstein(1970) constructed a model of interest daterminants by integrating Keynes'’s liquidity
preference theory with Fisher’s theory of inter&ith Yohe and Karnosky(1969), Sargent(1969)
and Anderson and Carlson(1970) incorporated thieeFimn distributed lag measure of expected
inflation in their work to investigate the determims of the interest rate. Yohe and Karnosky(1969)
focused on the change in expected inflation whileg8nt(1969) and Anderson and Carlson(1970)
constructed a loan-able funds model to confirm éfishviews about the interest rates. Though
different price variables were modified in diffetestudies, similar findings were concluded.

Contrary to the Fisherian view, the Gibson’s Paxagooposed that there is a positive
relationship between the nominal interest rate thedlevel of commodity prices, rather than its
rate of change (inflation rate). The propositiorsypaobably first noticed by Tooke(1844) and was
named by Keynes(1930). It was called a “Paradoxabee the absence of theoretical reason to



explain the indication found by the data and thasoes which expect there should be no
relationship between level interest rate and fdegel. Nonetheless, several explanations had been
advanced for theositive correlation. Keynes(1930) explained the relationship in thetext of

the demand of loans. By generalizing Keynes'’s engilan, Sargent(1973) empirically found that
the positive correlation of interest rate and pitceaused by the changes of the aggregate supply
and demand. Similar empirical literature had beexdpced to make the proposition replete with
empirical evidences. Harley(1977) found evidenc&iinat Britain during the period from 1873 to
1913 to confirm the positive relationship betwepteiiest rate and prices through the expected
inflation. Shiller and Siegel(1977) even claimedttithey had rejected Fisher’s hypothesis by
finding the correlation between interest rates g@nides persisting for almost a quarter of a
millennium. They related this correlation to thevgmments’ characteristic behavior during the
World War | and the unanticipated inflation. Alsgideiman and Schwartz(1982) presented
empirical evidence that interest rates can posjtiaiect the expected inflation during sub period.
During 1980s, the research on the informative festwf interest rate did not stop. Sims(1980)’s
study might be the provocation on this topic. Henfd that M1 money stock could explain 37% of
the future variance of industrial production ataizon of 48 month through VAR system. There
is another interesting findings in Sims(1980)'s kvtitat when commercial paper rate was added
to the VAR model, almost all predictive power of Ntk output wasabsorbed by the interest rate.
Litterman and Weiss(1985) gained similar resultthwBims while the commercial paper was
replaced by the Treasury bill. On one hand, boths§i980) and Litterman and Weiss(1985)
concluded that the predictive power of monetargclstovwas weaker and can be instead by the
interest rate. On the other hand, some other reseia (i.e. McCallum(1983) and Bernanke and
Blinder(1989)) argued that the interest rate might better indicator than money stock about the
future real economy, but it cannot be evidencegtirest the predictive power of monetary policy
because the interest rate is most closely assdaiath the policy.

Besides, the research of the interest rate’s sffalsb spread to the stock markets. The first
try might be Schumpeter(1912)’s work on the linkédgénveen stock market and macro-economic
variables. Then Merton(1973) not only deduced #eritemporal capital asset pricing model, but
also suggested that the market interest rates wtagsaone of the instrumental variables, which
would explain the shifts of future investment ogpoity. During the recent decades, numbers of
researchers explored further on this issue (i.endfd981), Poterba and Summers(1988),
Hamao(1988), Fama(1990), Chen(1991), MacDonaldRowler(1991), Thornton(1993), Kaneko
and Lee(1995), Cheung and Ng(1998), Darrat and ddisl999) and so on). In both Chan et
al.(1985) and Chen et al.(1986)'s investigatioe interest rate was studied as one of the
observable variables at the macro level for equitging. Sweeney and Warga(1986) empirically
found that the interest rate was priced as the pigmium of its changes in stock market,
especially significant for those firms in utilityndustries. Also Choi et al.(1992), Turtle et
al.(1994), Song(1994) and Elyasiani and Mansur(1@88cluded that interest risk is one of the
priced variable for the stocks. Not only the depeld market but also the emerging market (for
example, Mookherjee and Yu(1997) and Maysami ant(&@00) for Singapore, Kwon and
Shin(1999) for South Korea, Ibrahim(1999) for Malmy Charkravarty(2005) for India,
Saleem(2007) and lhsahal.(2007) for Pakistani) had been investigated onlith@age between
interest rate and the stock return/price. The figdiare consistent on the issue that the intexgst r
risk is priced on stock’s price, or say the interage has some impact on the stock’s return.



