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Highlights
* Investing directly in commercial real estate is expensive.
* Canshares in listed real estate companies substitute for direct investment?
* New data, new methods, wider geographical investment locations investigated.

* No simple and universally applicable conclusion drawn.

Abstract

Whether returns from investing in real estate shares reflect equity market or real estate market trends
is an important question for investors seeking liquid, low cost exposure to real estate. We consider the
relationship between real estate shares, private real estate investments and equity markets for five real
estate investment locations: Australia, Hong Kong, Singapore, UK and US. We utilise spectral and
cross-spectral techniques to decompose each time series into cyclical components of differing
frequencies. This allows correlations for a range of cyclical components to be analysed. Our results
suggest that returns from real estate shares share a number of short frequency cycles with the equity

market. Longer cycles are evident in both real estate shares and private real estate returns, but these
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cycles are not always shared. Hence, real estate shares and private real estate may not always be close
substitutes, even over longer horizons, but the relationship varies across our locations.
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1 Introduction and motivation

Global assets under management (AUM) were valued at ¢. $69tn in 2016 and the importance
of alternative asset classes in contributing to that total has grown (BCG, 2017). The prominence of
commercial real estate as a major alternative asset class within institutional investment portfolios has
also risen in recent years. Preqin (2016) report that the average allocation to commercial real estate
increased from 6.7% of AUM in 2011 to 8.5% in 2015, while the average target allocation rose from
9.1% to 9.8% over the same period. There are two distinctive ways of investing in commercial real
estate.> One involves direct ownership of real properties such as office towers or shopping malls
while the other is to invest in firms or funds that own real properties, which can be either publicly
listed on stock exchanges or unlisted. The market for real properties is often referred to in the
literature as the private real estate market and that for the publicly listed real estate firms or funds as
the public real estate market.

For institutional investors, the relationship between the performance of publicly listed real
estate firms and the underlying private markets in which they invest is a topic with important
implications for investment strategies. Direct ownership of private real estate requires significant
capital with management responsibilities and little liquidity. To avoid these problems, many
investors instead make investments in either listed real estate shares or unlisted real estate funds
(Baum and Hartzell, 2012). If the performances of the two types of real estates are similar, they can

be regarded as substitutes in a portfolio context, leaving investors to allocate capital between these

! This study does not cover the housing market which concerns mostly individual rather than institutional
investors, and which is extensively studied in a different strand of literature.
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choices based on preferences for liquidity or control, as well as amount of capital available. If they
are dissimilar, then the nature of any differences in performance or risk needs to be understood.

Empirical research has generated mixed findings as to whether private and public real estate
provide similar investment returns through time. Reasons include variations in the periods studied Page | 3
and methods used. Recent studies reviewed in section 2 have used cointegration techniques to try
and address this question. These assume that a time series contains only two components, a short-run
and a long-run component, with a consensus emerging that a long-run relationship does exist even if
the performance of private and public real estate diverges in the short run. However, such techniques
do not address the issue of ‘how short is the short-run and how long is the long-run’. Other research
suggests that there are different lengths of cycles in real estate performance, driven by cycles in
credit, economic activity and urban development (Wheaton, 1999, Barras, 2009). Whether such
cycles are shared between private and listed real estate has rarely been examined and cannot be
addressed using a cointegration-based approach.

As such, we will employ spectral analysis to establish whether multiple regular cycles are
embedded within the seemingly irregular fluctuations that are present in real estate returns data.
Results can then be compared for different series to see whether similar cyclical patterns are evident
in each case. We also use cross-spectral analysis to test the relatedness of a pair of time series at
individual cycles. This includes, but is not limited to, short-run and long-run cycles with the
duration/period of such cycles explicitly estimated. Our results indicate the importance of longer run
cycles in both the public and private real estate markets, but shorter cycles are also important in the
former case, while the relatedness of the pair over longer horizons varies by geographical location,
indicating that private and public real estate investments are not always substitutable even in the
long run. This contrasts with the consensus emerging from other studies.

Furthermore, most studies that have explored such issues have focused on the US and UK
commercial real estate markets, and with aggregate data. We compare the performance of public real
estate to that of private real estate for Australia, Hong Kong, Singapore on top of the UK and the US.
All these are places where mature and highly developed markets for investable real estate exists.

This mix allows markets of different scales in different regions and with different institutional
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arrangements to be examined and contrasted. Since cycles in the real estate sector for office

buildings can vary from those for shopping malls or industrial parks, data aggregated across these

different sectors may blur, or even distort, the analytical results of the researchers. We will thus

explore how results vary with respect to different types of commercial property using sector-level Page | 4
data.

Finally, many earlier studies relied on appraisal based rather than transaction based indices
to measure private real estate returns. However, appraisal based indices are thought to understate the
volatility of real estate and to not capture market turning points in a timely manner.? This has led to
the development of transaction based indices for commercial real estate in some countries. For the
UK and the US, we can make direct comparison of whether the type of index matters for
understanding how private and public real estate markets are linked. For other locations, we use
either appraisal or transaction based series according to data availability. Using transaction indices
does lead to some differences in our results.

We review relevant literature in the next section before discussing the methods in more
detail. The data that we use is then explained prior to presenting the results of our spectral and cross-
spectral analyses. A final section concludes.

