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Listed Real Estate Markets and the Term Structure of Interest
Rates: A Cross-Country Study*

ABSTRACT:

Using a variation of the Nelson-Siegel term structure model we examine the sensitivity of real
estate securities in six key global markets to unexpected changes in the level, slop and curvature
of the yield curve. Our results confirm the time-sensitive nature of the exposure and sensitivity to
interest rates and highlight the importance of considering the entire term structure of interest
rates. One issue that is of particular of interest is that despite the 2007-9 financial crisis the
importance of unanticipated interest rate risk weakens post 2003. Although the analysis does
examine a range of markets the empirical analysis is unable to provide definitive evidence as to

whether REIT and property-company markets display heightened or reduced exposure.
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Listed Real Estate Markets and the Term Structure of Interest
Rates: A Cross-Country Study

1. Introduction

The events of the last decade have brought into sharp focus the importance of the credit
markets and how interest rates dynamics can feed through and impact asset classes such as
equities. In a general context, Bernanke & Kuttner (2005) argue that changes in interest rates can
affect stock prices in three primary ways, namely; the impact on expected future dividends,
changes in the discount rate and changes in the equity risk premium. Much of the early literature
examined the overall equity market, or if sector specific tended to concentrate on financial
institutions'. However, in recent years been an increasing number of papers that have specifically
considered and analyzed listed real estate securities such as REITs (Real Estate Investment
Trusts). The corporate structure of listed real estate firms, together with their underlying
portfolios of real assets, provides an ideal forum to consider the sensitivity of asset prices to
changes in interest rates. This is due to the multiple channels through which changes in interest

rates can impact the operating, financial and share price performance of the firms.

As a real asset, property is affected by the performance of the underlying economy.
Given the key macroeconomic role that interest rates have (Bernanke & Blinder, 1992), changes
in rates may, if of sufficient magnitude, result in direct consequences on the operating
performance and cash flows of the firms. This may arise through the impact on occupational
demand and all of the related issues that accompany this, such as rental growth, occupancy and
vacancy rates, and thus the overall income of the firms. Conceptual and theoretical work, such as
that of DiPasquale & Wheaton (1992) and Fisher (1992) illustrate the inter-linkages between

economic activity and the direct real estate market, whilst papers such as Ling & Naranjo (1997),



and numerous papers subsequently, have empirically demonstrated that interest rates may
represent a systematic risk factor for real estate. Furthermore, interest rate risk can also be
transmitted via the yields used to capitalise the income flows from the properties underlying the

firms (Lizieri and Satchell, 1997)".

There are further reasons why real estate firms may respond differently to changes in
monetary policy compared to companies in other industries. One source of interest rate exposure
lies with the high degree of debt financing generally used in the real estate market (Bredin et al.
2007). This is true not only for property companies but also for tax transparent vehicles such as
REITs. Despite their tax efficiency REITs often continue to employ substantial amounts of debt
due to being small firms, having higher costs of equity, for growth and expansion purposes and
for the opportunities debt provides to participate in large scale projects (e.g. Jaffe, 1991, Chan et
al., 2003; Ooi et al., 2010). Accordingly, due to their extensive use of debt, unexpected interest
rate fluctuations will affect the firms cost of finance and market values. In addition, the use of
leverage alters a company’s cost-of-capital and therefore can affect the future availability of
external debt facilities. Subsequent interest rate changes and the interactions between firms’
investment and financing activities may therefore be reflected in a company’s share price
(Bernanke & Gertler, 1995). Another reason for the potentially heightened exposure of real
estate stocks to interest rates is specific to the REIT sector and is concerned with the minimum
mandatory dividend payment. Given the high-yield status of REITs the impact of interest rate
fluctuations on the present value of dividends is likely to be greater in a REIT context (Bernanke

and Kuttner 2005).

Given the importance of interest rates, in both the specific context of listed real estate
securities and in the broader setting of the underlying direct real estate market, this paper

empirically address’ the sensitivity of the public real estate markets to interest rate risk and



specifically which interest rate factors are the most significant in terms of both returns and

volatility.

The study differs from the previous literature in a number of respects. Firstly, unlike
previous contributions to the literature we do not limit our analysis to consider the sensitivity to
fluctuations in a single interest rate factor. Rather, we use a dynamic version of the Nelson-
Siegel model, which captures the dynamics of the entire term structure of interest rates with three
latent factors that represent the level, slope, and curvature of the yield curve. Secondly, our study
extends previous contributions by considering the sensitivity of real estate securities to
unexpected interest rate movements. Previous studies in both the general finance and real estate
specific literature, have largely considered actual changes in interest rates. However, studies such
as Bredin et al. (2007, 2011) and Xu & Yang (2011) illustrate the importance of considering
unexpected changes when examining interest rate sensitivity. Finally, the paper extends a
predominantly U.S. focused literature to examine six key real estate security markets, namely;
Australia, Hong Kong, Japan, Singapore, the U.K. together with the U.S. These markets account
for approximately 80% of investable listed real estate in terms of market capitalization and
volume traded (Psaltis & Chubb, 2008). This sample also has the advantage that it incorporates a
mixture of regulatory structures. Two of the markets, Australia and the U.S., operate under a
REIT regime throughout the entire sample period. The remaining markets have introduced a
REIT structure during the time period considered in the study. However, the relative importance
of REITs versus conventional property companies differs. For example, in Hong Kong the
majority of firms, including the largest, have retained a corporate structure. In contrast, in the
U.K. the majority of the large cap property companies converted to REIT status when it was

introduced in 2007. It will therefore be of interest to see whether there are discernable



differences in the empirical findings across the markets. Whilst differences may not be solely

due to differences in the legal framework in place, it may play a role.

The results highlight that real estate securities are significantly exposed to interest rate
fluctuations. However, the results are sensitive on the time period examined. One particular point
of interest is that the importance of interest rate risk weakens in the most recent period, a time-
frame which includes the 2007-2009 financial crisis. The empirical results obtained also do
indicate that the differences in findings across previous papers may be in part due to the use of
single interest rate proxies and the failure to model the entire term structure of interest rates. The
remainder of the paper is structured as follows. The next section discuss some of the pertinent
literature and in doing so presents the core underlying hypotheses to be considered in the paper.
Section 3 details the data used in the empirical analysis and presents the detailed methodological
framework adopted. Section 4 reports the main empirical results and also presents a number of

robustness tests. The final section provides concluding comments and observations.

2. Related Literature

As noted in the introduction, there have been an increasing number of papers over the
course of the last decade to have examined the sensitivity of listed real estate securities to interest
rates. Although the exact methodological framework has differed across the papers there are
some commonalities in the empirical results reported. A number of papers have reported that
REITs are predominantly exposed to longer-term rates, for example Devaney (2001) finds
heightened sensitivity to 10-year government bond yields. Similar findings are also reported by
Chen and Tzang (1988) and He et al. (2003). However, He et al. (2003) emphasise that their
conclusions may be biased by the interest rate chosen. Against this background, Allen et al.
(2000) report significant sensitivity of REITs to both short and long-term government bonds, as

well as the stock market. They further argue that firms can adjust their exposure to the market by



changing financial leverage, but not the exposure to interest rates. In a similar vein, Stevenson et
al. (2007) use interest rate proxies of three maturities, the 1-month interbank rate together with
10 and 15-year government bond yields. Their analysis of U.K. property companies is conducted
for a period characterised by historically low and stable interest rates, yet the authors report
significant results for all of the interest rates used, although the coefficient on the short-term rate
is of the unexpected positive sign. These findings are consistent with Lizieri & Satchel (1997)
who estimated the response of U.K. property stocks under two distinct regimes, finding that
firms were particularly sensitive during the low interest rate period. In contrast, during the high
interest rate regime real estate stocks experienced sharp falls in value, felt to reflect increased
uncertainty. This time-varying nature of the sensitivity to interest rates is also found in a number
of studies that have adopted a GARCH (Generalised Autoregressive Conditional
Heteroskedasticity) framework to consider the impact on returns and volatility (e.g. Devaney,
2001; Stevenson et al., 2007). In addition, Liow et al. (2003) in their analysis of the Singaporean
market, identify a systematic relationship with interest rate risk but note that the pricing of that
risk is subject to market conditions.

In addition to the aforementioned studies there is also a strand of the literature that has
adopted a different methodological approach, one that comes more from an asset pricing-factor
model framework. Liang et al. (1995), for example, estimate a two-factor model that includes an
interest rate variable and the overall stock market. They observe only weak sensitivity to
government bond returns of different maturities. Studies such as Glascock et al. (2000) have
observed a reduced sensitivity of U.S. Equity REITs to government bonds during what is often
referred to as the “modern REIT era”. Based on cointegration tests the paper reports significant
common long-term trends between REITs and bond returns over the full sample horizon, a result

which does not hold for the post-1992 sub-period. In this respect papers such as Glascock et al.



(2000), Swanson et al. (2002) and Cheong et al. (2009) all argue for structural shifts in the
interest rate sensitivity of REITs at various points in time. Nonetheless, the two latter papers find
that these shifts do not affect REIT's interest rate sensitivity in general and both document the
economic significance of interest rates. It is however imperative that a distinction is made
between papers such as Glascock et al. (2000) and Cheong et al. (2009) who analyse fixed
income index data and studies such as Devaney (2001), He et al. (2003) and Stevenson et al.

(2007) that based their analysis on either market interest rates or bond yields.

While the aforementioned studies provide valuable insights into the interest rate exposure
of publically listed real estate, they also frequently provide conflicting results due to the
inconsistent choice of interest rate proxy. Not only is the rationale behind the selection of a
specific proxy often of an arbitrary nature, but previous studies suffer from the limitation that
interest rate proxies cannot be simultaneously incorporated in a single model. Furthermore,
interest rate changes of different maturities are not independent due to the policy transmission
mechanism from short to long-term rates. Papers such as Swanson et al. (2002) and He et al.
(2003) incorporate a term-spread variable into their analysis. Used as a proxy for changes in the
term structure the variable is defined as the spread between long and short term interest rates.
Whilst it does capture some elements of the yield curve, it does not necessarily reflect some
important features of the term structure that can commonly occur. In particular, such a measure
does not capture changes in the shape of the yield curve (e.g. S-type or humped shape) and other
non-parallel shifts. Diebold et al. (2005) argue that information concerning bond pricing is
concentrated in a small number of systematic risk factors, which itself implies a high correlation
between interest rates of different maturities™. A possible solution to the interest rate risk proxy

choice is found in the yield curve literature. In particular, Nelson & Siegel (1987) suggest an

exponential components model where a large range of interest rates can be described through just



three factors. In this paper, we use a dynamic version of Nelson-Siegel model, as proposed by

Diebold and Li (2006):

B 1—e 1-e ™ .
Yt(T)—ﬂlt"'ﬁZt( Az j+ﬁ3t[ At € J 1)

where Y,(7) is the yield of a zero-coupon bond, with time-to-maturity 7 at t. S, , S

, B are the three parameters which represent the level, slope and curvature of the yield curve
respectively. Finally, A represents the exponential decay rate. Based on the model
parameterisation above, the loading on the level (ﬂn) is equal to 1 and is independent of the

time-to-maturity. Taking the limit, it is easy to see that limy, () = B, and hence the yield curve
t—w

level can be seen as the long-term factor. A decrease in £, would affect all yields identically,

thereby shifting the level of the yield curve. The loading on the slope parameter [3,, is driven by

the exponential function, starting at 1 and decreasing monotonically to zero with increasing
maturity. Therefore, the slope parameter may be seen as a short-term factor, and hence an

increase in this factor would amplify short-rates more than long-term ones. In mathematical

terms, given lim y, (z) = B, + f,,. it is easy to see that Y, () =¥, (0) =—p,. The loading on the

last parameter [, (curvature) is also driven by the exponential function, which starts at zero
(with maturity 7 =0), increases for the medium-term maturities, and then decays back to zero as
maturity further increases. Accordingly, the yield curve curvature (,B3t) can be seen as the

medium term factor. The Nelson-Siegel model fits the term structure using a flexible, smooth



parametric function based on a Laguerre function. The model uses a small number of parameters
and provides enough flexibility to capture a range of monotonic, S-type and humped shapes
typically observed in yield curve data. Due to its ability to provide a good fit of the yield curve,
the model is advocated by Diebold & Li (2006), Fabozzi et al. (2005), and it is widely used by

the Central Banks'".