As one of the asset investment instruments, the estate had been investigated in the
context of the interest rate influence as well. Phevious work on this area is not large scale or
diversified. Most of them are focused primarily thie interest rate sensitivity of real estate. i th
research, the sensitivity is usually measured gy libta coefficient of the interest rate and
estimated by the regression function of ex post estate returns/prices on several explanatory
macroeconomic variables (including interest raf@). instance, Liu and Mei(1992) investigated
the predictability of the equity REIT’s return bgking interest rate as one of the sources of
time-varying risk premiums based on a multifactaeht variable model. Similar works had been
done and confirmed the hypothesis that the intestetchange was one of the risk factor for real
estate investment and the pricing of the real estsset contained the premium from its
movements. Also there are some papers focusedeoreldtionship between REIT’s return/price
and movements of interest rate. Though the previimaéngs are conflicting, the interest rate’s
impacts on REIT’s return/price are confirmed. FRastance, Chen and Tzang(1988) found that
equity REITs were not sensitive to interest ratdslavmortgage REITs are sensitive to it by
investigating a small sample of both REITs durirggigd of 1973—1979 and 1980—1985. In
Bharati and Gupta(1992)'s work, the interest rates wegarded as one of the financial market
variables to predict the future returns of mix agstock, bond, real estate) allocation model. As
the active strategy was found to outperform thesipasone, they concluded that some capital
market factors affect real estate returns. Fur@yurko and Keim(1993)'s study reveal that the
correlation between equity REITs and long-term regé rates were 0.43 during 1978—1990.
Mueller and Pauley(1995) extended the previous viegrinalyzing the movement of REIT price
during a whole interest rate cycle to clear the Hirey found that during the rising interest rate
period the relationship between REIT price andredtrate is low and negative while the prices
of both REITs and real estate behaved like bonthduhe falling interest rate period. Therefore,
the investigations on the relationship betweerrésterate and real estate prices are not consistent
yet. And the mixed previous conclusions are thevgeations for us to explore on this issue
further.

Term Structure of Interest Rate

The term structure of interest rate had been pigpgircentral role ---- both theoretically and
practically in the economy. Before the researchtesm structure, there’s a stream of studies
concerning on the duration of interest rate. Maag(11938) explored the risk exposure of interest
rate by proposing the duration as a more meanimgéalsure of life than its term to maturity first.
Similar analyses and confirmed results were ingatid by Hicks(1939) and Samuelson(1945).
Hicks(1939) found that the duration was the eléstiof the financial instrument with respect to
the discount factor. Later Samuelson(1945) redisemy that the financial institutions could profit
by the greater average disbursement time periotheh the interest rate increased.

In line with the findings that level of interestea was important for forecasting the economy,
there are a number of papers concerning the intismaontained in the term structure of the
interest about the future economy, real interdst iaflation rate and the fiscal policy. Fama(1p84
found that the forward Treasury bill rates coulddict the correct direction of short-term rates
movements through the investigation of one- torsonth T-bill rates during the period of 1959 to
1982. Mankiw and Miron(1986) used three- to six-thaiates to find consistent results and



attribute the predictive power to the forecast aelasonal pattern of the interest rates.
Hardouvelis(1988) explored this issue across sewaraetary regimes and the predictive power
of the term structure had increased significarftigraDctober 1979. Stock and Watson(1989)
compared a wide variety of possible leading inditsabf the real economy and found the term
structure of interest rates played as a vital fadio interpret the forecasting ability of term
structure of interest rate, Shiller et al.(1983)stoucted a linearized model of the term structifire
interest rates and concluded that the expectateory of term structure is acceptable with proper
measures of time-varying risk premiums to be intitl. Campbell(1987) and Chen(1991)
argued that the term premium of interest ratesftuwatasting power of the market excess return
by predicting the macro economy. Laurent(1988) eraththe relationship between the growth in
real GNP and the lags of the spread of 20-year batedto the federal funds rate without finding
significant relationship. Estrella and Hardouvdl@g1) and Hardouvelis(1994) explored the
predictive power of the term structure of intemagés on the real economy and found that the
spread had more power than the short-term inteaison forecasting the changes of future
economy. In general, the yield curve tends to perfquite well in comparisons with other leading
indicators, including the traditional leading inésxand their components, and other variables with
potential predictive power. Indicators such aslsfmices and interest rates may have similar
performance to the yield curve at some horizonsnboe seem to dominate the yield curve as a
predictor. For instance, Dueker(1997) and Dotse38)28ompared the yield curve with a few
other variables as a leading indicator of recessiand find generally supportive statistical
evidence. Stock and Watson(2003) examined a largear of competing indicators in forecasts
of output growth and find that all of them fall shof ideal properties, but that within these
limitations the term structure “comes closest” ¢hiaving those goals. During the recent decades,
the predictive power of term structure of intemasé had been understood even better. Some
important stylized facts have been captured basesweral financially coherent models. Most of
the models employed the unobserved or latent aistofs which is difficult to interpret (see Dai
and Singleton(2003) for the review of literaturetba constructions of those models). Later,
another strand of the research is concerning @nldhe connections between latent risk factors
driving the term structure dynamics and the obskmacro-economic variables (i.e. Ang and
Piazzesi(2003), Rudebusch and Wu(2003), Hordadl @003) and so on). Similar empirical
works are plenty without divaricating findings.