2 Previous studies

Investment in private commercial real estate typically entails a large capital cost, while high
transaction costs and lengthy transaction times inhibit frequent trading. In contrast, shares in listed
property companies and Real Estate Investment Trusts (REITS) can be bought in small quantities,
are easier and cheaper to trade, and offer exposure to diversified portfolios of assets. Thus, they are
an attractive alternative method of investing in real estate. Yet the performance of listed real estate
companies can deviate from that of the real estate markets in which they have invested and their

returns tend to be more volatile. Some reasons for this are as follows:

2 For a summary of the issues concerning appraisal based indices, see GELTNER, D., MACGREGOR, B. &
SCHWANN, G. 2003. Appraisal Smoothing and Price Discovery in Real Estate Markets. Urban Studies, 40,
1047-1064. and EDELSTEIN, R. & QUAN, D. 2006. How Does Appraisal Smoothing Bias Real Estate Returns
Measurement? . Journal of Real Estate Finance and Economics, 32, 41-60.
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o Differences in the efficiency with which the public and private markets process price signals
and other price relevant information (Geltner et al., 2003).
o Differences in the types of investor involved with each form of real estate, which may lead to
different behaviours and responses (Barkham and Ward, 1999). Page | 5
e Issues around the legal structure and management of listed real estate firms and the scope of
their activities (whether they solely engage in real estate investment).
e  Use of leverage by listed companies, whereas private real estate indices are typically
constructed on an unlevered based.
e  The appraisal basis of many commercial real estate indices, which contrasts with the use of
price data to construct equity market indices.

Early empirical research noted the higher volatility of public real estate returns when
compared to those from private real estate and a low contemporaneous correlation between them.
Examples are Giliberto (1990), Gyourko and Keim (1992), Myer and Webb (1993), Fisher et al.
(1994), Barkham and Geltner (1995) and Eichholtz and Hartzell (1996). In contrast, high
correlations were found between return rates for public real estate and those for broader equity
markets. Such patterns suggested that investors in public real estate companies did not receive the
same diversification benefits as investors in private real estate. Yet this literature also found that
movements in public real estate returns led those in the private market and had some predictive
power. This was even the case where desmoothing methods were applied to adjust for potential
smoothing and lagging in appraisal based series.®

Most of these early studies focused on the US and on the short run behaviour of returns.*
However, a lead-lag relationship could imply that longer term links exist between these forms of real
estate investment, so subsequent studies explored long run behaviour using cointegration methods.

Wang et al. (1997) demonstrated cointegration between public and private real estate returns for the

3 Desmoothing involves the use of statistical methods to reduce or remove autocorrelation in appraisal based
indices. See Geltner et al. (2003).

4 They also covered periods that predated or overlapped a time of significant change and maturation in the US
REIT sector. See Clayton and MacKinnon (2003).
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UK, with the former found to Granger Cause the latter. Morawski et al. (2008) found cointegration
for public and private real estate in both the UK and the US. Similar findings for four countries
(Australia, Netherlands, UK and US) were reported by Yunus et al. (2012). However, results for the
US in Glascock et al. (2000) and Tuluca et al. (2000) suggest that the relationships are complex, with Page | 6
feedback possible from the private real estate market to the REIT sector. A complex and interlinked
relationship for US asset classes was also suggested in work by (Nneji et al., 2013) on speculative
bubbles. In all these cases, appraisal based series were used for private real estate returns.

Transaction based indices for real estate investment markets are less common, but several
series exist for US commercial real estate. Oikarinen et al. (2011) used appraisal and transaction
based indices to examine both short and long run dynamics between US private and public real
estate. In each case, they found cointegration with an index for Equity REITs and that it was private
real estate returns, not REIT returns, which adjusted to restore the relationship. In contrast, they did
not find cointegration between any of these series and the US stock market. This suggests that public
and private real estate offer similar diversification benefits over a long horizon. The appraisal based
series lagged the REIT index by more than the transaction based index, but the authors noted that
“since REIT returns lead also the transaction-based returns, the perceived lead-lag relation cannot
only be attributed to appraisal smoothing effects” (p96).

Morawski et al. (2008) used an early US transaction index to check their correlation analysis
of public and private real estate markets. They found that the lag from public to private real estate
returns was reduced when a transaction index for private real estate was used, but it was not
eliminated. Boudry et al. (2012) and Hoesli and Oikarinen (2012) used sector level transaction based
indices to explore whether links between US private and public real estate were stronger at a more
disaggregate level. The results of these studies affirm that REITs and the private market are linked in
the long run, but disagree on whether adjustment to that relationship occurs in the returns of just one
or both forms of real estate. However, Hoesli and Oikarinen used a wider range of tests and catered
for leverage and economic influences when finding that predictability ran solely from the public to

the private market.
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Finally, Chan et al. (2011) explored relationships between US private real estate, Treasury
bonds, equities, oil and gold. Using Markov switching models, they distinguished two regimes: an
expansionary regime with positive returns for real estate and equities, and a crisis regime where
returns were negative for these assets and stronger for Treasury bonds and gold. The correlation Page | 7
between equities and real estate increased during the crisis regime (see also Nneji et al. (2013)).
Rather than use commercial real estate data, they utilised the Case-Shiller home price index, which
is transaction based and published at a relatively high frequency. However, this does not correspond
to the type of real estate that is commonly held in institutional investor portfolios and their study did
not examine the performance of listed real estate companies either.

Studies for the US that use transaction based indices support the notion that, while linked in
the long run, important differences exist between the performance of private and public real estate
markets. Yet there is limited research on this outside a US context and it has relied primarily on
cointegration to test the relationships. While cointegration is more sophisticated than analysing
correlations or estimating standard linear regression models, all of these methods are time domain
techniques that are typically applied within a linear framework. As such, they work well where asset
returns are governed by linear dynamic systems, but they cannot detect non-linear dependencies and
they also tend to assume a Gaussian distribution in return rates. These features are problematic when
trying to identify the presence of different cycles in seemingly irregular real estate returns data.