Since the value of any stock, including listed real estate firms, can be considered as equal
to the present value of future cash-flows, a downward shift in the term structure of interest rates,
as captured by our level factor, should lead to higher prices. We would also expect an inverse
relationship between the slope, our proxy for short-term interest rates, and prices. Consistent
with the ideas of Mishkin (1996) and Reinhart & Simin (1997), short-term rates will be heavily
influenced by Central Banks through inflation targets and the setting of prime/base rates.
Existing empirical evidence that has documented an inverse relationship with rates of maturities
ranging from 1 month to 20 years would support this premise (e.g. Chen & Tzang, 1988;
Devaney, 2001; Swanson et al., 2002; Stevenson et al., 2007). However, none of these studies
consider a range of interest rates jointly. Therefore, using the factors we extract from the

dynamic Nelson-Siegel model, we test the following hypothesis:

Hi: There is an inverse relationship between real estate security returns and the changes

in level, slope and curvature of the yield curve.

One of the key features that differentiates REITs from both property companies
specifically and stocks generally is the minimum mandatory dividend payment that is required in

most jurisdictions. As previously noted, this high yield nature would be expected to make REITs
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more sensitive to interest rates in the context of discounting future expected dividends (Bernanke
& Kuttner, 2005). Furthermore, high dividends and the coupon-like nature of the underlying
rental income have been frequently identified as key reasons why REITs are felt to share some
characteristics with fixed-income securities (e.g. Cheong et al., 2009). Given these issues we
therefore anticipate a more pronounced reaction to changes in interest rates in markets where a
REIT regime was in place throughout the sample period. Hence, we consider the following

hypothesis:

H,: REIT shareholders should receive higher compensation for the interest rate risk

exposure than both property specific and general stock market holders.

The results will allow us to consider which markets are more consistently exposed to
interest rate risk. We also can examine whether countries with established REIT market are

exposed to fluctuations in interest rates to a greater and more consistent degree.
3. Data, model design and descriptive statistics
3.1 Interest Rate Data and Transformations

As discussed in Section 2, one of the key objectives of the current paper is to examine the
relationship between the yield curve and real estate securities. Diebold & Li (2006) propose a
variation of the Nelson & Siegel (1987) parametric approach to modelling the yield curve. To
estimate our interest rate risk factors (level, slope and curvature), we obtain from Bloomberg a
series of estimated sovereign bond zero-coupon yields for twelve different maturities (3, 6, 12,
24, 36, 48, 60, 72, 84, 96, 108, 120 months). Bloomberg derives the zero-coupon yields for the

different maturities from observed bond prices by stripping the coupon bearing government notes
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and bonds using a bootstrapping approach’. Descriptive statistics are reported in Table 1. Yields
are then used as the initial estimates on the left-hand side of the Equation (1). Following Diebold
& Li (2006), Fabozzi et al. (2005) and Czaja et al. (2009), we obtain estimates for the level,
slope and curvature as follows. The identified series of zero-coupon yields are regressed on the
factor loadings and a constant using cross-sectional OLS (Ordinary Least Squares). With this
model parameterisation the factor loadings on the right-hand side are calculated assuming a
prefixed value of the decay parameter . Tam & Yu (2008) and Bianchi et al. (2009) retain the
same value of the parameter as suggested in Diebold & Li (2006), namely 0.0609, reporting that
the model satisfactorily fits the time-series for the countries they examine. A decay parameter of
0.0609 is equivalent to maximising the curvature, or medium-term factor, at 30 months. Yu &
Salyards (2009), however, illustrate using a sample of both investment-grade and speculative-
grade bonds, that the optimal value of A can vary substantially for different set of bonds. Figure 1

demonstrates how the factor loadings in the model can be affected by the choice of A.

INSERT TABLE 1 & FIGURE 1

In light of this variation we evaluate the underlying model separately for each country, in
line with the approach adopted by Yu & Salyards (2009)"'. Firstly, we estimate the model using
different values of A. Since the A parameter corresponds to the maturity at which the curvature,
or medium-term factor, is maximised, we test the medium-term maturities within the range we
have available. The model with the highest goodness-of-fit statistics is then selected. For Japan,
Singapore, the U.K. and the U.S. the best fit is found with A = 0.0374, which is equivalent to the

curvature factor being maximized at 48 months. For Hong Kong the A figure is 0.0747, which

12



corresponds to 24 months. Only in the case of Australia do we obtain a A parameter equal to that
used in the Diebold & Li (2006) paper. This not only supports the arguments of Yu & Salyards

Vi

(2009), but also justifies our decision to estimate A for each country individually™.

In Figure 2, we plot the yield curve for randomly selected dates from the U.K. sample.
The graph illustrates the ability of the model to fit different shapes of the yield curve. The best fit
is found in the ‘normal’ shape yield curve, with the R? being 0.99 and the fitted line being almost
indistinguishable from the original. A more modest fit is noticeable in humped, S-type and
inverse yield curves. Overall we find that the Nelson-Siegel model explains on average 90% for
each country in our sample, based upon the reported R? figures. However, whilst the R? does
vary for the U.K. and U.S., it remains consistently very high throughout in the case of Japan.

Figure 3 graphically displays the time-series of the three estimated parameters.

INSERT FIGURES 2 & 3

As suggested by Willner (1996) and Czaja et al. (2009) we convert the estimated factors

into their first differenced form (Air, =ir,, —ir,,) . Our study also extends previous

contributions by considering the sensitivity of real estate equities to unexpected interest rate
movements. Previous studies in the real estate literature have only considered actual interest rate
changes. This is also true in the general finance literature, where only a small number of papers

viii

have based their empirical tests on unexpected interest rate changes™.

The rationale behind the examination of unexpected changes is twofold. The first issue is
based on the fact that if actual nominal changes in rates are examined the analysis effectively

revolves around inflation expectations given that the volatility of real interest rates is relatively
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small (e.g. Fama, 1975; Nelson & Schwert, 1977). This argument is reflected in previous studies
where researchers have employed a myriad of different expectation generating processes to
extract interest rate ‘innovations’ (e.g. Bae, 1990; Madura & Zarruk, 1995). Secondly, studies in
the mainstream literature such as Bernanke & Kuttner (2005) have highlighted the importance of
adjusting for expectations when considering interest rates and monetary shocks. These findings
have also been supported in the context of both the U.S. REIT sector (Bredin et al., 2007, 2011)

and global real estate markets (Xu & Yang, 2011)

We estimate the unexpected changes in the yield curve factors using an Autoregressive
Moving Average (ARMA) model. We model the unanticipated changes in the term structure
factors as the difference between the actual changes in the respective factor at time t and the

ones forecasted via an appropriate ARMA(p,q) — model:

¢(L)iri,t = Q(L)ui,t (2)

where ir,, = (B, s B,) IS the set of Nelson-Siegel factors, #(L) and O(L) are the

polynomial lag operators:

HL)=1-4L-gL"—..—g,L° 3)

O(L)=1+6L+6,L" +...+6,L° (4)
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hence, u,, :(L,S,C)' are the unexpected changes in level, slope and curvature of the

yield curve. The use of only one expectation generating process is supported by the findings of
Bae (1990) who, using three alternative models to form expectations, finds identical results
regardless of the model employed™. The appropriate order of the autoregressive and moving

average parameters used range from 0 to 5, depending on the variables and markets considered.

One further adjustment is made to the interest rate data. In order to assess the individual

impact of each factor on returns we use an orthogonalisation procedure similar to that adopted by

Czaja et al. (2009). It recognises the level factor (Li‘t) for each country i as the primary driver of

yield curve changes, with the slope (Si't) and curvature (Ci’t) ranked second and third in

importance respectively:

Sip =@+, +§i,t (5)

Ci,t :a)2+72|-i,t+73§i,t+éi,t (6)

We therefore orthogonalise the slope factor with respect to the level, whilst also

orthogonalising the curvature with respect to both yield curve level and slope. The
orthogonalised series (Li,t1§i,t’éi,t) are then used as the exogenous variables in the empirical

framework detailed in Section 3.3.

3.2 Public Real Estate, Stock Market and Other Control Variable Data

15



Our analysis is based on six of the largest real estate equity markets in terms of market
capitalisation and trading volume, namely; Australia, Hong Kong, Japan, Singapore, the U.K.
and U.S. The sample data is weekly in frequency and covers the period January 1995 to
December 2012. The real estate security indices used are collected from the FTSE
EPRA/NAREIT database*. Apart from the U.S. and Australia, the indices used are not solely
comprised of REITs. This is especially so in the case of Hong Kong, where even after the
introduction of REIT legislation in 2003 and the listing of the first trust in 2005 (The Link
REIT), property companies remain the dominant vehicle. For the remaining countries REIT

regulations came into being in 2000 (Japan), 2002 (Singapore) and 2007 (U.K.) respectively.

As well as the date at which REITs were introduced there are also differences across the
six markets in terms of the amount of leverage REITs take on, as Figure 4 illustrates. In addition,
the specific REIT regulations vary across the six markets. Whilst the majority do have some limit
on the amount of debt a REIT can employ, there are no such restrictions in either Australia or the
U.S. However, as can be seen from Figure 4, firms in those markets have lower leverage, on
average, than in some countries with a set limit. In addition, the form of any restriction varies.
Whilst U.K. firms are restricted on a cash flow basis by a minimum Debt Service Coverage Ratio
of 1.25, in other markets limits are based on balance sheet data. For example, gearing is limited

in Singapore to a maximum of 35% of total capital*.

Throughout the analysis we employ broad equity market indices as control variables. The
indices used are the most common equity market benchmarks in each country, namely; ASX200
(Australia), Hang-Seng (Hong Kong), Nikkei 225 (Japan), Straits Times (Singapore), FTSE-100
(U.K.), and the S&P500 (U.S.). The summary statistics for the securitised real estate and equity
markets, together with the interest rate factors are reported in Table 2. Real estate stocks

delivered a better performance over the period of study, while exhibiting higher volatility. A lack
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of normality is a common feature in financial time-series and we observe it for almost every
variable of interest. In particular, most variables exhibit statistically significant skewness and

excess kurtosis, resulting in a formal rejection of the Jarque-Bera normality test.

INSERT FIGURE 4 & TABLE 2

3.3 Model Design

The methodological design we adopt in this paper is loosely based upon the GARCH
specification first adopted in the context of interest rate sensitivity by Elyasiani & Mansur (1998)

and subsequently used in REIT/real estate security specific papers such as Devaney (2001), and
Stevenson et al. (2007). Let I;; denote the return on the public real estate index of country i. The

GARCH(1,1) model can be described as follows:

i = Mo +131,i : Li,t +:Bz,i '§i,t +ﬂ3,i 'éi,t +ﬂ4,i rl’\t/l + &y (7)
&y = Liy Oy (8)
O-iz,t =3a; T 'giz,t +b1,i 'O-iz,t—l 9)

where r™ is the domestic equity index returns, L;,,$,,C;, represent the set of
unexpected Nelson-Siegel factors. z;, is a sequence of independent, identically distributed

random variables with zero mean and unit variance, implying ‘9i,t|(1)i,t—l~N(07o-i2,t) is a

17



conditionally normal heteroscedastic error term. @, is the information set available at time

t-1. B.i. B, Bs; represent the exposure of the real estate sector to interest rate risk. The

coefficients are estimated using a quasi-maximum likelihood procedure with the normal

likelihood function and robust standard errors as suggested by Bollerslev & Wooldridge (1992).