The relationship between stock return/price and tdren structure of interest rate also
attracted lots of attentions in the previous litera. Campbell(1987) argued that both the
prediction of excess return in the term structund atock would employ same variables by
deducing a simultaneous analysis of the returng-biils, bonds and stocks. He found the
evidence to support the predictive power of termcstire on excess returns of the US stocks.
Campbell and Viceira(2005) further argued thatltimg-horizon investors’ expected excess return
on long-term returns are correlated to each offtegy used a return dynamics model to explore
the predictability of asset returns by the commardgd return-forecasting variables including
yield spreads, interest rates, and dividend yields] then found that all the variables had
considerable effects on the portfolio allocationoag T-bills, stocks and bonds based on the
correlations they issued. Kotha&tial.(2006) investigate the term structure of interast ias one
of the discount-rate proxies and found strong exideto support correlation between the earnings
growth of stock and all proxy variables they empldy



The previous works about the forecasting ability tefm structure on the real estate
return/price are limited with mixed findings. Farstance, Chaet al.(1990) found that the term
structure has impacts on the real estate returrike idu and Mei(1992) did not find such
evidence to support that view. To clear the aingLand Naranjo(1997) concluded that the term
structure could be important during specific pesiotater the relative literature explored this
issue in the context of the integration of capitatl real estate markets. Ling and Naranjo(1999)
regressed the risk premiums and several macro-adorfactors which included growth of GNP,
CPI and the term structure of the interest ratd,fannd the significant correlation between REITs
return and the term structure so as to provideezwid of the market integration between REIT
and stock markets. However no evidence was fouonh fdirect real estate market, which is
consistent with the findings of Liet al.(1990)'s work years before. Besides REITSs, it carely
find the factors from direct real estate marketcolihis linked to the term structure of interest rate
This paper is going to explore the linkage betwaieect real estate market and the term structure
of interest rate through a simple but useful model.

THE THEORETICAL MODEL

The discounted cash flow (DCF) analysis providefamework for thinking about the
determinants of asset’s value. The DCF analysiesthat the present value of the asset equals to
the sum of all its expected future earnings. Carsig the time value of the money, DCF model
employ the discount rate to discount the futureniegs to the respective present value of the
earnings. Thus the present value of the assetearfressed as followed:

v R
P‘;(my )

WhereP refers to the present value of the asRas the future earnings of the asset at ttme
andl presents the required rate of return, which is lisvegarded as the discounted rate. Though
DCF model has rationality in considering the tirsue of the money into the valuation of the
asset, the earnings at time t is not reasonalbe @ssumed as the spot earnings at the beginning
time. Therefore Gordon(1959) constructed Gordonw@rdModel (GGM), further assuming that
the earnings are expected to grow at a constaatdating the holding period, which can be
expressed as followed:

n t
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Where g is the constant expected earnings growth of teetaghere are two important
assumptions for the construction of GGM: (1) ituasss that the asset has income with current
value of Ry and the income is expected to grow at a constdagr (2) it also assumes that the
discount rate of money remains constarnt athich is equal to the cost of capital for theetss

When estimating the price or value of certain agét concerns of the time value of money,
a practitioner may encounter a problem about hosettle that time value. In DCF model, GGM
and MGM, the time value of money is proxied by disat rate, which is also known as the cost of
capital for the asset. Looking from the angle a thvestor, the cost of capital for the asset is



equal to the return they require (or say expeothfthe asset. To the minimum level, it should be
the return of risk-free investment, which is usyatqual to the government bond vyield rate.
Therefore the time value of the money in those rsodeould be named as required return rate,
which is determined by the risk-free return rate.