Therefore, this study compares the cyclical properties of capital return rates using spectral
and cross-spectral analysis, which are frequency domain techniques. Application of such techniques
to private real estate prices or returns is rare. The closest comparator to our study is that of Brown
and Liow (2001) who used spectral and cross-spectral analysis to compare aggregated private and
public real estate prices in Singapore. They found evidence of an eight-year cycle in both private and
public real estate markets, a high degree of coherence for this cycle and an insignificant lag on the
part of the private real estate market.

Also related are the studies of Oppenheimer and Grissom (1998) and Wilson and Okunev
(1999) who used these techniques to compare public real estate with the wider equity market. Both

studies found that the returns for public real estate and stocks were significantly correlated at a
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common cycle, but the duration of this cycle varied between countries. Meanwhile, Liow (2007)
compared public real estate returns across different countries to see if cycles were shared, thus
reducing the potential for diversification. He compared public real estate in the UK, Japan,
Singapore, Hong Kong and Malaysia, finding that the strongest links between cycles existed across
the latter three markets.
3 Methods: Spectral and cross spectral analyses

Spectral analysis involves decomposing a series into the sum of a number of cosine and sine
components, a pair of which of the same frequency corresponds to a cycle of a particular duration.
The amount of variance that is explained by a particular cycle can be plotted in the form of a spectral
density diagram, analogous to a histogram, in which the peaks disclose the cycle lengths that are
most important in the data to hand.

Consider a stationary random process of the form
X, = Yfq aje 1
where @, j = 1, ...k, is a set of real numbers with |oj| < tand a;, j = 1, ..., k, a set of

independent, complex random variables with

E[a;] =0,Vj 2
E[a;a;] = o}, vj 3
Elaja;] =0,vj # k 4

where a; is the conjugate of a;. For each j,

ajei“’itt = aj(coswjt + i sinw;t) 5

which is a periodic function with frequency wj/2x cycles per unit of time, and period 27/ o
units of time per cycle. The element w; is called the angular frequency measured in radians per time
unit. The autocovariance of X; has a spectral representation of the form

e = [ €' dF (w) 6

where F() is the power spectral distribution function. When F() is absolutely continuous,

the above expression can be written as

Page | 8
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pe =" e f(w)dw 7

with f() the power spectrum of the random process X:. For a real, stationary process with 0<

Wj < T,
o Page | 9
pe =2 [ costof(w)dw 8
All spectral estimates are of the form
2 1
f(wi) o (MO + Z;cnzl |15 COSka)]-) 9

where w; = % ,J =0, ..., m, with m the cut-off point or number of lags used. The
covariance estimate Cy is similar to

Cr = ﬁ (Z?:]k Xt Xt+k — :1,‘2?=1+k Xt Z?;lk xt+k) 10

A weight Ak is assigned to covariance of different lags. Different weights and smoothing

formula are used in different spectral estimating approaches (for example, Tukey-Hanning and

Parzen).

The (100 - o)% confidence interval of f(w;), v/ is given by

[To(m,n)f(w)), T, (m,n)f(w))] 11
Or
[logT,(m,n) + logf(w;),logT,' (m,n) + logf(w;)] 12

For Tukey —Hanning and Parzen estimates,

2 2
To(m,n) =2100=2® ang T,/(m,n) = 28 13

where n is the number of observations in the sample, m the number of lags used and k is the
equivalent degree of freedom (‘equivalent’ because the data may not be exactly normally
distributed) with k = 2n/m.

For two different series, it is possible that only some of the cycles occurring in one also
occur in the other. For instance, there may be short run fluctuations in the liquid public real estate
market that are not replicated in the illiquid private real estate market. Such movements could distort

correlations averaged over a given sample period (commonly used in the literature) even though long
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term cycles are shared by both series. In this case, cross-spectral analysis can be used to identify the
correspondence between series at individual cycle level, as well as any lead-lag relationships that
may be present (see (Granger, 1969) and (lacobucci, 2005).

Consider a pair of real bivariate stationary processes X; and Y; with absolutely continuous
spectral density functions. Their autocovariances are respectively pu(t) and pyy(t) and cross-
covariance pyy(t) with spectral representations as follows

Wer(T) = 2 f: costw f(w)dw 14
Hyy(T) = 2 f: costw f(w)dw 15
My (T) = 2 fon costw c(w)dw — 2 fon sintw q(w)dw

= f_”nei"" C, (w)dw 16

where f,(w) and £, (w) are the power spectra of the processes X: and Y: respectively,
c(w) is the co-spectrum, q(w) the quadrature spectrum, and

C,.(w) =clw)+igq(w) 17
is known as the power cross-spectrum between X: and Y:. These functions obey the

coherence-inequality:

(@) + ¢* (@) < fr(w)fy(w) 18

Inverting the covariance function above gives

fr(@) = 5 (x(0) + 2 T2 Py (7) cOST) 19
fy(@) = 5= (Hyy(0) + 2 521 1 (7) cosT®) 20
e@) = 5 (xy(0) + 2521 (D) + (D) cOsTO) 21
4(@) = 1 (271 (1x(®) ~ (@) sintw) 22

A measure of the correlation between the frequency components of the two processes is
given by

(@) +q* (w)

C@) = w

0<Clw)<1 23

which is called the coherence between X; and Y and w.