The general GARCH framework also allows us to examine the impact of exogenous
variables on the total risk of real estate securities, as measured by the conditional variance. We
therefore extend the model (7)—(9) using two alternative conditional volatility specifications with
respect to interest rate variables. The first specification uses unexpected changes in interest rates
(Glosten et al., 1993). The second uses the conditional volatility of the interest rate series

(Elyasiani & Mansur, 1998; Stevenson et al., 2007):

Giz,t =a,; +a; ‘5i2,t +h; 'Uiz,t-l +0y L +95 S0+ 95 -Gy (10a)

O_iz,t = aO,i + ai,i 'giz,t + bl,i 'O-iz,t—l + gl,i 'hil,etvjI + gz,i ) his,tlige"‘ ga,i ) hucﬂl (1Ob)

Overall, the model offers the opportunity to examine a number of hypotheses regarding
listed real estate returns and volatility behaviour. Firstly, Equation (7) includes three interest rate
proxies, namely the level, slope and curvature. Using a simple Wald coefficient restriction test
we examine whether real estate security returns are sensitive to all three yield curve factors

jointly (i.e. Bri=Poi=Pi = 0). Secondly, we can use the augmented variance specifications

(Equations 10a, 10b) and test whether our interest rate proxies, or their conditional volatilities,

have a significant joint effect on the wvolatility of the listed real estate market:

0. =9, =03, =0and 0,, =0,, = 5, =0 respectively. Finally, we examine whether our set

18



of interest rate factors affect jointly the returns volatility of listed real estate:

Bi=PFi=Fi =0 =9 =05, =0and S, =4,; =5 = gl,t = gZ,t = gS,t =0.

4. Empirical Results
4.1 Listed Real Estate and Interest Rate Risk

We initially estimate the four-factor GARCH model, as specified in Equations (7)-(9) for
each market, with the results reported in Table 3. In addition to the overall sample period being
examined we also run the empirical tests using two equal sub-samples, the mid-point being year-
end 2002. For the full period of study, we find that the level (the long-term interest rate proxy)
significantly influences listed real estate in both Australia and Singapore, whilst the Hong Kong
and U.S. sectors are significantly sensitive to the slope factor. In all cases the significant
coefficients are of the anticipated (negative) sign. Our results are consistent with previous REIT
papers (e.g. Allen et al., 2000; Devaney, 2001), that report significant exposure to both short and
long-term interest rates. However, none of the analysed markets are significantly exposed to

movements in the curvature factor, which is the medium-term interest rates proxy.

One finding that is of particular interest is that Japan exhibits positive sensitivity to the
slope factor over both the entire sample period and in the first sub-sample, implying that
Japanese real estate stocks increase (decrease) in value following an increase (decrease) in the
short-term interest rate. Such findings may, at least in part, be related to the prolonged period of
economic stagnation and near-zero interest rate policy adopted in Japan during the years we
analyse. Therefore, an increase in interest rates may have acted as a positive signal to the market

if it was associated with improved expectations regarding economic conditions.
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INSERT TABLE 3

Another finding that is quite noticeable is that the results across the two sub-samples
differ quite substantially. Indeed, the Australian REIT market is the only one to be consistently
affected by the changes in the yield curve level at a statistically significant level. Australia is also
the only market to report joint significance of the three yield curve factors across the different
sample periods. We however, find that the U.S. market is sensitive to all three factors in the
second subsample. In contrast, the previously reported exposure of the Hong Kong market to the
changes in the slope factor is driven by the former sub-period. Consistent with Devaney (2001)
and Stevenson et al. (2007) we confirm the time-varying nature of the interest rate sensitivity
reported. While most previous studies in the area looked at individual markets and a single
interest rate proxy, we find that often interest rate sensitivity may occur in some markets (i.e. the
U.S. and the U.K.) and disappear in the others (i.e. Singapore, Japan and Hong Kong). It should
be noted that our methodological framework effectively considers the excess interest rate
exposure of listed real estate, over above the general equity market. Therefore, the results do not
unequivocally imply that the listed real estate sectors in Hong Kong, Japan, and Singapore
display no exposure to interest rate movements in the latter sub-period. In addition, there are
other potential reasons behind the findings reported. For instance, the lack of significance in
Singapore may be possibly associated with the unique monetary policy setting in the country.
During the 1980s the Monetary Authority of Singapore (MAS) changed their policy objective to
controlling inflation through the management of the Singapore dollar against a basket of
currencies known as the trade-weighted exchange rate index (TWI). The TWI is now the main

instrument in conducting monetary policy in Singapore instead of the traditional short-term
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interest rate. Exceptions do occur and are primarily during periods when the authorities needed

to ensure sufficient liquidity in the money markets.

Our findings are similar in many respects to those reported in previous studies. For
example, the U.K. results support the findings of Stevenson et al. (2007), in observing a positive
but insignificant relationship between property company returns and short-term interest rates and
a significant inverse relationship with long-term rates. In the U.S. the impact of long-term
interest rates was previously noted by Devaney (2001) for Equity REITs. Overall, our findings
suggest that interest rates exposure should be modelled beyond a single interest rate factor, and
the factors from the Nelson-Siegel yield curve model are good candidates for such task. Overall,
the results are consistent with the general theoretical formulation of the relationship between
stocks/REITs and interest rates. However, it would be hard to describe the results as
homogeneous, which is not surprising given the structural and legal differences across the

international markets considered.

To fully consider the impact of interest rates on the volatility of listed real estate
securities we test the two augmented GARCH specifications detailed in Equations (10a) and
(10b). These specifications augment the base model with firstly the one-period lagged
unexpected changes in the level, slope and curvature factors and secondly their respective one-
period lagged conditional volatilities". The results are reported in Table 4 and it is evident that
volatility is strongly and, in the main, negatively affected by changes in the yield curve factors in
Australia, U.K. and U.S. This would suggest that unanticipated changes in the yield curve factors
translate into lower volatility of real estate returns in the subsequent period. Effectively, there is
less volatility clustering since the markets adjust their expectations more efficiently using

information from the money markets. Contrary to the results from the mean equation (Table 3),

the curvature factor is found to be consistently relevant in explaining volatility behaviour in the
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U.K. and the U.S. This may be due to the use of derivatives to hedge interest rate exposure.
Horng & Wei (1999) argue that interest rate hedging is the primary reason for REITs employ
derivatives. This is in part due to the fact that REITs have no incentive to use derivatives for tax
purposes. However, the evidence would appear to indicate that the use of derivatives for hedging

purposes is in reality relatively limited.

INSERT TABLE 4

With the exception of Singapore, we observe that the impact on volatility shifts from
short-term rates to long-term rates and vice versa. This implies that information about the yield
curve factor changes is an important determinant of volatility. Moreover, the impact may be hard
to capture using conventional ‘single’ maturity models as the relationship is time-varying.
Therefore, we test whether our interest rate proxies, and their conditional volatilities, have a
significant joint effect on the volatility of securitised real estate markets. Wald test results on the
joint significance of the yield curve factors are significant. We also find that real estate firms in

all six markets are affected directly by the factors’ changes rather than their volatilities.

4.2 Asymmetric Responses to changes in the Yield Curve

Given that our initial findings do indicate a degree of time-variation we expand the analysis to
consider whether there are possible asymmetries present in how real estate security returns
respond to the yield curve factors. Based upon the analysis contained in papers such as Bernanke

& Kuttner (2005), Bredin et al. (2007) and Xu & Yang (2011) we conduct two alternative tests,

22



which consider whether the sensitivity observed is dependent on firstly the sign and secondly the

size of the unexpected change in the yield curve factors.

For the first test, considering the sign of the unanticipated change, we construct two
dummy variables for each yield curve factor as follows: variables D/, D, D{; take the value
of 1 if there is a positive change in the level, slope or curvature respectively and O otherwise;
variables D7, Di;, D{{ take the value of 1 if there is a negative change in the respective yield

xiii.

curve factors and 0 otherwise. Therefore, we test the following specification™":
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The estimation results from Equation (11) are reported in Table 5. Overall, the evidence
with respect to asymmetry is strongest in Australia and the U.S., with evidence indicating a
significant reaction to all three yield curve factors. We find that U.S. REITs and the Hong Kong
sector both react negatively to unexpected increases in the slope of the yield curve, which is
associated with short-term rates. We find that positive changes in the slope factor, which would
imply a contractionary monetary policy, drive securitised real estate prices downwards.
Therefore, our initial multifactor model result for U.S. REITs, as reported in Table 3, are likely
to be driven by the flatter slope of the yield curve, while the steeper slope, as an indication of
economic expansion, has little effect on REIT returns. In Australia and Japan we find the

opposite effect for positive slope changes. Returns in Australia also react negatively to increases
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in the level, consistent with the initial results for Australia and the view that they are driven by

unexpected increases in short and long-term rates rather than reductions.

INSERT TABLE 5

The second test considers whether the size of unexpected changes in the yield curve
factors affects the interest rate sensitivity observed. Xu & Yang (2011) provide some evidence in
support of this view in their analysis of how U.S. monetary shocks can affect international listed

real estate markets. To analyse this issue we sort absolute values of the changes in each yield

curve factor in ascending order and assign two dummy variables, D]f’j‘,gt and D77, for each
factor f. D;’ig takes the value of 1 if the yield curve factor change is greater than the median
factor change in absolute terms and zero otherwise, D77 = 1 — D;’jf'qt. As a result, our model

takes the following form:

Ri,t = Ho,i "‘ﬁfiig : Li,t : Dlt_)llgt +:315,:na“ . Li,t : DETi“ +:sz,i'g 'Si,t : Dglngt +
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The results are reported in Table 6 and reveal an interesting difference between the
response in returns and volatility. It can be seen that volatility is particular sensitive to small
changes in the yield curve factors, with significant results reported for Australia (slope and
curvature), U.K. (slope and curvature), Hong Kong (level), and Singapore (slope). In contrast,
returns are primarily affected by the magnitude of the change in the yield curve factors. In
particular, large unexpected changes in the level are inversely related to returns in Australia and
Singapore. Furthermore, large unexpected changes in the slope affect Hong Kong, Singapore and
the U.S. Our results are consistent with those reported by Xu & Yang (2011) who find that
international listed real estate markets returns are mostly exposed to large changes in monetary
policy. When we considers the Wald tests, the estimates for the large unexpected changes in the
level and the slope of the yield curve are significantly different from the respective coefficients
related to the small changes. Finally, it is of interest that in contrast to the base linear model,
reported in Table 3, we do in this instance report statistically significant interest rate exposure in
the case of Singapore. The original specification has failed to detect any significant interest rate

sensitivity.