As mentioned above, we can barely find a modehtakhe growth of required return rate
into accounted when estimating the price of cerdaiset. Comparing the assumptions of constant
or inconstant growth rate of asset's income, ttenge of required return rate has been ignored for
long time. However the time value of money, or g cost of capital for certain asset, changed
over time. As the required return rate is basetherrisk-free return rate, it would change with it.
In this way, the growth of required return ratedtddoe concerned as well when evaluate certain
asset.

In this study, we are focus on the research of readsset. So the first assumption is same
with GGM on the constant expected growth of asseteme; while the second assumption is
novel that the required return rate of asset issetga to grow with a constant rate. Therefore
based on GGM, the price of certain asset can lelestd with the formula as followed:

P= Ro +R0x(1+g)+ Rox(l+g)2 A 4 Rox(1+g)t—1
@+1) @+1+G)? @+ +2xG)° @+ +(t-1)xG)
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where g and G represent the expected growth of's@seome and the growth of required
return rate of asset respectively.

The formula (3) includes both the expected incom@vth and the required return of the
asset. It seems closer to practice. Based on dvismodel, with the known data series of asset'’s
price, income, require return rate and its growftie, expected growth of asset’s income can be
calculated in time-series format.

The selection of required return rate is fundamentthis model. In most valuation model, it
would be discount rate. Though the discount rateamh country can be gained from the public
statistics information from the government, it ist mpplicable for the valuations of all assets,
especially those long-lived ones. Actually, in Woetgal.(2008)’s study, the discount rate for
long-live asset is derived by examining the mix ledse tenure of land property and their
transactions. Wongt al.(2008)’s approach also implies that there is spreddch reflects the
investors’ expectations, existing in rents diffares of the varied lease tenures. However because
of the limitation of the data availability, the rhet is not applicable in this paper.

In this way, the required rate of return, also discount rate in this paper would be proxied
by the risk-free rate in the market, which is ubu#he treasury security market. Though the
variable G (the growth of the required return rasehot directly collectable from the market, it
can be calculated from the available Treasury #gcomarket data. To be more specific, from the
market, we can get the spread of the Treasuryylld between t-year and 1-year. With the
assumption of constant growth of the rate, theagpemd the growth are defined as followed:

S=|t—| 4)

G=1,-1 (5

Combining formula (4) and (5), we can get:
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Where§ represents the spread between t-year and 1-yeillryields.
By putting formula (6) into formula (3), we can get

P= R_, Rxd*g) , Ryx(+0)° +A + R x(@+g)™ (7)
@a+1) (1+I+t§[1)2 (1+I+2xt%1)3 (1+|+(t_1)xt%1)t

WhereP, Ry andg refer to the price, income and expected income trafithe asset while
and$S represent the 1-year T-bill yield and the spregitvben t-year and 1-year T-bill yield.

Given the data of transaction price and earninghefasset and the data of 1-year, t-year
T-bill yield, the expected earnings growth of asdeting the holding period df years can be
calculated. In this study, we have also done thaulsitions based on this model to find out the
relationship between real estate return and chamgesach variable clearly. The detailed
simulation procedure and results shown in the Adpe helps to observe the relationship
between real estate returns and all other variablége model clearly.

The detailed model construction process are exgdaiim Xu and Yiu(2009)'s previous work.
Based on this model, we hope to investigate howirthestors’ expectation on inflation would
affect the property price on the direct real estateket. The empirical work is induced in Hong
Kong, where the real estate market is regardeldeasrte of the most blossom ones.

EMPIRICAL METHODOLOGY

Empirical Research Design:

In the real world, the commercial real estate isallg expected to be hold for around 50
years and the interest rate spread is the differ&etween 10-year and 1-year government bond
yield rates. Thus the equation (7) should be esadas

- R [ Rx@+g) , Rx@+g® . . Rx@+g9)”" . Rx@1+9)”
@+ @+ +%)2 @+ +2><%)3 @+ +(t—1)><%)t @+ +49x%)5°
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As for the multi-co-linearity between movementspoice and rental of the office property,
the empirical study in this paper will be conducthbugh several steps. First we followed the
previous literature to model the office propertgsatal movements.

AlnRy = fo+ B> A(I —INR) + 5, xGDR + 5, AGDR + 5, xAUNE, +¢, (9)

Secondly, with the beta estimated from empiricatetivaried variables, we can further
estimate the expected property rental based ortiequQ).