Page | 10
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C(w) is a scaled measure of covariance that is bounded by 0 and 1 and which is analogous
to the square of the correlation coefficient between two samples. A plot of C(w) against angular

frequency o over 0 < w < m produces a coherence diagram. The critical value of C(w) is given by

Page | 11

J <1 —exp (nl;l;“_)l)> where a is the predetermined significance level, n the number of observations

and m the number of frequency bands estimated (see (Granger, 1964) page 79).
The same frequency component shared by two processes may be out of phase; for example,
the w; frequency component of the public real estate index may lead the same component of the

private real estate index by 2 quarters. A measure of the phase difference is

¢(w) = tan™! (M) 24

c(w)

And the plot of ¢(w) against w over 0 < w < m is called the phase diagram. Both C()
and ¢(w) can be estimated using sample data. Together, they capture the strength of any
correspondence between the series being compared and the extent to which a shared cycle in one
series leads or lags the emergence of that cycle in the other series. The confidence bands for phase
angle can be found in Granger and Hatanaka (1964), p.80.

4 Data

Quarterly data were obtained on the performance of private real estate, public real estate and
equity markets up to Q4 2013 or Q1 2014 for Australia, Hong Kong, Singapore, the UK and the US
(Table 1). In all cases, capital return rates expressed in local currency terms were used because total
return series were not consistently available. For equity markets, the indices used were the Australia
All Ordinaries Price Index, the Hong Kong Hang Seng Price Index, the Singapore Straits Times
Index, the UK FTSE All Share Index and the S&P 500 for the USA. For all countries except the US,
the DataStream indices for the listed real estate sector were chosen on the basis that these offered the
longest time series. Listed real estate series for the US were obtained from the National Association
of Real Estate Investment Trusts (NAREIT), including indices for REITs that invest in different

types of real estate.
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In the UK and US, private real estate series were available on a transaction and an appraisal
basis, but we could only obtain appraisal based indices for Australia. The appraisal based indices for
the US are published by the National Council of Real Estate Investment Fiduciaries (NCREIF) while
MSCI produces such indices for Australia and the UK.5 The MSCI and NCREIF indices are Page | 12
constructed using data from properties owned by major institutional investors. They are value
weighted series and exclude the effects of any leverage or trading activity.® For the UK, the appraisal
series used here is based on a monthly index that allowed quarterly return rates to be computed back
to 1987. A comparable quarterly index produced by Jones Lang LaSalle then allowed extension back
to Q2 1977.

The transaction based indices for US private real estate were produced by the MIT Centre
for Real Estate in collaboration with NCREIF. The construction of these indices is discussed in
detail by Fisher et al. (2007). They are derived from regressions of a sample of sale prices on to
preceding appraisals and time dummy variables. A similar method was applied to the MSCI data by
Devaney and Martinez Diaz (2011) to create transaction based price series for the UK. For Hong
Kong, transaction based series track commercial real estate prices at sector level. These are compiled
by the Rating and Valuation Department of Hong Kong. For Singapore, sector level transaction price
series are produced and released by the Urban Redevelopment Authority.

The different series are summarised by Table 1, which shows the period for which each
series was available, the number of observations and some basic descriptive statistics: mean,
standard deviation and first order autocorrelation. Real estate equities exhibit higher average capital
return rates than private real estate and the average return rate is sometimes higher than that of the
wider equity market. They also have the most volatile capital returns in all countries, outstripping
private real estate and the equity market. Meanwhile, the appraisal based return rates for private real

estate are less volatile than the corresponding transaction based rates and they exhibit high levels of

5> The MSCI series are a continuation of indices that were formerly produced by Investment Property Databank
6 See MSCI (2016) and NCREIF (2015) for more details.
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first order autocorrelation, which accords with the literature on appraisal smoothing (see Geltner et
al. (2003)).
Finally, contemporaneous correlations between public real estate return rates and equity
market return rates were 0.78 in the case of Australia, 0.94 for Hong Kong, 0.91 for Singapore, 0.79  Page | 13
for the UK and 0.62 for the US. In comparison, the correlations between public and private real
estate returns were between 0.1 and 0.2 for Australia, Hong Kong and the US, between 0.2 and 0.3
for Singapore and around 0.3 for the UK; the basis of the private real estate index makes little
difference to this. The stronger contemporaneous correspondence between public real estate and the
wider equity market is consistent with earlier research, but this measure is too crude to capture how
strongly series might be related at different cycle lengths.

5 Results

Most long economic time series, after removing the trend component, exhibit a series of
long irregular fluctuations. These irregularities may arise as the aggregate expression of some
regular cycles. The most important of these cycles for real estate markets are likely to be the urban
development cycle (16 — 20 years), the property development cycle (8 — 10 years) and the business
cycle (4 — 5 years) (Barras, 2009). There could also be higher frequency cycles such as Mack’s sub-
cycle (2 years) and an annual component, which is also called a seasonal variation.

The method we employ requires a sample of at least seven times the period of a cycle to be
estimated to confirm its existence (see Granger and Hatanaka (1964) page 17). That means, in most
of the cases in our sample, the longest cycle we can confirm is the business cycle (Table 2 Panel A).
We nevertheless report (but not confirm) longer cycles, in Table 2 Panel B, when the estimated
spectral densities are very high at their corresponding frequency bands which are also often
accompanied by their repeated harmonics supporting their existence (c.f. Granger and Hatanaka
(1964) page 63). Identified cycles which have period shorter than 1/7" of the samples are recorded in
Table 2 Panel C. Within each country, when a cyclical component is shared and significantly
correlated across markets or sectors, the corresponding significance level of their coherence and the

lead/lag relationship (measured by a phase difference) are noted in the same table for ease of
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reference. In that event, the coherence and phase are also plotted pairwise in a diagram and displayed
in Figure 3.