INSERT TABLE 6

4.3 Robhustness Tests

The final component of the empirical analysis consists of a variety of alternative
specifications and tests in order to consider the robustness of the results reported thus far. In the
first instance we introduce two additional control variables, namely global stock market returns

and trading volume. The global equity market is proxied by the MSCI World index returns (ri‘f't’
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and is included in addition to the domestic equity market benchmarks used thus far. The trading
volume data is collected from the Thomson Reuters Datastream. Consistent with previous
studies, we find that trading volume has a substantial time trend. Therefore, in order to ensure
that the data is stationary we follow previous studies such as Campbell et al. (1993) and Hutson

et al. (2008) and de-trend the data as follows:

log(Volume,,) = ay; +&,,; - TIME +a,, - TIME® +u, (15)

The de-trended non-negative volume series (vol; .) is defined as the residuals (U;,) minus

the minimum value of U, .. We augment the mean equation of our baseline GARCH specification

as follows:

W

~ o M
o = HMoi + B L + Boi - Siv +Bai -Cio + Bai Gix + Boi Ny + Bei VOl +&, (16)

The results are presented in Table 7 and are broadly consistent with the initial findings
that were reported in Table 3. The specification that includes the global market returns and
volume reveals that changes in the level of the yield curve has a stronger impact on U.S. REITSs.
We also find no support for the weak significance of the yield curve factors in Japan. Previously
they have been reported to have an unexpected positive sign. The lack of statistical significance
in Japan is however, consistent with Yourougou (1990) who reports no significant sensitivity

during periods of low interest-rates.
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INSERT TABLE 7

The second robustness tests considers and incorporates into the analysis the impact of two major
events during the sample period; namely the 1997-98 Asian Financial Crisis (AFC) and the
Global Financial Crisis (GFC) a decade later. We restrict the AFC period from July 1997 until
the end of June 1998 in line with Gerlach et al. (2006) and Kho & Stulz (2000). We follow the
Global Financial Crisis (GFC) timeline from Longstaff (2010), who defines the period as being
from August 2007 through to December 2008 when the U.S. government started authorising
lending through the Troubled Asset Relief Program (TARP). In order to explicitly consider
whether either of these events significantly alter our findings we re-specify the GARCH models
to incorporate a dummy variable relating to the two crisis’. This adapted specification can be

displayed as follows:

Ri: = Ho,i +181,i L+ ﬂll,:ic : Li,t : Di,FtC + B Si,t + ﬂzFF : Si,t : Di,FtC +

FC FC M (17)
+Bsi Civ+ Bsi -Ciy-Diy +y-ry +é,

where the error term using the information set @ for country i available at time t—1 is

conditionally normal and heteroscedastic and expressed as ¢&,=2Z,-0;, and
iy int_l~N(O,aft). {Zi,t} iIs a sequence of independent, identically distributed random

variables with zero mean and unit variance. X;, is the vector of the control variables that include

market index returns, world index returns and de-trended trading volume. Variables L, S, and C
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are the unexpected changes in the yield curve level, slope and curvature, all calculated at time t
as the difference between the actual changes in the yield curve level/slope/curvature and the ones

forecasted via the appropriate specification of the ARMA model. The Financial Crisis dummy,

Diic , takes the value of unity during Asian Financial Crisis of 1997-1998 and Global Financial

Crisis of 2007-2008. The volatility equation for securitised real estate is interchangeably

augmented in two alternative ways:

2 2 2 FC FC
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The equality of the interest rate coefficients during the crises and non-crises periods are
tested using Wald tests. The estimation results are reported in Table 8. The specifications (17)-
(18a,b) serve as a further check to the initial sensitivities reported in Tables 3 and 4. The yield
curve factors enter the equations alongside interaction dummies. The estimates of the factors for
the non-crises periods in Table 8 are consistent with what we report for the full sample in Table
3. Interaction crises variables add little to the results from the previous sections as they appear to
be largely insignificant in explaining real estate security return behaviour. The lack of
significance of the interest rate factors during the crises periods is consistent with Lizieri &
Satchel (1997) and Lizieri et al. (1998) who reported no sensitivity in either the U.S. or U.K. to

interest rate changes during the periods of high volatility.
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With respect to volatility, the results are largely consistent and mostly support the
findings previously reported and discussed. In addition, we find that during the two crises,
volatility in Japan and the U.S. are affected by changes in the long-term interest rate factor,
whilst in Australia volatility is linked to interest rate volatility. Interestingly, changes in the yield
curve level factor have a calming effect on the total risk of securitised real estate in these three
countries. The findings on volatility are supported by the Wald test for asymmetry between

crises and non-crises periods.

INSERT TABLE 8

5. Concluding Comments

Despite the evident channels through which interest rates can potentially impact upon the listed
real estate sector, the majority of the existing literature has focused predominantly upon the U.S.
REIT sector. This extends that literature by considering six of the largest listed real estate
markets globally. The results also extend the literature by considering a range of interest rate
factors that more completely capture the dynamics of the yield curve and by focusing on
unanticipated interest rate sensitivity. Overall, the results reveal the significance of both short
and long-term interest rates factors in explaining the returns of securitized real estate with results
displaying a high degree of robustness. In line with theoretical expectations, the real estate
markets in all six countries exhibit significant sensitivity at one time or another. However, we
find do find that sensitivity does vary across markets and over time. It is however, hard to

specifically note whether any observed variation in results can be attributed to the legal structure
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in place. Specifically, the results do not clearly indicate that markets with a REIT regime in place

throughout the sample period display heightened sensitivity.

The results do provide important implications for investors' assessment of interest rate
risk and sensitivity in public real estate markets, highlighting the importance of interest rates in
such markets. Furthermore, in contrast to previous studies which have concentrated on a single
interest rate factor, the empirical results also illustrate the importance of considering movements
across the entire term structure of interest rates. One area that the paper does not consider is
contagion effects in the yield-curve factors in the different markets. This is an aspect that does
warrant attention in future research as it would be of considerable interest to explore cross-
country dynamics, possibly using the Diebold et al. (2008) framework and include a global yield

curve factor in addition to the country-specific yield factors.
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Table 1: Descriptive statistics for the yield curves

Maturity

(Months)/Factor Mean Median Max. Min. Std.Dev. Skewness Kurtosis JB test Obs.
UsS

3 3.006 3.297 6.460 0.002 2221 -0.09 1.36*** 105.96*** 930
12 3.308 3.533 7.003 0.127 2.266 -0.10 1.43*** 97.43*** 930
36 3.751 4.053 8.024 0.284 2.041 -0.15* 1.76*** 63.54*** 930
60 4131 4371 8.025 0.616 1.781 -0.22%** 2.10%** 38.41%** 930
120 4,745 4.706 8.125 1.539 1.357 -0.16** 2.69*** 7.56** 930
Level 5.843 5.955 8.202 3.220 0.930 -0.26*** 3.13*** 11.18*** 930
Slope -2.819 -2.305 0.755 -6.384 2.078 -0.11 1.62%** 75.68*** 930
Curvature -1.895 -1.646 3.612 -8.142 2.201 -0.31%** 2.46*** 25.64*** 930
Australia

3 5.252 5.037 8.780 2.450 1.239 0.25%** 2.91%** 9.60*** 926
12 5.328 5.152 10.095 2.516 1.309 0.48*** 3.71%** 54.69*** 926
36 5.586 5.417 10.708 2.277 1.367 0.51*** 4.49*** 124.71%** 926
60 5.782 5.616 10.673 2.353 1.378 0.64*** 4.68*** 171.75*** 926
120 6.062 5.812 10.751 2.800 1.374 1.00*** 4.84*** 283.43*** 926
Level 6.282 5.939 10.962 3.366 1.363 1.28*** 4.82%** 380.50*** 926
Slope -1.059 -0.946 0.933 -3.846 1.077 -0.19** 2.10%** 36.65*** 926
Curvature -0.848 -0.709 3.731 -5.671 1.344 -0.46*** 3.81%** 58.29*** 926
UK

3 4.157 4.800 7.550 0.144 2.203 -0.67*** 2.17%** 97.28*** 932
12 4.256 4,743 7.515 0.113 2.223 -0.63*** 2.15%** 89.89*** 932
36 4.560 4.825 8.784 0.133 2.048 -0.47%** 2.48*** 43.96*** 932
60 4.732 4.830 8.999 0.543 1.858 -0.22%** 2.75%** 9.85%** 932
120 5.005 4.780 8.967 1.559 1.573 0.60*** 3.47%** 64.38*** 932
Level 5.245 4.753 9.232 3.297 1.449 1.52%** 4.20*** 414 52%** 932
Slope -1.174 -0.767 2.643 -5.822 2.300 -0.42%** 1.98%** 67.65%** 932
Curvature -0.073 0.182 7.731 -7.028 2.887 -0.21*%** 3.31%** 10.80*** 932
Hong Kong

3 2.939 2.855 10.930 0.004 2.598 0.52%** 2.35%** 55.85%** 896
12 3.255 2.970 10.831 0.114 2.659 0.49%** 2.28%** 54.62*** 896
36 3.940 3.876 10.781 0.131 2.559 0.33*** 2.12%** 44.63*** 896
60 4434 4110 10.702 0.237 2.452 0.20** 2.06*** 38.99%** 896
120 5.012 4.684 10.818 0.556 2.313 0.07 2.07%** 32.99%** 896
Level 5.325 5.076 10.815 0.679 2.231 -0.02 2.09%** 31.04%** 896
Slope -2.496 -2.452 4.006 -6.547 1.496 -0.18** 3.22%%* 6.76** 896
Curvature -1.627 -1.321 6.113 -6.035 2.034 0.02 2.99%** 0.04 896
Japan

3 0.263 0.132 2.245 0.002 0.335 3.06*** 16.37*** 8,121.4*** 902
12 0.320 0.176 2.490 0.006 0.366 2.71%** 14.20*** 5,821.9*** 902
36 0.598 0.472 3.492 0.075 0.515 2.25%** 10.95*** 3,138.7*** 902
60 0.955 0.829 4.161 0.170 0.645 1.79%** 7.75%** 1,329.5%** 902
120 1.716 1.518 4.858 0.459 0.739 1.61%** 5.92%** 710.83*** 902
Level 3.008 2.831 5.664 1.093 0.747 1.05*** 4 58*** 259.32*** 902
Slope -2.677 -2.591 -0.984 -4.684 0.711 -0.79%** 3.46*** 101.47*** 902
Curvature -3.349 -3.504 0.407 -5.266 1.094 0.58*** 2.62%** 55.57*** 902
Singapore

3 1.347 1.104 4.142 0.008 0.923 0.55%** 2.22%%* 69.03*** 914
12 1.488 1.373 4.142 0.089 0.908 0.33*** 2.03*** 52.86*** 914
36 2.019 2.078 7.036 0.270 1.005 0.02 2.60%** 6.20** 914
60 2.558 2.655 5.239 0.443 1.064 -0.26*** 2.21%** 33.54%** 914
120 3.256 3.215 5.885 1.343 0.888 0.09 2.57%** 8.41** 914
Level 4.051 3.993 6.262 0.730 0.738 0.05 2.87%** 0.97 914
Slope -2.880 -2.894 1.296 -5.490 1.198 0.24%*** 2.41%** 21.57*** 914
Curvature -1.182 -1.185 13.819 -6.020 2.560 0.25*** 3.34*** 13.76*** 914

The table presents descriptive statistics for countries’ yields at representative maturities, and each country’s yield curve level, slope, and
curvature estimated using the following equation:

1_efﬂ‘r 1_e7&‘r L
= + _ |+ e — t7
Y (7)) = By ﬂz{ T ] ﬂEt[ 1T ]

t t
where y, () isthe yield on a zero-coupon bond, with time-to-maturity z . B, B, . B are the three estimated parameters which represent

the level, slope and curvature of each country’s yield curve respectively, and A represents the exponential decay rate. We use weekly data over
the sample period of 1995-2012
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Table 2: Descriptive Statistics for securitised real estate,

stock markets and the yield curve factors.