In the last step, the estimated expected properttal will be put into the empirical model
based on the expected rental income growth modwledkein section 3.

AINR =a,+a,xAINR, +a,xAg, +a,xA§ +a,xAl, +&  (10)

Where INF and GDP refers to the percentage chah@®| and the General Domestic Products.



As GDP data is published only quarterly, all ottiate series are on quarter basis as well then. The
detailed variable description is shown in TableHilevthe empirical results are exhibited in Table
4&5.

Testable Hypothesis

Based on the expected rental growth model in egug®), the hypotheses of the explanatory
ability of the term structure of interest rates foe property price movements can be tested by
using least square method. To be more specificntifie(Hy) and the competing @ hypotheses

are interpreted as followed:

Ho: the property price changes are significantly related to the term structure of interest rates;

H,: the property price changes cannot be found related to the term structure of interest rates.

If the null hypothesis is not rejected, then ttsi 6f term structure of interest rates is confirrteed

be priced during the property valuation processré&tore the spread can be regarded as another
macro-level indicator of the property price.

Data

Our primary data source is the Rating and Valuabapartment (RVD) and Hong Kong
Monetary Authority (HKMA) in Hong Kong. Monthly datof both real estate and financial
market can be gained from their statistics repdre appendix provides a detailed description of
all the variables and their construction.

In our study, the expected earnings growth of pitypis derived based on the model we
constructed earlier. And the capitalization rate #ire spot return rate of property is accessed from
the RVD monthly statistics. The risk premium is thquired unlevered return on equity minus the
yield to maturity on 10-year exchange fund notddyighich can be gained from RVD and HKMA
respectively. And the risk free return rate is fifleyear exchange fund note yield, gained from
HKMA statistics. The investigation period is fromnliary 1999 to March 2009. Table 1 describes
the dependent and independent variables in thiy.stnd Table 2 shows the summary of the
statistics of the variables, including means, saamhdieviations, minimums, maxims, and serial
correlations of levels and changes for capitalimatiates, expected earnings growth, real earnings
growth, required return rate and risk-free retwate rof the property. The unit roots tests of each
series are shown in Table 3.

ANALYSISOF RESULTS

The structural equations of the empirical model estmated with least square method by
using Eviews Quantitative Micro Software Package. We this regression analysis in this paper
because the dependent variable (natural logarithmpraperty price index)’s error terms are
correlated with the one of the independent varaktatural logarithm of property rental index).
With the feedback loops in the model, the probldrihe co-movement of both property price and
rental can be resolved. The hypothesis tests ofelationship between property price change and



the time-varying explaining variables are performadthis paper. The empirical results are
exhibited in Table 4 & 5 and the interpretations as followed:

As the movement of property rental is the Endogendariables to explain the property price
change, we need to use the least square methedttthé¢ structural equations in this study. In the
equations, the GDP (both level and differencedpperty price, real interest rate and the
unemployment rate are employed as the instrumeriablas. From the empirical results
summarized in Table 4, there is evidence to confliat the term structure of interest rate can
explain the property return. The detailed informiatof the tests results are exhibited in Table 5.
The results reveal the negative relationship betvekerest rate spread and the real estate returns.
All four property sectors’ returns are confirmeddmwp 65.40%, 87.23%, 64.14% and 24.60%
respectively when the interest rate spread risesTHis is consistent with the findings in previous
literature where the spread is used to be the prbitye interest rate.

CONCLUSIONSAND IMPLICATIONS

A great deal of empirical evidences indicates thatro-economic variables including the
interest rate spread act as a proxy for systemalicfactors that are priced, ex ante, in the stock
market. Although some previous research such ag Amd Naranjo(1997) suggest that those
systematic risk factors are likely to be rewardedeal estate markets, no study has theoretically
confirmed this hypothesis.

The purpose of this paper is to find out the funelata macroeconomic drivers that
systematically influence the real estate returie flovelty lies in the theoretical model, which is
used here to find out the linkage between reates&urns and all other variables. To overcome
some of the econometric problems encountered srréfsiearch, we conduct the empirical test with
several steps. With the estimated rental index mevis, we test the relationship between real
estate returns and the macroeconomic variablesrdthestness of the study is tested by the other
three real estate sectors in Hong Kong.