Note: (i) Panel A lists the benchmark cycles which have durations equal to 1/7%" of their corresponding sample;
panel B lists cycles strongly suggested by the spectral density plots but have durations longer than their
corresponding benchmark cycles; panel C lists cycles with durations shorter than those of the corresponding
benchmark cycles. All numbers are in quarters (ii) The section titled “Cycle” displays the cyclical components of
a series while the section titled “C&PH” (coherence and phase) displays the lead-lag relation between a pair of
significantly correlated component. A positive number for the pair X_Y means X leads Y, otherwise X lags
behind Y, e.g. Hong Kong public real estate leads the equity market by 0.06 quarters at the 23.5-quarter cycle
but lags behind by 0.7 quarters at the 13.4-quarter cycle. (iii) *, **, *** indicates shared components are
significantly correlated at 10%, 5% and 1% respectively. (iv) The critical value for coherence is given

Page | 14

by \/ (1 —exp (:7;“_1)), where a = significance level, n = sample size. We have chosen m = the nearest integer

of n/3 in our estimation. (v) The calculation of phase difference is based on Granger and Hatanaka (1964), p.
97-8. (vi) V = appraisal based index; T = transaction based index; E = public real estate; EQ = equity market; A
=apartment; | = industrial; O = office; R = retail.

To maximise the number of observations for detecting cyclical components, spectral
analysis was performed on the entire time series available in each case. Meanwhile, cross-spectral
analysis for the identification of a pairwise significant coherence at a shared component was
conducted over the full period for which both were available. Spectral density plots for the private
real estate series are shown in Figure 1 and for the public real estate and equity series in Figure 2.
From these figures, it is clear that low-frequency (long) cycles are typically the most influential in
private real estate and make a major contribution to the total variance of the respective series. Within
the private real estate market, it is usually the office sector where cycles in prices appear to be most
visible. In contrast, for public real estate markets, shorter cycles appear to be just as influential as
long term cycles. It is also obvious from these plots that, within a country, cycles in public real estate
returns exhibit similar frequencies to those shown by the wider equity market and not to those of
private real estate. In what follows, we will discuss these and other features in detail.

5.1 Publicreal estate vs. equity

In Australia, public real estate and the equity market share a 2.8-quarter cycle and a 6.3-year cycle’,

yet they are not significantly correlated across the two markets even at the level. In UK, the public

" Technically speaking, our sample is slightly shorter than required to confirm this 6.3-year cycle. To
confidently estimate a cycle of this length, we need 177 quarters’ observations when in fact we have 164
quarters’ and 172 quarters’ observation for the public RE and the equity market respectively (see Table 1&2).
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real estate and equity markets share a 7-year, a 2.1-year, a 1.3-year and a 3.7-quarter cycle. The two

markets are not significantly correlated at any of these cycles, though. In the US, the spectral density

plots spell a shared 7-year cycle between the public real estate and the equity market with the caveat

that it is longer than 1/7%" of the sample. The two markets also share a 2.2-year, a 2-year and a 2.6- Page | 15
quarter cycle which are well within the range allowed by the sample length. Like in the UK, these

two markets are not significantly correlated at any of these four components.

In contrast, in Hong Kong, the public real estate market shares five cyclical components with
the equity market: a 5.9-year, a 3.4-year, a 1.8-year, a 3.48-quarter and a 2.9-quarter cycle, with the
last one the most dominant in both. These two markets are significantly correlated at the 1% level at
the three low frequency cycles and at 5% at the two high frequency cycles. The public real estate
market moves in near tandem with the equity market at the 5.9-year and the 3.48-quarter cycle, lags
it by 0.7 quarters at the 3.4-year cycle, but leads it by 1.73 quarters and 0.48 quarters at the 1.8-year
and 2.9-quarter cycle respectively.

Similarly, the public real estate market in Singapore appears to share three cycles of different
durations with the equity market: 2.8-year, 1.5-year, and 3.5-quarter. The two series are significantly
correlated at all three components at 1%, 10% and 1% respectively (see Table 2). Public real estate
lags the wider equity market by 0.22 quarters at the 2.8-year cycle, but leads it at the 3.5-quarter
cycle while moving in near tandem with the latter at the 1.5-year cycle. This suggests that the nature
of the relationship is complex and cannot be easily characterised as one market always leading or
lagging the other.

5.2 Public vs. private real estate
In Australia, no common component could be detected between the private and public real estate
markets. In Hong Kong, like in Australia, the public and private real estate market share no cyclical
components. In Singapore, although the density plots suggest tentatively that the public real estate
market shares an 8.5-year cycle with all three sectors of the private market, the coherence is below
the critical values at the conventional significance levels. The plots also suggest that the public real

estate shares a 6.3-year cycle with the office and retail sectors (which is also shared by the equity
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market), but their coherences again are below the critical values. This contrasts with Brown and
Liow (2001), who suggested a shared 8 year cycle between public real estate and the aggregated
private real estate market, as well as significant co-movement between them, with the former leading
in the short-run. Page | 16

In UK, we found that public real estate is significantly correlated with the retail sector at a
7-year cycle at 5% level. This is true whether the latter is measured using a transaction or an
appraisal index. When transaction data is used, the estimates indicate that the retail sector leads the
public real estate market by 0.37 quarters and, when an appraisal index is used, the two markets
appear to have hardly any phase difference at this shared cycle. The significant coherence at this
shared cycle is not revealed using the aggregate ‘all property’ series for the private market. It also
contrasts with the conventional wisdom as to how public and private real estate markets are linked,
showing the importance of examining these links at different cycle frequencies.