Real Estate
Stock Market
Level

Slope
Curvature

Real Estate
Stock Market
Level

Slope
Curvature

Real Estate
Stock Market
Level

Slope
Curvature

Real Estate
Stock Market
Level

Slope
Curvature

Real Estate
Stock Market
Level

Slope
Curvature

Real Estate
Stock Market
Level

Slope
Curvature

Mean Median  Std. Dev. Min. Max. Skew. Kurt. JB Obs. Market Level Slope Curvature
uUs
0.110 0.250 21.793 -24.475 3.333  -0.79*** 13.08*** 4,018.47*** 927 Real Estate 0.69*** 0.07** -0.04 0.07**
0.123 0.341 10.344 -16.748 2480  -0.70*** 7.50%** 856.69*** 927 Market 1 0.13*** 0.00 0.10%**
0.000 -0.001  0.657 -0.641 0.136  -0.12 5.34*** 214.38%** 928 Level 1 -0.76*** -0.03
0.000 0.008 0.660 -1.448 0172  -1.08*** 11.25%** 2,812.38*** 927 Slope 1 -0.12%**
0.002 -0.025  1.550 -2.126 0.405  0.08 4.64*** 104.66*** 928 Curvature 1
Australia
0.024 0.109 16.981 -24.147 2.643  -0.50*** 17.96*** 8,609.48*** 919 Real Estate 0.64*** -0.03 0.04 0.04
0.096 0.181 11.604 -11.988 2140  -0.51*** 6.11%** 409.13*** 919 Market 1 0.09*** -0.01 0.13%**
-0.001 -0.003  0.666 -0.613 0.151  0.18** 3.87*** 34.24%** 919 Level 1 -0.60*** 0.08**
0.001 0.007 1.230 -1.716 0.202  -0.87*** 12.47%** 3,551.94%*** 919 Slope 1 -0.31***
0.003 0.006 2.037 -2.014 0.357  0.03 8.12%** 1,004.82%** 919 Curvature 1
UK
0.032 0.282 15.994 -18.608 3.123  -0.55*** 9.13*** 1,503.57*** 930 Real Estate 0.57*** 0.05 -0.03 0.11%**
0.069 0.285 13.344 -12.437 2415  -0.37*** 6.43*** 478.12%** 930 Market 1 0.08** 0.01 0.11***
0.000 0.003 0.802 -0.940 0.121  -0.52*** 11.36*** 2,755.43*** 931 Level 1 -0.70%** -0.22%**
0.000 -0.003  1.203 -0.854 0.158  0.05 9.79%** 1,788.71%** 931 Slope 1 -0.04
-0.004 -0.019 2123 -1.389 0413  0.49*** 5.17%** 219.99*** 931 Curvature 1
Hong Kong
0.143 0.255 21.494 -25.435 4466  -0.20** 6.20%** 386.45%** 890 Real Estate 0.93*** -0.07** -0.23*** 0.07**
0.103 0.142 13.524 -20.912 3457  -0.54%** 6.36*** 461.81*** 890 Market 1 -0.06* -0.22%** 0.07**
0.000 -0.005  1.125 -0.634 0.184  0.49*** 6.67*** 536.01*** 891 Level 1 -0.27%** -0.10***
0.000 0.004 3.653 -2.844 0.365  0.38*** 25.32%** 18,509.66*** 891 Slope 1 -0.47%**
0.002 -0.008  4.931 -3.004 0519  0.73*** 18.26*** 8,727.08*** 891 Curvature 1
Japan
0.055 0.063 20.197 -21.503 4.803  0.00 5.07*** 160.15*** 900 Real Estate 0.75%** 0.10%** -0.12%** 0.10***
-0.062 0.076 15.542 -20.482 3.004  -0.31*** 6.55*** 487.53*** 900 Market 1 0.15%** -0.20%** 0.12%**
-0.001 -0.004  0.820 -0.752 0.129  0.70*** 12.50*** 3,460.68*** 901 Level 1 -0.92%** -0.54%**
0.000 0.008 0.593 -0.899 0.127  -1.00*** 10.90*** 2,496.29*** 901 Slope 1 0.38***
0.000 0.007 1.583 -1.848 0.296  -0.20** 9.60*** 1,637.47*** 900 Curvature 1
Singapore
-0.005 0.201 24.671 -29.259 4783  -0.08 7.27%** 693.22*** 911 REIT 0.82%** 0.00 -0.10%** 0.06*
0.036 0.164 17.597 -19.769 3136  -0.18** 6.88*** 576.51%** 911 Market 1 0.04 -0.09*** 0.06*
0.000 -0.002 2912 -2.749 0.239  -0.42*** 64.25%** 142,431.60*** 911 Level 1 -0.52%** -0.63***
0.001 0.012 2.134 -3.576 0294  -1.21%** 33.62*** 35,762.52%** 910 Slope 1 -0.02
0.000 -0.018  12.310 -4.416 0.692  6.03*** 116.32***  492,981.40*** 911 Curvature 1

Note: Table 2 reports summary statistics for appropriate real estate security and general equity indices for each of the six markets. The statistics are estimated over the 1995-2012 period. Summary statistics are
also reported for the level, slope and curvature yield curve factors. *, **, *** indicate significance at the 10%, 5% and 1% levels, respectively.
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Table 3: GARCH Multifactor model results

Period Hoji B B Bsi Bai ay; b,; Adj.R? Wald
US
1995-2012  0.066 -1.498 -1.813* -0.157 0.643*** 0.118*** 0.873%** 0.43 3.33
(0.07) (1.03) (1.02) (0.16) (0.03) (0.03) (0.02) (0.39)
1995-2003  0.171*** -1.325 -0.660 -0.003 0.409*** 0.227*** 0.759*** 0.30 2.05
(0.06) (1.12) (1.21) (0.16) (0.03) (0.06) (0.05) (0.56)
2004-2012  0.105 -6.808*** -3.636*** -0.875*** 1.249%** 0.096** 0.883*** 0.65 25.71***
(0.10) (1.59) (1.40) (0.29) (0.05) (0.04) (0.04) (0.00)
Australia
1995-2012  0.072 -1.277%** 0.298 -0.248 0.618*** 0.126*** 0.848*** 0.39 23.90***
(0.05) (0.31) (0.41) (0.15) (0.03) (0.03) (0.04) (0.00)
1995-2003  0.085 -1.398***  0.027 -0.324* 0.510*** 0.153*** 0.712%** 0.37 25.62***
(0.06) (0.36) (0.51) (0.18) (0.03) (0.06) (0.10) (0.00)
2004-2012  -0.015 -2.077***  0.486 -0.365 0.819*** 0.117%** 0.871*** 0.45 12.86***
(0.07) (0.65) (0.57) (0.33) (0.05) (0.04) (0.04) (0.00)
UK
1995-2012  0.138** -0.193 -0.621 0.119 0.569*** 0.136*** 0.828*** 0.31 1.35
(0.06) (0.59) (0.73) (0.20) (0.04) (0.03) (0.03) (0.72)
1995-2003  0.074 -0.277 -0.547 0.106 0.391*** 0.063** 0.849*** 0.19 0.76
(0.08) (0.71) (1.02) (0.23) (0.05) (0.03) (0.09) (0.86)
2004-2012  0.135 -1.775* 0.423 -0.236 0.996*** 0.148*** 0.839*** 0.45 4.06
(0.09) (1.02) (1.08) (0.32) (0.05) (0.04) (0.04) (0.26)
Hong Kong
1995-2012  0.039 -0.258 -0.518** -0.020 1.189*** 0.082*** 0.908*** 0.87 5.23
(0.05) (0.30) (0.24) (0.15) (0.02) (0.02) (0.02) (0.16)
1995-2003  0.037 -0.247 -0.536* 0.028 1.177%** 0.112%** 0.858*** 0.86 2.99
(0.07) (0.39) (0.32) (0.22) (0.02) (0.03) (0.04) (0.39)
2004-2012  0.046 -0.596 -0.521 -0.086 1.202*** 0.068*** 0.917*** 0.88 3.47
(0.06) (0.42) (0.38) (0.20) (0.02) (0.03) (0.03) (0.32)
Japan
1995-2012  0.180* -0.277 3.777* 0.533 1.188*** 0.079*** 0.905*** 0.57 5.78
(0.09) (0.96) (2.02) (0.42) (0.04) (0.02) (0.02) (0.12)
1995-2003  0.159 -0.430 4.959** 0.455 1.238*** 0.096** 0.877*** 0.47 5.42
(0.16) (1.18) (2.50) (0.52) (0.06) (0.04) (0.05) (0.14)
2004-2012  0.187* -0.239 0.261 0.403 1.146%** 0.066** 0.909*** 0.68 0.33
(0.11) (1.43) (3.41) (0.74) (0.05) (0.03) (0.04) (0.95)
Singapore
1995-2012  0.096 -1.246** -0.469 -0.125 1.100*** 0.095%** 0.905%** 0.66 541
(0.06) (0.61) (0.35) 0.14) (0.03) (0.03) (0.02) (0.14)
1995-2003  0.032 -1.144 -0.650* -0.106 1.372%** 0.075** 0.923*** 0.67 4.03
0.12) 0.74) (0.39) (0.16) (0.04) (0.03) (0.03) (0.26)
2004-2012  0.125* -1.018 0.066 -0.194 0.992*** 0.097*** 0.892*** 0.72 2.76
(0.07) (0.96) (0.68) (0.31) (0.04) (0.04) (0.03) (0.43)

This table presents the GARCH model results for the model below, estimated over 1995-2012:

o= Hoi + B Lo+ i Sio+Boi Co+ B - ri,h:l +&r Eix =Zip " Oigs Oft =8,; +ay; - 5i2,t +by; 'o-iz,t—l'
where r,, and ! denote weekly logarithmic returns on the domestic listed real estate and stock market indexes respectively at time t.
L;.S...C;, denote the unexpected changes in the level, slope and curvature of domestic zero-coupon yield curve respectively, all calculated at
time t as the difference between the actual changes in the yield curve level/slope/curvature and ones forecasted via the appropriate specification
of the ARMA model. z,, is a sequence of independent, identically distributed random variables zero mean and unit variance, implying