The findings are consistent with previous work be telationship between real estate return
and interest rate spread. However, this study tigages and confirms the hypothesis based on a
more solid theoretical background. One of the nmagibrtant contributions of this piece of work
is to address the investors’ expectations, botlfuture inflation and asset earning changes, into
the pricing of real estate. Therefore, it is imglibat the investors’ expectations are not only the
econometric forecasts or the survey reports but s be captured by combining the asset and
capital markets. In this way, the results have g implications for dynamic asset allocation
and pricing strategies that involve the predicthbdf real estate returns based on macroeconomic
data.
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Tablesand Figures

Table 1: Data Descriptions

Table 1: Descriptions of the Variablesin the Empirical M odel

Categories Unit of measure Descriptions

Dependent Variable
P percentage return of capital change
Independent Variables

Rot percentage return of rental change

O percentage the derived expected earnings

growth of the property

Iy percentage the yield rate of one-year exchange



S

INF;

GDPR,

fund notes

percentage the yield spread between one-year
and ten-year exchange fund notes

percentage the percentage change of the CPI
composite

million HKD level data of GDP

*Remarks: the expected earnings growth of propsrterived based on the model we constructed eafliel the

capitalization rate and the spot return rate ofpprty is accessed from the RVD monthly statistiise risk

premium is the required unlevered return on equiiyus the yield to maturity on 10-year exchangedfmote
yield which can be gained from RVD and HKMA respesly. And the risk free return rate is the 10-year
exchange fund note yield, gained from HKMA statistiThe investigation period is from January 19984arch

20009.

Table 2: Descriptive Statistics Summary

variables Mean Median Maximum Minimum Std. Dev | Sum Sum Sq. Dev. Observations
LNP_IND 0.0047 0.0053 0.0547 -0.0514 0.0210 0.1918 0.0177 41
LNP_OFFA 0.0031 -0.0014 0.1151 -0.0982 0.0329 0.1259 0.0434 41
LNP_RES 0.0003 -0.0013 0.0592 -0.0504 0.0203 0.0110 0.0166 41
LNP_RET 0.0037 0.0000 0.0529 -0.0363 0.0194 0.1515 0.0150 41
LNR_IND -0.0011 0.0012 0.0455 -0.0310 0.0139 -0.0451 0.0078 41
LNR_OFFA 0.0021 0.0047 0.0365 -0.0364 0.0173 0.0845 0.0120 41
LNR_RES -0.0008 -0.0003 0.0242 -0.0635 0.0144 -0.0311 0.0083 41
LNR_RET 0.0003 0.0023 0.0142 -0.0155 0.0078 0.0138 0.0024 41
EG_IND -0.0038 -0.0040 0.0002 -0.0074 0.0023 -0.1567 0.0002 41
EG_OFFA 0.0021 0.0018 0.0058 -0.0007 0.0016 0.0848 0.0001 41
EG_RES 0.0037 0.0031 0.0056 0.0008 0.0013 0.1310 0.0001 41
EG_RET 0.0010 0.0010 0.0026 -0.0006 0.0009 0.0397 0.0000 41
SPREAD 0.0015 0.0013 0.0032 0.0002 0.0010 0.0625 0.0000 41
INT_1YEAR 0.0025 0.0022 0.0055 0.0003 0.0016 0.1039 0.0001 41
INF -0.0003 -0.0003 0.0077 -0.0070 0.0028 -0.0133 0.0003 41
GDP 346766 334627 448047 287670 40988 14217403 67200000000 41
UNE 0.0562 0.0540 0.0850 0.0330 0.0140 2.3030 0.0079 41

Table 3: the Stationality of the variables:

The stationality of each variable was tested thnoAggmented Dickey-Fuller Unit Root Test. The reswdte

shown as followed:

t-statistics p-value
level T differenced level 4 differenced
Price (office) -3.77 -8.95 0.01 0.00
Price (residential) -6.02 -9.59 0.00 0.00
Price (retail) -9.70 -9.65 0.00 0.00
Price (industrial property) -9.14 -12.57 0.00] 0.00




rent (office) -3.00 -7.30 0.04 0.00
rent (residential) -4.14 -13.70 0.00 0.00
rent (retail) -5.78 -10.49 0.00 0.00
rent (industrial property) -10.75 -12.40 0.00] 0.00
expected rental growth (office) -2.04 -10.74 0.26 .000
expected rental growth (residential) -2.12 -10.42 .230 0.00
expected rental growth (retail) -2.66 -10.05 0.08 .000
expected rental growth (industrial -0.95 -12.05 770. 0.00
interest rate (1 year) -1.38 -4.47 0.58 0.00
interest rate spread -1.54 -4.82 0.5( 0.00

Table 4: Summary of the Empirical Results of theesgion model for the Property Return Movements

expected earnings
sector Interest Rate Interest Rate Spread Spot Rental
growth
office 34.15" -25.43" -65.40” 0.90"
residential 39.76 -40.08" -87.23" 0.70"
retail 30.76" -35.43"7 -64.14" 0.88"
industrial 28.60 -18.03" -24.60" 0.73

Notes:",” ™ is significance at 10%,5% and 1% level respedivel

Table 5: the Detailed Empirical Results of the RegjoesModel for the Commercial Property Return Movetsen
1. Office

Dependent Variable: LNP_OFFA
Method: Least Squares
Sample (adjusted): 1999Q2 2009Q1
Included observations: 40 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.