In the US, when aggregate ‘all property’ data are used for private real estate, again, no shared
components are identified between the public and private markets. Using sector-level data and
transaction based indices, the estimated coherence suggests that these two markets are significantly
correlated at the 5% significance level at a 5.5-year cycle in the apartment and industrial sectors, and
at the 10% level in the office sector. In contrast, using appraisal based indices, we only found
significant coherence at this shared component in the industrial sector. Using transaction based
indices also helps us to pick up higher frequency cycles that are missing in the appraisal series (see
Table 2). Like in the UK, the private market leads the public real estate market in all the sectors
where significance in coherence is established. Based on the transaction index, the private leads the
public market respectively by 0.4, 1.7 and 3.6 quarters for the apartment, industrial and office
sectors. This differs markedly from prior research because the behaviour of longer cycles rather than
period-by-period return rates is now being examined.

5.3 Across the sectors
In Australia, the spectral density plots suggest that the private real estate is dominated by a low

frequency cycle with a period of 9.5 years or longer (Figure 1), with the industrial and office sector
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significantly correlated at this component at 1%. To confirm its existence with confidence, however,

one needs at least 66.5 years of observations. In Hong Kong, the office and the retail sectors share

two components: a 3.1-year and a 1.7-year cycle with the former cycle contributing more to the total

variance in each case. The two sectors are also significantly correlated at these two cycles at 10% Page | 17
and 5% respectively, while retail leads office by 0.7 quarters at the 3.1-year cycle but lags office by

0.3 quarters at the 1.7-year cycle. We detected five components in the industrial sector, none of

which are shared with any other sector

The three sectors of the private market in Singapore appear to be significantly correlated at
the shared 8.5-year cyclical component with retail leading industrial by 0.6 quarters which, in turn,
leads office by 0.8 quarters. The retail and office sectors are also significantly correlated at a 6.4-year
cycle, with retail leading office by 2.1 quarters. Formally confirming the existence of these two
cycles would require a longer sample. The leading position of the industrial sector over the office
sector can be confirmed at a 1.3-year cycle.

In UK, we found that the three sectors of the private market are significantly correlated at a
5.25-year cycle. The retail sector leads the office sector (by 1.0 or 2.0 quarters depending on the use
of transaction or appraisal data), which, in turn, leads the industrial sector (by 0.4 or 0.3 quarters
depending on the use of transaction or appraisal data). The sectors also appear to be significantly
correlated at a 7-year cycle, with retail leading industrial by 0.8 quarters and office leading industrial
by 2.9 quarters when measured with transaction based data. Significance is only established from the
appraisal data at this component between office and industrial sectors, with office leading industrial
by 2.5 quarters.® Using the appraisal series, we further found that the office sector leads both
industrial and retail sectors at the minor higher frequency cycles.

In the public real estate market of the US, the apartment sector is significantly correlated with
the industrial and the office sectors at the 5.5-year cycle, as is the industrial sector with the office
and the retail sectors at either 5% or 10% level, with industrial leading apartment, office and retail

by 0.37, 0.87 and 0.88 quarters respectively. Meanwhile, the apartment and the retail sector are

8 Bear in mind however that we are unable to formally confirm results related to these two cycles for private
real estate until more observations become available.
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significantly correlated at 5% at their shared 1.2-year cycle, with apartment leading retail by 0.1
quarters.

In the private real estate market of the US, using appraisal indices, we establish significant
coherence at the 5.5-year cycle between apartment and industrial, apartment and office, and Page | 18
industrial and office sectors at the 1% or 5% level and the three sectors move in near perfect tandem.
Using transaction based indices, significance at this cyclical component is also established across all
sectors at either 1%, 5% or 10%, with office leading the industrial by 0.65 quarters, industrial
leading apartment by 0.36 quarters, and apartment leading retail by 0.64 quarters. The only
inconsistency between these results is the lead/lag relationship between industrial and office. We
also found significant coherence at a 1.2-year cycle at 1% level between retail and industrial sector
in the private market when transaction indices are used, with the industrial sector leading retail by
0.59 quarters.

5.4 Transaction vs. appraisal indices

From discussion elsewhere in section 5, we can see that use of transaction based series for
private real estate returns does modify the results in ways that cannot always be dismissed as minor.
Therefore, to understand the relationship between transaction and appraisal indices further, we
conducted additional cross spectral analyses for the UK and the US where both types of indices are
available.

In the UK, the two indices are significantly correlated at 1% at both the 7-year and the 5.3-
year cycles. When measured using aggregate ‘all property’ data, the transaction index leads the
appraisal index by 0.1 quarters at the 7-year cycle but lags the latter by 0.1 quarters at the 5.3-year
cycle. When measured at sector level, the same pattern is exhibited only by the retail sector. The
transaction index lags the appraisal index in the industrial sector, but leads the latter in the office
sector. The phase difference between the two types of indices is less than 0.3 quarters in all cases. In
the US, the two types of private real estate index are significantly correlated at the 5.5-year cycle at

the 1%, 5% or 10% significance levels. Surprisingly, the transaction indices lag the appraisal indices
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in all sectors by values of 0.4 to 1 quarters in length (Table 2). This also contrasts with the findings

of other studies that deploy time domain techniques to study these relationships.