£y |<l),‘H ~ N(O, af,) is conditionally normal heteroscedastic error term, @,

i1 18 the information set available at time t-1. &7, isthe

conditional variance of the listed real estate index returns at time t. The table reports coefficient estimates alongside standard errors in
parentheses. Wald test reports the y? -statistics of the test for the joint significance of the interest rate factors (i.e. B =Py =P = 0) with p-
values reported in parentheses. *, **, *** indicate significance at the 10%, 5% and 1% levels, respectively.
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Table 4: Multifactor model with augmented volatility equation

a) irl,l—l = b) h:r,\—l =
Lita SR Cira Wald hiis hit his Wald
us
1995-2012 1.273* 1.334 -0.511*** 79.99%** -11.161** 3.758 -0.014 15.27%**
(0.68) (0.86) (0.11) (0.00) (4.74) (2.73) (0.26) (0.00)
1995-2003 1.404** 0.922 -0.670*** 33.83*** -54.296*** 4.905*** 0.031 63.36***
(0.57) (0.87) (0.13) (0.00) (12.90) (1.85) (0.20) (0.00)
2004-2012 -4.292** -3.128* -0.893*** 38.73*** -12.132* 12.310* -0.596* 4.88
(1.88) (1.65) (0.25) (0.00) (6.78) (6.68) (0.32) (0.18)
Australia
1995-2012 -0.559* 0.951 -0.143 9.64** -1.510 0.407 -0.782** 471
(0.30) (0.63) (0.22) (0.02) (1.84) (0.49) (0.39) (0.19)
1995-2003 -0.684** 1.306* -0.102 15.20*** 17.659 2.617 13.935 1.30
(0.31) (0.74) (0.29) (0.00) (31.53) (4.09) (14.61) (0.73)
2004-2012 0.309 -1.259* -0.267 5.15 -6.679 -0.095 0.023 1.43
(0.85) (0.67) (0.39) (0.16) (7.95) (0.59) (0.65) (0.70)
UK UK
1995-2012 -2.849%** 0.867 -0.457** 46.31*** 4.873 6.633 0.381 2.50
(0.87) (0.98) (0.19) (0.00) (12.12) (5.86) (0.99) (0.47)
1995-2003 -3.352%** 1.695* -0.355** 46.69*** 15.759 -4.025 0.783 3.38
(0.87) (1.02) (0.17) (0.00) (19.97) (3.87) (2.58) (0.34)
2004-2012 11.017 -11.982** -3.274* 99.77*** -2.328 31.733 3.561 2.64
(7.77) (6.03) (1.72) (0.00) (14.04) (20.88) (2.68) (0.45)
Hong Kong
1995-2012 -0.372 -0.051 0.042 1.25 0.526 0.170 -0.099 254
(0.34) (0.26) (0.14) (0.74) (0.53) (0.19) (0.26) (0.47)
1995-2003 -0.511 0.518*** 0.320** 50.92%** -6.693 0.096 1.186 3.18
(0.37) (0.17) (0.14) (0.00) (4.17) (0.45) (1.18) (0.37)
2004-2012 -0.358 -0.501** -0.093 27.07*** 3.919 0.663*** -0.656*** 10.03**
(0.26) (0.20) (0.13) (0.00) (3.41) (0.24) (0.24) (0.02)
Japan
1995-2012 -1.561 -2.570 0.035 0.97 1.345 -41.345 1.909 2.54
(2.27) (3.38) (0.82) (0.81) (3.11) (27.20) (1.58) (0.47)
1995-2003 -0.546 4.296 2.108** 24.70%** 2.666 -13.715 -1.593 4.22
(3.14) (4.31) (0.98) (0.00) (5.47) (52.43) (2.80) (0.24)
2004-2012 -6.537*** -4.701* 0.431 22.63*** -43.074** 166.709 3.526 5.97
(1.69) (2.85) (0.73) (0.00) (19.00) (148.90) (3.66) (0.11)
Singapore
1995-2012 -2.402 -2.541 -0.572 33.21%** 0.059 1.557*** -0.033 9.84**
(2.56) (2.60) (0.42) (0.00) (0.40) (0.53) (0.04) (0.02)
1995-2003 -2.988 -3.129** -0.752 60.21%** -0.308** 0.928** 0.014 5.74
(2.53) (1.36) (0.48) (0.00) (0.16) (0.44) (0.01) (0.13)
2004-2012 -0.206 0.159 0.158 121 2.442 6.110 -4, 771%** 39.07***
(1.16) (0.92) (0.24) (0.75) (21.60) (17.76) (1.77) (0.00)

This table presents the GARCH model results for the model below, estimated over 1995-2012:

~ ~ M . _ . 2 _ 2 2 ’
Go=toi+ B Lot B Siu+ B CutBui by +&ys Eix =Ly Oips Oy =80, +8y,; & +by o7, +9- X4

where r,, and rY denote weekly logarithmic returns on the domestic securitised real estate and stock market indexes respectively at time t.

LS €, denote the unexpected changes in the level, slope and curvature of domestic zero-coupon yield curve respectively, all calculated at
time t as the difference between the actual changes in the yield curve level/slope/curvature and ones forecasted via the appropriate specification

of the ARMA model. z,, is a sequence of independent, identically distributed random variables zero mean and unit variance, implying

is the information set available attime t-1. o7, isthe

it-1

&y |v;I>iH ~ N(O, crfl) is conditionally normal heteroscedastic error term, ®,
conditional variance of the listed real estate index returns at time t. The volatility equation for securitised real estate is interchangeably augmented
in two alternative ways using the vector of the interest rate factors X, :

)Xy =i, = {l-iHv §iHvéi.t—1}

b) Xy =hiy = {hiﬁ,l, i hii—l}

The table reports coefficient estimates alongside standard errors in parentheses. Wald test reports the 42 -statistics of the test for the joint
significance of the interest rate factors (i.e. g,, = g,, = g,, = 0) With p-values reported in parentheses. *, **, *** indicate significance at the
10%, 5% and 1% levels, respectively.
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Table 5: The asymmetric response tests of the yield curve factors — Sign response
regression results

L L Wald L s 5 WaldS _ C" c WaldC __ Adj.R?
US returns -1.034 1146 0112 2.060** -1.105 -0.955  -0.386™**  0.201 0.677%% 043
(1.50) @21)  (0.00) (0.98) 139) (027)  (0.12) (0.25) (4.03)
USvariance  -3.455%**  3.922%%  .7.377***  3046**  -0.116  3.162 -0.103 -0.257 0.154
(1.30) (159)  (857) (1.32) 095 (237)  (0.12) (0.18) (0.42)
AUreturns  -1.719%*  -0687  -1.032 1.265%*  -1.103  2.368**  -0.802%**  0.147 -0.949%*  0.39
(0.78) 075  (0.74) (0.63) 0.78)  (4.44)  (0.27) (0.28) (4.26)
AU variance  -0.377 0.109 -0.485 -0.162 1.189% -1351 0212 -0.617 0.830
(0.69) (111)  (0.13) (1.08) 0.69) (116)  (0.26) (0.45) (2.02)
UKreturns  -0.320 1347 1.027 -1.692 0216  -1.908  -0.152 0373 -0.525 0.32
(1.34) 147)  (0.23) (1.15) (1.08) (1L21)  (0.31) (0.35) (0.91)
UK variance ~ -3.163 0702 -2.461 1.859 -0.069  1.928 0.132 -1.450%%  1.582%*
(2.37) (2.02)  (0.50) (1.95) L77)  (0.36)  (0.27) (0.66) (4.34)
HK retums -0.798 0523 -0.275 -0.498*  -0571 0073 -0.246 0.128 -0.373 0.87
(0.59) 0.66)  (0.07) (0.30) (042) (0.02)  (0.21) (0.26) (0.96)
Hk variance ~ -0.873* 0135 -0.738 0.521 053  1.051*  -0.014 -0.110 0.096
(0.50) 035  (L73) (0.37) (043 (291)  (0.22) (0.24) (0.06)
JP returns 4587 4814 -0.227 7062* 2934  4.128 -0.149 1.059%  -1.208 057
(3.47) (3.32)  (0.00) (3.69) (3.15)  (0.65)  (0.70) (0.63) (1.49)
JPvariance  -3.548 3744 0.196 -1.393 0.949 0444 1034 -1.092 2127
(6.54) (6.63)  (0.00) (6.25) (5.38)  (0.00)  (1.02) (1.45) (1.41)
SG retumns -1.293 -0.889  -0.404 -0.081 -0.610  0.529 -0.210 0.156 -0.366 0.66
(0.85) 0.97)  (0.09) (0.67) (059 (0.28)  (0.21) (0.35) (0.71)
SGvariance  -0.297 0575 0278 0.860 -0.686  1.546 0.196 0.126 0.070
(0.98) 083)  (0.06) (0.68) 0.90) (1.80)  (0.33) (0.27) (0.02)

This table reports the results of the following GARCH model estimated over 1995-2012:
he=to, + B L DY+ B L DN+ B S "D + By Sie - DY +
+B::-Ci DS+ B -Ci DY+t + &,
where error term using the information set Q for country i available at time t-1 is conditionally normal and heteroscedastic and expressed as
&,=12,-0;, and gi‘t|ﬂi,l—1 ~ N(O,aft). {zm} is a sequence of independent, identically distributed random variables zero mean and unit

variance. r,, and r denote weekly logarithmic price changes on the domestic securitised real estate and stock market indexes respectively at

time t. Variables L, S, and C are the unexpected changes in the yield curve level, slope and curvature, all calculated at time t as the difference
between the actual changes in the yield curve level/slope/curvature and ones forecasted via the appropriate specification of the ARMA model.
Dummy variables D;;and Dj, take the value of one when there is a positive or negative change in the yield curve factor respectively. The
volatility equation for securitised real estate is specified as:

ol =g +ay - sh b ol + 0L DL+ 0L D+

+05: S DY+ 05 -Sia D+ 05, -Cia - DL + 05, -Ci - DS

The table reports coefficient estimates alongside standard errors in parentheses. The asymmetric effect of the positive and negative interest rate
changes is tested using Wald tests of the form g, — 3, =0 for price changes, and g, —g,, =0 for the impact on volatility respectively, with

¢ -statistics of the tests reported in parentheses. *, **, *** indicate significance at the 10%, 5% and 1% levels, respectively.
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Table 6: The asymmetric response tests of the yield curve factors — Size response regression
results

LD Lsman Wald L P gsmafl Wald S cPo cemaf WaldC  Adj. R?
USreturns  -1.104 0.032 -1.137 -1.679* -1.862 0.183 -0.114 0.880 -0.994 0.42
(0.93) (1.78) (0.55) (1.00) (1.64) (0.02) (0.15) (0.61) (2.45)
US variance  1.469 -0.197 1.666 1.207 1.626 -0.419 -0.595***  -0.146 -0.449
(1.35) (3.47) (0.51) (1.26) (2.68) (0.06) (0.13) (0.92) (0.24)
AUreturns  -1.927***  -0.154 -1.774 -0.581 1.877 -2.457** -0.672**  0.229 -0.901 0.41
(0.58) (1.39) (1.73) (0.61) (1.22) (4.42)** (0.29) (0.66) (1.60)
AU variance  2.425 -9.287 11.712%**  .2.829 10.348%*  -13.177*** 1747 -6.643***  4,.896**
(5.35) (6.45) (8.98) (5.29) (4.71) (18.64) (2.37) (1.88) (4.91)
UKreturns  -0.922 0.176 -1.098 -0.567 -3.272 2.705 0.079 -0.366 0.445 0.31
(0.84) (2.36) (0.23) (0.65) (2.05) (1.91) (0.16) (0.70) (0.40)
UK variance  -3.003* 0.023 -3.027 0.947 -4.997**  5.944** -0.379* -3.555%**  3176***
(1.57) (1.90) (1.57) (1.02) (2.48) (5.49) (0.21) (0.71) (21.03)
Hkreturns  -0.514 -3.295%*  2781** -0.570**  0.185 -0.755 -0.075 0.422 -0.497 0.87
(0.35) (1.39) (3.85) (0.23) (1.12) (0.45) (0.15) (0.60) (0.63)
Hk variance  -0.444 -3.153***  2,708** -0.046 -0.434 0.388 0.010 -0.624 0.634
(0.34) (1.07) (5.00) (0.22) (0.76) (0.21) (0.15) (0.46) (1.95)
JP returns 4.291* -0.959 5.250 4.234* 1.120 3.114 0.514 -0.775 1.289 0.56
(2.40) (6.88) (0.62) (2.22) (5.47) (0.35) (0.45) (2.47) (0.27)
JPvariance  -2.275 -1.289 -0.986 -0.917 -3.583 2.666 0.387 -5.813 6.200
(3.62) (13.81) (0.01) (2.91) (14.79) (0.04) (0.84) (6.78) (0.82)
SGreturns  -1.454** 3,667 -5.121%*  -1.051*** 3.680 -4.731%* -0.198 -1.474 1.277 0.67
(0.58) (2.61) (3.94) (0.33) (2.34) (4.14)** (0.14) (1.20) (1.12)
SGvariance  -2.622 -11.450  8.828 -1.263 -11.594**  10.330**  -0.785*** -4.205 3.420
(1.72) (7.74) (1.25) (1.10) (4.50) (4.05) (0.30) (5.42) (0.40)