C 0.000473 0.003082 0.153360 0.879(
E_R_OFFA 0.900524 0.237747 3.787745 0.000¢
D(SPREAD) -65.40196 14.87692 -4.396205 0.0001

D(EG_OFFA) 34.15376 4.305939 7.931780 0.000(

D(INT_1YEAR) -25.43315 8.776327 -2.897926 0.0064
R-squared 0.735260 Mean dependent var 0.003873
)Adjusted R-squared 0.705004S.D. dependent var 0.033291
S.E. of regression 0.018082Akaike info criterion -5.071366
Sum squared resid 0.0114435chwarz criterion -4.8602b6
Log likelihood 106.4273 Hannan-Quinn criter. -4.995035
F-statistic 24.30127 Durbin-Watson stat 1.926586
Prob(F-statistic) 0.000000




2. Residential

Dependent Variable: LNP_RES
Method: Least Squares
Sample (adjusted): 1999Q2 2009Q1
Included observations: 40 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
C -0.005399 0.002933 -1.840894 0.0741
E_R_RES 0.699175 0.246775 2.833253 0.007¢
D(SPREAD) -87.23421 19.16299 -4.552224 0.0001
D(EG_RES) 39.75542 7.280250 5.460722 0.000(
D(INT_1YEAR) -40.07696 9.489325 -4.223373 0.000%
R-squared 0.546030 Mean dependent var 0.000509
)Adjusted R-squared 0.494147S.D. dependent var 0.020544
S.E. of regression 0.014612Akaike info criterion -5.497489
Sum squared resid 0.0074735chwarz criterion -5.286379
Log likelihood 114.9498 Hannan-Quinn criter. -5.421158
F-statistic 10.52438 Durbin-Watson stat 2.232851
Prob(F-statistic) 0.000011
3. Retall

Dependent Variable: LNP_RET
Method: Least Squares
Sample (adjusted): 1999Q2 2009Q1

Included observations: 40 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.
C 0.000964 0.002367 0.407204 0.6863
E_R RET 0.881151 0.430410 2.047235 0.0487
D(SPREAD) -64.14111 13.23164 -4.847556 0.000(
D(EG_RET) 30.75942 5.352774 5.746445 0.000(
D(INT_1YEAR) -35.42706 7.855878 -4.509625 0.0001
R-squared 0.533902 Mean dependent var 0.003944
)Adjusted R-squared 0.480634S.D. dependent var 0.019543
S.E. of regression 0.014084Akaike info criterion -5.571090
Sum squared resid 0.006943chwarz criterion -5.3599B0
Log likelihood 116.4218 Hannan-Quinn criter. -5.4947159
F-statistic 10.02288 Durbin-Watson stat 2.484138

Prob(F-statistic) 0.000016




4, Industrial

Dependent Variable: LNP_IND
Method: Least Squares
Sample (adjusted): 1999Q2 2009Q1
Included observations: 40 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
C 0.001981 0.002767 0.716040 0.4787
E_R_IND 0.730419 0.375662 1.944351 0.0599
D(SPREAD) -24.60047 10.34725 -2.377489 0.023(
D(EG_IND) 28.59992 6.081512 4.702764 0.000(
D(INT_1YEAR) -18.03375 8.788106 -2.052063 0.0477
R-squared 0.519019 Mean dependent var 0.005194
)Adjusted R-squared 0.464050S.D. dependent var 0.021041
S.E. of regression 0.015404Akaike info criterion -5.391913
Sum squared resid 0.0083055chwarz criterion -5.1808p4
Log likelihood 112.8383 Hannan-Quinn criter. -5.315583
F-statistic 9.441996 Durbin-Watson stat 2.103365
Prob(F-statistic) 0.000028