6 Conclusion Page | 19

Previous studies have explored whether the performance of real estate shares is related more
to the equity market or the private real estate market. Most of this literature has examined the
question using time domain techniques, with many recent studies relying on cointegration as the
principal method of analysis. In contrast, we utilise spectral and cross-spectral analysis together with
sector-level real estate data to re-examine this question. The main advantages of these techniques are
their ability to decompose a return series into different cyclical components and to measure how
strongly related a pair of series are at frequency bands corresponding to these components.

Furthermore, most previous studies in this area have used appraisal based indices to measure
private real estate performance. In this study, we test whether the use of transaction based series
would lead to different findings for the UK and the US, where both types of indices are available.
We found that, although the two types of index are strongly correlated at some low-frequency
components in both countries, the relatedness of public and private real estate markets across sectors
and the associated lead-lag relationships vary considerably with the type of index used.

An important concern of commercial real estate investors is whether buying real estate
equities can be used as a substitute for investing directly in real estate markets. The results of our
analysis feature important geographical differences. For example, we found no shared cyclical
components between public and private real estate in Australia, but results for the UK and US
resemble the conventional wisdom that private and public real estate are linked in the long run.
However, our use of sector-level data allows us to reveal more detailed information. For instance, we
found (using either transaction or appraisal data) that only the retail sector is significantly correlated
with the public real estate market in the UK. In the case of US, transaction data shows associations
between public real estate and the apartment, industrial and office sectors, but not retail. Different to

previous studies, but perhaps in line with research suggesting feedback effects, we also found that
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the private market in the US leads the public market when lower frequency cycles are considered.
There are also interesting relationships between different sectors of the private real estate market.

To sum up, we examined the relatedness of investment returns for private real estate, public
real estate and general equities. We built on earlier literature by adopting different techniques and Page | 20
rarely used sector level data, by testing transaction as well as appraisal based indices for private real
estate, and by covering five important commercial real estate locations in different parts of the
world. Our analyses suggest that each time series scrutinized contains a major low-frequency cycle
and one or more minor higher-frequency cycle(s). Within the same country, cycles are generally
uniform in duration across different sectors of the private real estate market, but they differ across
the private and public real estate markets. As for the relatedness of the three investment options and
the lead-lag relationships between them, there is no universally applicable conclusion. Hence,

investors must exercise caution when moving outside their conventional investment locations.
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Figures

Figure 1 Spectral density plots — private real estate. A peak indicates either a cycle or the harmonic of a cycle

with the duration measured in quarters along the horizontal axis.
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Figure 2 Spectral density plots — public real estate and equity.
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Figure 3 Coherence and phase angle — private RE, public RE and equity: Only significantly correlated
markets/sectors are plotted. (i) coherences are measured by the left axis and phase angles in rad by the right
axis. (ii)The horizontal axis indicates the period (in quarters) of each cyclical component. (iii) (T) = transaction
based index; (V) = appraisal based index; (E) = public real estate.
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Figure 4 Coherence and phase angle —sectors' Only significantly correlated markets/sectors are plotted. (i)
coherences are measured by the left axis and phase angles in rad by the right axis. (ii)The horizontal axis

indicates the period (in quarters) of each cyclical component. (iii) (T) = transaction based index; (V) = appraisal

based index; (E) = public real estate.
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Figure 5 Coherence and phase angle — transaction and appraisal indices for private RE. Only significantly

correlated markets/sectors are plotted. (i) coherences are measured by the left axis and phase angles in rad by
the right axis. (ii)The horizontal axis indicates the period (in quarters) of each cyclical component. (iii) (T) =

transaction based index; (V) = appraisal based index; (E) = public real estate.
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Table 1 Descriptive statistics for capital return series. Data are collected from various sources as described in
the main text. T_ = transaction based index; VV_ = appraisal based index; E_ = real estate equities; EQ = general

equities; _All = all property; _A = apartments; _| = industrial; _O = office; _R = retail.