This table reports the results of the following GARCH model estimated over 1995-2012:
fio = oy + A0 - Ly - DUB + B0 L - DI+ 7 - S, - DSy + 50"+ S, - DR+
+5¢ - Cy - DE, + A" Gy - D B+,
where error term using the information set Q for country i available at time t-1 is conditionally normal and heteroscedastic and expressed as
&,=12,-0;, and gi‘t|ﬂi,l—1 ~ N(O,aft). {zm} is a sequence of independent, identically distributed random variables zero mean and unit

variance. r,, and r denote weekly logarithmic price changes on the domestic securitised real estate and stock market indexes respectively at

time t. Variables L, S, and C are the unexpected changes in the yield curve level, slope and curvature, all calculated at time t as the difference
between the actual changes in the yield curve level/slope/curvature and ones forecasted via the appropriate specification of the ARMA model.
Dummy variables D{? and D;"*" take the value of one when there is a larger than median or smaller than median change in the yield curve
factor respectively. The volatility equation for securitised real estate is specified as:
O-iz‘t =8y T & 'giz,l—l +b;; Ot gf,iIg L D:I?‘lfl + gf,rina"' Lica- DET?L +

"’glzj,lig : Si‘tfl : Dg‘lig,x—l + g;TaH : Si,x—1 . D;Tiﬂl + gg,lig : Ci,x—l : Dg,l?,x—l + g;r?a" ' Ci.t—1 . Dér,niﬂl
The table reports coefficient estimates alongside standard errors in parentheses. The asymmetric effect of the large and small interest rate changes
is tested using Wald tests of the form P — gsmat — o for price changes, and g°% —g:m*"=0 for the impact on volatility respectively, with »? -

n ni T

statistics of the tests reported in parentheses. *, **, *** indicate significance at the 10%, 5% and 1% levels, respectively.
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Table 7: Robustness check — GARCH Multifactor model results

1995-2012 1995-2003 2004-2012
@) (b) (@) (b) @) (b)
US mean
Level -1.752* -1.987** -0.623 -0.926 -6.450*** -6.419***
(1.01) (0.95) (0.85) (1.10) (1.47) (1.51)
Slope -1.958** -1.845** -0.208 -0.533 -3.173** -3.372**
(1.00) (0.92) (1.13) (1.16) (1.29) (1.33)
Curvature -0.199 -0.253 0.033 -0.018 -0.845*** -0.968***
(0.15) (0.16) (0.16) (0.16) (0.29) (0.30)
Market 0.462*** 0.440%*** 0.387*** 0.366*** 1.542%** 1.528***
0.07) (0.06) (0.07) (0.07) (0.15) (0.15)
World 0.200** 0.218*** 0.039 0.081 -0.288** -0.278**
(0.08) (0.07) (0.08) (0.08) (0.14) (0.14)
Volume -0.440** -0.479*** -0.241 -0.287* -0.456 -0.508
(0.17) (0.17) (0.15) (0.15) (0.30) (0.32)
US variance
Level 1.359 -10.090** 1.365** -56.791*** -4.137** -12.525*
(1.18) (4.58) (0.59) (13.74) (1.71) (6.48)
Slope 1.219 2.990 0.976 4516** -2.988** 12.596**
(1.04) (2.49) (0.89) (1.76) (1.47) (6.39)
Curvature -0.480*** -0.024 -0.660*** 0.105 -0.911*** -0.676**
(0.14) (0.26) (0.14) (0.21) (0.23) (0.31)
Adj. R-sq 0.43 0.43 0.31 0.31 0.66 0.66
Wald 83.71*** 11.27* 96.61*** 26.85%** 60.53*** 35.00%**
AU mean
Level -1.296*** -1.291*** -1.306*** -1.322%** -2.181*** -2.346***
(0.29) (0.31) (0.34) (0.34) (0.67) (0.69)
Slope 0.299 0.288 0.305 0.217 0.255 0.331
(0.36) (0.37) (0.48) (0.51) (0.50) 0.47)
Curvature -0.297** -0.243 -0.343** -0.351** -0.378 -0.442
(0.15) (0.16) (0.16) (0.18) (0.30) (0.31)
Market 0.614*** 0.615*** 0.547%** 0.543*** 0.759*** 0.756***
(0.03) (0.03) (0.03) (0.04) (0.06) (0.07)
World -0.006 -0.009 -0.036 -0.040 0.071 0.070
(0.03) (0.03) (0.03) (0.03) (0.07) (0.08)
Volume -0.037 -0.032 0.077 0.081 -0.224 -0.263
(0.09) (0.09) (0.09) (0.10) (0.17) (0.18)
AU variance
Level -0.576* -1.514 -0.607** 20.152 0.107 -5.434
(0.30) (1.87) (0.31) (31.33) 0.77) (8.59)
Slope 0.937 0.395 1.338* 3.240 -1.512** -0.122
(0.63) (0.49) (0.70) (4.01) (0.62) (0.57)
Curvature -0.137 -0.778** -0.111 14.611 -0.152 0.025
(0.21) (0.39) (0.28) (14.11) (0.34) (0.69)
Adj. R-sq 0.39 0.39 0.38 0.38 0.45 0.44
Wald 43.41%** 33.98*** 45.44%** 37.61*** 16.89*** 18.94***
UK mean
Level -0.092 -0.173 -0.213 -0.187 -2.413** -2.047**
(1.03) (0.58) (0.65) (0.70) (1.01) (1.01)
Slope -0.897 -0.736 -0.642 -0.819 0.053 -0.452
(0.70) (0.71) (0.80) (1.07) (1.03) (1.07)
Curvature 0.127 0.022 0.116 0.134 -0.276 -0.381
(0.21) (0.20) (0.19) (0.22) (0.28) (0.29)
Market 0.439*** 0.415%** 0.370*** 0.354*** 0.640*** 0.678***
(0.05) 0.07) (0.06) (0.07) (0.08) (0.09)
World 0.188*** 0.227*** 0.038 0.042 0.415%** 0.361***
(0.04) (0.06) (0.06) (0.06) (0.08) (0.08)
Volume 0.499*** 0.450%** 0.594*** 0.616*** 0.406** 0.358
(0.14) (0.16) (0.17) (0.19) (0.20) (0.25)
UK variance
Level -0.939 3.580 -3.222%** 11.296 0.113 -3.679
(2.52) (8.66) (0.79) (14.85) (1.49) (11.85)
Slope 0.950 2.981 1.710* -7.902*** -3.537** 17.591
(2.84) (4.43) (1.04) (2.55) (1.54) (12.26)
Curvature -0.816 0.319 -0.400** 0.121 -0.622* 1.969
(0.71) (0.76) 0.17) (2.22) (0.34) (1.75)
Adj. R-sq 0.33 0.34 0.21 0.21 0.47 0.47
Wald 59,32%** 2.96 54,15%** 4,55 146.85*** 9.48
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Table 7: Robustness check — GARCH Multifactor model results (continued)

1995-2012 1995-2003 2004-2012
@) (b) @) (b) @) (b)
HK mean
Level -0.248 -0.246 -0.234 -0.343 -0.431 -0.605
(0.31) (0.30) (0.39) (0.40) (0.46) (0.50)
Slope -0.500** -0.493** -0.474* -0.417* -0.480 -0.768**
(0.23) (0.22) (0.27) (0.24) (0.32) (0.32)
Curvature -0.035 -0.023 -0.104 -0.042 -0.162 -0.146
(0.15) (0.14) (0.20) (0.19) (0.19) (0.17)
Market 1.200%** 1.196*** 1.168*** 1.159%** 1.231%** 1.253***
(0.02) (0.02) (0.03) (0.03) (0.03) (0.02)
World -0.030 -0.028 -0.017 -0.012 -0.052 -0.086***
(0.03) (0.03) (0.04) (0.05) (0.04) (0.03)
Volume 0.178** 0.186** 0.329%** 0.296** 0.101 0.067
(0.09) (0.09) (0.11) (0.12) (0.13) (0.14)
HK variance
Level -0.367 0.444 -0.615 -5.801 -0.322 14.063
(0.34) (0.54) (0.78) (3.91) (0.26) (12.24)
Slope -0.084 0.162 -0.178 0.214 -0.479** -1.090***
(0.26) (0.20) (0.59) (0.48) (0.20) (0.14)
Curvature 0.054 -0.065 0.558** 0.881 -0.088 3.211**
(0.14) (0.27) (0.27) (1.16) (0.14) (1.41)
Adj. R-sq 0.87 0.87 0.86 0.86 0.88 0.88
Wald 6.11 7.66 56.70*** 4.00 27.59*** 12.42*
JP mean
Level -0.413 -0.508 -1.103 -0.767 0.238 -0.494
(0.93) (0.94) (0.94) (1.11) (1.32) (1.31)
Slope 2.226 2571 2.264 3.972 0.116 0.878
(2.11) (2.12) (1.79) (2.68) (3.45) (3.43)
Curvature 0.289 0.362 -0.087 0.121 0.355 0.332
(0.44) (0.46) (0.46) (0.56) (0.71) (0.80)
Market 1.209*** 1.206*** 1.230*** 1.236*** 1.130*** 1.130***
(0.04) (0.04) (0.06) (0.07) (0.06) (0.06)
World -0.061 -0.057 -0.136 -0.174** 0.030 0.024
(0.05) (0.05) (0.09) (0.09) (0.07) (0.07)
Volume 1.052%** 1.031*** 1.965%** 1.639*** 0.679*** 0.645**
(0.22) (0.21) (0.37) (0.35) (0.26) (0.28)
JP variance
Level -1.484 0.928 0.257 -0.093 -5.818*** -40.617**
(2.10) (3.13) (4.89) (4.57) (1.87) (18.24)
Slope -3.782 -13.659 -10.345** 7.710 -5.126* 149.625
(3.38) (28.34) (4.61) (45.28) (2.63) (138.71)
Curvature 0.351 0.612 5.283*** -1.309 0.500 3.897
(0.81) (1.30) (0.88) (2.23) (0.67) (3.66)
Adj. R-sq 0.58 0.58 0.50 0.50 0.69 0.69
Wald 5.28 13.16** 32.81*** 19.20*** 23.62%** 6.70
SG mean
Level -0.831 -1.071* -1.554** -1.298* -1.164 -0.843
(0.59) (0.59) (0.78) (0.72) (1.14) (0.89)
Slope -0.758** -0.322 -1.010** -0.677* -0.177 0.231
(0.36) (0.34) (0.42) (0.36) (0.86) (0.69)
Curvature -0.094 -0.065 -0.241 -0.121 -0.150 -0.119
(0.13) (0.13) (0.18) (0.14) (0.18) (0.29)
Market 1.184%** 1.120%** 1.309%** 1.353*** 1.001*** 0.965***
(0.04) (0.03) (0.06) (0.05) (0.06) (0.04)
World -0.022 -0.044 0.150* 0.032 0.091 0.030
(0.04) (0.04) (0.09) (0.07) (0.06) (0.05)
Volume 0.261** 0.226* 0.651** 0.223 0.111 0.134
(0.13) (0.12) (0.27) (0.23) (0.15) (0.14)
SG variance
Level -2.105 0.063 -6.296*** -0.064 -3.198** -2.241
(1.90) (0.40) (1.92) (0.18) (1.43) (4.00)
Slope -1.128 1.543%** -4,235%*** 0.927*** 1.243 10.303***
(1.11) (0.53) (1.40) (0.29) (1.69) (3.28)
Curvature -0.627* -0.034 -1.378*** -0.007 -1.353** -3.709***
(0.33) (0.04) (0.34) (0.01) (0.63) (0.73)
Adj. R-sq 0.67 0.66 0.67 0.67 0.72 0.71
Wald 142.70%** 15.14** 84.32%** 18.22%** 3.25 230.86***
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This table presents the GARCH model results for the model below, estimated over 1995-2012:

Nio=Hoi +Bui - Lig + Boi Six+ Bai -Cio + Bai Ty + Boi Tt + Boi VOl + & 6y =2y ~Oiys OF =8, +8y; -5 +b, -0l +9 X1

where r,., rY and )Y denote weekly logarithmic changes in the domestic securitised real estate, stock market and MSCI world price indexes
respectively attimet. L, ,,$,,,¢;, denote the unexpected changes in the level, slope and curvature of domestic zero-coupon yield curve
respectively, all calculated at time t as the difference between the actual changes in the yield curve level/slope/curvature and ones forecasted via
the appropriate specification of the ARMA model. z;, is a sequence of independent, identically distributed random variables zero mean and unit

variance, implying gi,tld)i,t—l ~ N(O,o-f[) is conditionally normal heteroscedastic error term, @, , is the information set available at time t-1.

it-1
2
i

’, is the conditional variance of the listed real estate index returns at time t. The volatility equation for securitised real estate is interchangeably

O,
augmented in two alternative ways using the vector of the interest rate factors X, :

a)X; =i, = {L|,!—1' Siiar 6M}

b) Xy = h:fm = {huLt—lv hii—lr th}

The table reports coefficient estimates alongside standard errors in parentheses. Wald test reports the 2 -statistics of the test for the joint
significance of the interest rate factors (i.e. 4, = 8,, = £, = 9y, = Uz, = s, = 0) With p-values reported in parentheses. *, **, *** indicate
significance at the 10%, 5% and 1% levels, respectively.
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Table 8: Robustness check — The impact of the term structure on securitised real estate
during the 1997-1998 Asian Crisis and 2007-2008 Global Financial Crisis

L LFC Wald L S sFe Wald S C cr WaldC  Adj.R?
US R, 2018 1589 -0.43 -1.935* 1.803 0.13 0.340%*  1.102%*  0.76* 0.44
(1.08) 2.31) (0.05) (1.07) (2.21) (0.00) (0.17) (0.48) (2.96)
IRin o 1.110 11.972%%% 1086+  1.084 12.439%%%  1135%x  (Q52Q%kx D (34%xx ] Ok
0.77) (1.64) 4869)  (0.76) (1.46) (77.30) (0.13) (0.45) (15.10)
US hf 5.274%  0.458 4.82 0.951 -109.304***  -108.35***  0.006 24128 24.13%**
(3.09) (9.60) (0.29) (1.78) (33.22) (10.68) (0.24) (6.89) (12.20)
AU R, 1331%%* 0115 122 0.199 4.351* 4.55%* -0.261 0922  -118** 036
(0.29) (0.91) (1.97) (0.38) (2.26) (4.19) (0.16) (0.57) (4.59)
IRinch, 0499 0925 0.43 0.737 3521 2.78 -0.253 1799 155
(0.30) (2.06) (0.04) (0.53) (3.60) (0.62) (0.16) (0.99) (2.57)
AU hT 1348 19.762%  21.11%*  0.143 10.396 10.54 0.547%%%  8.068%**  7.52
(1.10) (10.31) (4.36) (0.25) (13.01) (0.65) (0.21) (5.95) (1.59)
UK R,  .0.389 2.961 257 -0.634 -1.589 2.22 0.009 1.133 1.14 0.33
(0.59) (2.01) (1.78) (0.63) (2.15) (1.15) (0.18) (0.83) (1.94)
IRin ol 2724%%* 7357 -10.08* 1016 -2.708 -1.69 -0.496*** -0.830  -1.33
(0.83) (5.89) (3.01) (0.91) (6.09) (0.08) (0.18) (2.19) (0.37)
UK hf 3.436 -8.573 -5.14 -4.507 57.100%* 52.59%* 0.274 0.188 0.46
(6.30) (40.90) (0.02) (2.96) (26.89) (3.87) (0.68) (5.55) (0.01)
HK R .0.205 0.798 0.59 -0.291 -0.553 -0.84%* -0.063 0288  -0.35 0.87
(0.34) (0.78) (0.69) (0.26) (0.45) (5.04) (0.15) (0.30) (1.95)
IRin ol -0.537 0.853 0.32 -0.465 1.114* 0.65 -0.264 0901*  0.64
(0.51) (1.69) (0.04) (0.34) (0.64) (1.96) (0.20) (0.50) (1.98)
HK h 0.560 -0.909 -0.35 0.047 -0.451 -0.40 -0.072 1.340 1.27
(0.54) (8.94) (0.00) (0.33) (0.53) (0.85) (0.34) (1.66) (0.61)
PRy -0.696 3.289%%%  25Q%x 1275 4231 5.46 -0.030 1.787 1.76 058
(0.93) (1.13) (13.65)  (1.77) (5.06) (1.25) (0.39) (1.43) (1.58)
IRinc}  3.834 12.995%%%  -Q16%**  -13.844%%* .32 614 46.46%%  2.820%* 0404 242
(4.45) (4.43) 1172)  (3.41) (21.45) (4.67) (0.69) (5.22) (0.22)
P hT 1.668 -11.806 -10.14 5.549 660.159 665.71 -0.368 8837 921
(3.34) (34.40) (0.09) (35.16) (592.18) (1.27) (1.55) (8.74) (1.17)
SG R, 1.729%%% 1710 -0.02 1.189%%*  0.420 0.77 -0.218 0661  -0.88 0.67
(0.62) (2.13) (0.00) (0.35) (1.48) (0.29) (0.16) (0.68) (1.78)
IRin o -0.962 -3.769 -4.73 -1.014 0.195 -0.82 -0.400 0.637 0.24
(2.33) @.17) (1.80) (1.07) (3.20) (0.07) (0.45) (0.82) (0.11)
SG hy} -0.215 -0.906 112 1534 0.873 241 -0.005 0.411 0.41
(3.30) (3.55) (0.91) (3.47) (4.22) (0.87) (0.36) (1.71) (0.06)

This table reports the results of the following GARCH model estimated over 1995-2012:
L= Moy +Bui- Ly +/81:C L Duic + B Siy +ﬂ2FF S D:lc + /-Gy +ﬁ;ic Gt Duic +y- X+,
where error term using the information set € for country i available at time t—1 is conditionally normal and heteroscedastic and expressed as

&, =12, -0, and 5.,:|9.,H ~ N(O,crf,). {z“} is a sequence of independent, identically distributed random variables zero mean and unit

variance. r,, denote weekly logarithmic price changes on the domestic securitised real estate. Variables L, S, and C are the unexpected changes
in the yield curve level, slope and curvature, all calculated at time t as the difference between the actual changes in the yield curve
level/slope/curvature and ones forecasted via the appropriate specification of the ARMA model. Financial Crisis dummy variable fo takes the
value of one during Asian Financial Crisis of 1997-1998 and Global Financial crisis of 2007-2008. X, is the vector of the control variables that

include market index returns, world index returns and de-trended trading volume. The volatility equation for securitised real estate is
interchangeably augmented in two alternative ways:

ol =8 tay, &t ol 0L+ L, DG+
0z Siea 055 - Siea DS+ 0, Cry + 055 -Cry - DS,
Ol =80+ Eh By ol + O i Ol hG L DS
+0,,-hS L+ 957 - DS + g5 -hG L + 957 -hS L DR,
The table reports coefficient estimates alongside standard errors in parentheses. The total effect of the interest rate changes during the crisis is
tested using Wald tests of the form g, + g7 =0 for the price changes, and g, + 977 =0 for two alternative volatility equations respectively,

with »? -statistics of the tests reported in parentheses. *, **, *** indicate significance at the 10%, 5% and 1% levels, respectively.

44



Figure 1. Factor loadings of Nelson-Siegel using different A’s.
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Figure 2. Yield curves for selected dates alongside fitted (model-based) counterparts
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Figure 3. Evolution of the Nelson-Siegel parameters, 1995-2012
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Figure 4. REIT/Property Company Leverage, 2002-2010
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Endnotes:

"See for example; Chance & Lane (1980), Flannery & James (1984), Bae (1990), Madura & Zarruk
(1995) and Elyasiani & Mansur (1998).

" Plazzi et al. (2008) measures the returns dispersion in the commercial real estate sector, finding that risk
changes can be explained by short-term interest rates and a variable measuring the term-spread.

" Indeed, Litterman & Sheinkman (1991) show that information about of large set of interest rates can be
summarized using a small number of common factors. Based on a Principal Components framework, the
authors identify these factors as the term structure level, steepness, and curvature.

v See BIS paper No.25 by the Bank for International Settlements (2005).

V Bloomberg’s yields on sovereign bonds are generated by the Bloomberg Fair Value (BFV) model,
which utilises well-priced (liquid) bonds with similar characteristics such as issuer, creditworthiness, and
embedded options. Our sample utilises government issued securities which are option-free. The model
also excludes same sector bonds with significantly higher or lower z-spreads. Therefore, concerns
regarding thin trading is minimized for our sample.

Y"1t should be noted that the variation of the Nelson-Siegel model used in this study assumes a constant A
parameter across time. Our approach closely follows the intuition of Diebold & Li (2006), where A is set
to be linked to the medium-term interest rate maturity (e.g. 30 months). One can estimate the model with
a time-varying A similar to Koopman et al. (2010). However, if one employs a time-varying 4 as a fourth
latent factor, the medium-term parameter (curvature) would be no longer linked to the observable
medium-term maturity. To avoid introducing an additional time-varying component in the yield-curve
model we opt to use the fixed A model specification.

“"In an earlier version of the paper we estimated the model using the approach of Diebold & Li (2006),
assuming a consistent decay parameter of 0.0609. Both specifications yield statistically identical results
with regard to the relation between the Nelson-Siegel factors and securitised real estate markets.
However, we felt that the selection approach provides a greater degree of confidence in the individual
country’s results. The results from the earlier version of the paper are available from the authors upon
request.

" e.g. Flannery & James (1984); Bae (1990); Madura & Zarruk (1995); Faff & Howard (1999).

* See also papers such as Dinenis & Staikouras (1998) who consider five alternative models to estimate
unexpected interest rate changes.

* An earlier version of this paper used data from SNL Financial for the U.S. and Thomson Reuters
Datastream for the remaining markets. The results appear to be robust and are not dependent on the
choice of index provider. These findings support those of Serrano & Hoesli (2009) who report high
average correlations between the main providers of listed real estate indices. Serrano & Hoesli (2009)
examined the 1990 to 2007 period and examined indices produced by FTSE/EPRA NAREIT, Thomson
Reuters Datastream, GPR and S&P/Citigroup.

X This figure may be increased to as high as 60% if certain conditions, such as credit ratings being
obtained, are met.

“"In part due for the sake of brevity, we do not report the results for the mean equation from the
augmented volatility GARCH models. The results are very similar to those obtained with the base four-
factor GARCH model reported in Table 3 and previously discussed. The complete results are available
from the authors on request.
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1 The use of sign dummies in interaction with the yield curve factors resolves the multicollineary
problem commonly associated with the use of dummy variables.
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