Figure 1: the interest rate and the spread
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Figure 2: the co-movements of property price amgovariables:
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Figure 3: the movements of property price return
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Figure 4: the movements of property rent changes
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Figure 5: the movements of interest rate spread
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Figure 6: the movements of investors’ expectedatentome growth
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A.l. the Simulations of the Expected Earnings Growth Model for Real Estate Assets

1. Real estate returns v.s. interest rate spread

We run 6 times of the simulation with constaritiea of other variables and changing value of etterate

spread. The correlations between real estate ranardifferenced interest rate spread are shoviollasved with

scattered plot graph respectively:



Simulation 4 2nd 3 4 5 e

Correlation -0.4614 -0.5074 -0.4191 -0.5292 -0.4470 -0.4739
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2. Real estate returns v.s. interest rate
We run 6 times of the simulation with constant ealwf other variables and changing value of inteas.
The correlations between real estate return arfereifced interest rate are shown as followed watitered plot

graph respectively:

Simulation i o 3¢ 4" 5" e"
Correlation -0.5205 -0.3650 -0.4321 -0.5603 -0.5650 | -0.4887
Graph 1: ¥ simulation Graph 2™%simulation Graph 3"%simulation
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3. Real estate returns v.s. derived earnings grofutbal estate asset

We run 6 times of the simulation with constant ealwof other variables and changing value of derived
earnings growth of real estate asset. The comelsitbetween real estate return and differencedestteate are
shown as followed with scattered plot graph respelgt
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4. Real estate returns v.s. its spot rental income
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We run 6 times of the simulation with constant ealwf other variables and changing value of sputate

income of real estate asset. The correlations legtweal estate return and differenced interestameshown as

followed with scattered plot graph respectively:
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It's been at the heart of the real estate litematarexplore the rent dynamics ever since 1950 \&tenk and



Winnick(1953) modeled the residential rent charagea function of vacancy rate. Shilliegal.(1987) applied this
model to explain the office rent changes in thetéthiStates. Also both Wheaton(1987) and Wheaton and
Torto(1988) estimated the model for the aggregé#fieeoproperty market in US. For the research indpean
market, Hendershotét al.(2002) andBrounen and Jennen(2009) modeled the office rents ewamined an
international panel of cities with economic data.

In the previous theoretical research on rent dyngnthe influences are mainly divided into demand a
supply aspects. Usually the supply side is proxigdhe stock and vacancy rate while the supply sEdesually
proxied by several economic factors, including GXAndustrial production, employment rate, intenege and
inflation rate. Thus the research has become treausts with different focus dynamics. Consideringeabenomic
drivers (demand side) only, the previous findingkn@wledged that the macroeconomic factors, sucG@B
(both level and differenced), inflation rate, irgstr rate and employment rate would influence tlaé estate rent
changes (see Giussatial.(1992)). In line with the previous study on renhdynics from demand side, this paper
also estimates the rent changes with the acknowtedtacroeconomic variables.

A.3. Estimation of Rent Changes

According to the previous study, we estimate tla estate rent changes based on following equation:
AINRy = S, + B,xA(Il, = INF) + B,XGDR + B, xAGDR + B, xAUNE, +¢,  (9)

Based on the data froni' fuarter, 1999 to*iquarter 2009, we get the beta for rent changésaion as
followed in Table 6:

Table 6: Estimates of rent dynamics beta

Property sector  Constant GDP d(GDP) d(UNE) d(INT-INF)
Office -0.032842 0.000000101  -0.0000000752 -2.616805 -0.112462
Residential -0.006856 0.0000000166 -0.0000000704 -2.287231  0.933575
Retail -0.002993 0.00000000916  0.0000000674 -0.973431  -0.096567
Industrial -0.01413 0.000000038 -0.000000017 -1.365563 -0.422221

Note: estimates of rent dynamics beta are obtdyeestimating each of the property sector equatimsed
on equation (9) as followed using least square otkth

R, =5 +6.%(l,—INR)+ 5,xGDR + B, x AGDR + 5, xUNE, + ¢

Where(l-INF)) refers to the % differenced value of the real interest rg@DP; Jand( GDP; )represent the
level and ¥ differenced value of GDP and ttieNE, refers to the % differenced value of the unemployment rate.

* *x k% are 10, 5, and 1% significance levelseteroscedastic-consistent (robust-White) standacdseare
in parentheses.

With the estimated beta values, we further estimhe rent change¢Ry) without error. Thus the
multi-co-linearity between rent and price movemeras be eliminated and the newly estimated renhgbs

series are used in the empirical test for theiggiahip between property return and macroeconoautofs.