Period Count Mean S.D. Auto-correlation
Australia
V_All 1984Q4 - 201304 116 0.63 2.09 0.94
V_I 1984Q4 - 201304 116 0.41 1.90 0.90
V_O 198404 —2013Q4 116 0.41 2.55 0.94
V_R 198404 —2013Q4 116 1.08 1.28 0.91
E_All 1973Q1-2014Q1 164 1.96 11.56 0.08
EQ 1971Q1 -2014Q1 172 2.09 9.59 0.02
Hong Kong
T 1978Q4 -2014Q1 141 2.37 6.37 0.61
T_0 1986Q1 -2014Q1 112 2.74 8.33 0.57
TR 197804 - 2014Q1 141 2.74 6.72 0.51
E_All 1973Q1 -2014Q1 164 4.19 22.72 -0.06
EQ 1973Q1 -2014Q1 198 4.19 17.01 0.00
Singapore
T 1975Q1 - 2014Q1 156 1.69 7.02 0.63
T.0 1975Q1 - 2014Q1 157 1.75 8.93 0.69
TR 1975Q1 - 2013Q4 156 1.04 7.32 0.07
E_All 1973Q1 -2014Q1 165 2.99 21.04 0.05
EQ 1973Q1 - 2014Q1 165 2.60 14.12 0.04
The United Kingdom
T_All 1981Q4 - 201304 128 0.69 4.37 0.23
T 198104 —-2013Q4 128 0.57 5.57 -0.12
T_O 198104 —-2013Q4 128 0.53 5.49 0.00
TR 198104 —-2013Q4 128 1.01 4.45 0.22
V_All 1977Q2 -2013Q4 146 0.87 2.97 0.80
V_I 1977Q2 - 201304 146 0.79 3.16 0.82
V_O 1977Q2 - 201304 146 0.65 3.18 0.80
V_R 1977Q2 - 201304 146 1.29 3.29 0.71
E_All 1965Q1 -2014Q1 196 2.63 13.46 0.02
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EQ 1965Q1 -2014Q1 207 2.28 10.20 0.06
The United States
T_All 1984Q1 -2014Q1 120 0.87 6.13 -0.16
TA 1994Q1 -2011Q1 68 1.48 5.75 -0.15
T 1994Q1 -2011Q1 68 1.20 5.79 -0.13
T O 1994Q1-2011Q1 68 1.34 5.50 -0.11
TR 1994Q1 - 2011Q1 68 1.10 582 012
V_All 1977Q4 -2014Q1 145 0.41 213 0.77
V_A 1977Q4 -2014Q1 145 0.82 2.20 0.75
V_I 1977Q4 - 2014Q1 145 0.35 2.12 0.79
V_O 1977Q4 - 2014Q1 145 0.27 2.82 0.67
V_R 1977Q4 -2014Q1 145 0.53 1.91 0.63
E_All 1971Q4 -2014Q1 169 1.42 8.85 0.13
E_A 199304 -2014Q1 81 1.86 10.12 0.12
E_I 199304 —-2014Q1 81 1.80 12.84 0.25
E_O 199304 -2014Q1 81 2.01 11.19 0.21
E_R 199304 -2014Q1 81 2.03 11.47 0.14
EQ 1971Q4 -2014Q1 201 1.94 8.08 0.09
Table 2 Cyclical components by periods (in quarters)
Output | Index | Sector Cyclical components
Type
A B
Australia
Cycle \ All 16.57 38.00
| 16.57 38.00
(0] 16.57 38.00
R 16.57 38.00
E 23.43 25.33 2.81
EQ 24.57 25.33 2.81 2.45 2.38 <=2.00
Hong Kong
Cycle T | 20.14 .10.57 6.17 3.89 3.22 2.24
[0} 16.00 12.33 6.73 2.11
R 20.14 12.33 6.73 3.22
E 23.43 23.50 13.43 7.23 3.48 2.85
EQ 23.43 23.50 13.43 7.23 3.48 2.85 2.47 2.09
C&PH T I_O0 **%0.14
O_R * 40,26
0.68
E_EQ **0.06 *E **1.73 HAE **%0.48
0.65 0.06
Singapore
Cycle T | 22.29 34.00 7.85 5.37 3.29
[0} 22.29 34.00 25.50 5.37 3.92 3.40 2.22 | <=2.00
R 22.29 34.00 25.50 11.33 3.64 2.37 2.32
E 23.57 34.00 25.50 11.33 6.00 3.52 2.62
EQ 23.57 25.50 11.33 6.00 3.52
C&PH T I_0 **0.81 **2.57
IR **.0.59
OR D) T
1.62 2.09
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E_EQ FEE *0.05 ***0.62
0.22
The United Kingdom
Cycle T All 18.29 28.00 21.00 2.90
| 18.29 28.00 21.00 8.40 5.25 3.82 2.90 2.33
(0] 18.29 28.00 21.00 5.25 3.65 2.71
R 18.29 28.00 21.00 7.64 5.25 2.47
Vv All 20.86 28.00 21.00 5.25 3.65
| 20.86 28.00 21.00 5.25 3.65
(0] 20.86 28.00 21.00 5.25 3.65
R 20.86 28.00 21.00 5.25 3.65
E 28.00 28.00 8.40 5.25 3.65 2.71 2.40
EQ 28.00 28.00 8.40 5.25 3.65
C&PH TE R_E *%.0.37
V_E R_E *%0.02
T I_O0 **.2.91 **.0.41
I_R *-0.81 **-1.69
OR *-1.00
v .0 **.).54 *Hk *.0.13
0.31
I_R *-2.44
O_R *-2.03 **0.08 **1.76
TV All #%%0.09 ok
0.07
| ork ok
0.11 0.20
(0] ***0.18 | ***0.09
R *%%( 27 TR
0.09
The United States
Cycle T All 17.14 25.33 4.00 3.17 2.38
A 9.71 22.00 2.32
| 9.71 22.00 4.89 2.32
(0] 9.71 22.00 2.32
9.71 22.00 4.89
\ All 20.71 32.00 3.84
A 20.71 22.00
| 20.71 22.00
(0] 20.71 22.00
20.71 22.00
E All 24.14 28.00 22.40 8.62 8.00 5.89 4.87 2.60 2.07
A 11.57 22.00 4.89 2.59
[ 11.57 22.00
(0] 11.57 22.00 14.67
11.57 22.00 14.67 4.89
EQ 24.14 28.00 8.62 8.00 5.33 5.09 3.61 2.60 <2.00
c&PH | T E A *%0.35
| **1.70
(0] *3.60
V_E I **2.64
E Al *.0.37
A_O *%0.29
AR *%0.12
(e} *0.87
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I_R **0.88
T Al o
B 0.36
A O **.1.03
AR **0.64
ie) ook _
B 0.65
R #*.0.92 -0.59
RO *.1.63
V A I kokk_
B 0.01
A O **.0.01
) *$%0.00
TV A *%.0.42
| ook _
0.98
0 okok_
0.68
R *.0.96
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