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Abstract 

This paper examines the major potential drivers of five international real estate 

markets with a focus on pushing versus pulling effects. Using a quantile regression 

approach for the period 2000-2015 we examine the coefficients during three different 

market conditions: downward (bearish), normal (median) and upward (bullish). Using 

monthly data we look at five of the larger securitized property markets, namely, the 

US, UK, Australia, Singapore and Hong Kong. We find inconclusively that stock 

market volatility, as measured by the pushing factor VIXS&P500, best informs property 

market returns during bearish market environment. We also find that our pulling 

factors, money supply, treasury yields and unemployment presents theoretically 

grounded results in most cases with the expected signage. However, compared to the 

volatility index, pulling factors are not as uniformly suited for informing property 

market returns during bearish markets. We also find a range of insignificant results, 

which might be indicative of a suboptimal model specification and/or choice of 

estimation method. 

 

 

Keywords: REIT, Internal Shocks, External Shocks, Push- and Pull, Quantile 

Regression 
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1. Introduction 

To understand the importance of the property market one only need to look at 

the collapse of the US subprime market in 2007 and its subsequent contagion to 

property markets around the world. The subprime market was a niched but growing 

part of the US property market that imploded after a period of falling residential 

property prices. The implosion spread through different channels until it had evolved 

into the Global Financial Crisis of 2008 (Eichengreen et al., 2012; Kang & Liu. 

2014). The spark for the subprime market collapse came in large part from a lack of 

understanding what happens during large swings in property prices, the assumption 

being that property returns in different US states would exhibit less dependence 

during extreme events. This was the opposite of what happened (Zimmer, 2015) as 

strong downward pressure in property prices during 2007 spread among most US 

states and instead increased the level of market integration. Studying the real estate 

literature of the past decade there is plenty of evidence that property markets are 

increasingly integrated, not only within countries but also across borders. This 

synchronization of international property markets has been widely studied in recent 

years but the driving factors are not as well understood (Zhou, 2010; Liow, 2010; Hui 

& Chang., 2013).  

It is also found that co-movement increases during times of high volatility, 

especially during bearish (falling) markets (Zimmer, 2015; Hatemi-J et al., 2013; Hui 

& Chang, 2013; Michayluk et al., 2006). Since the introduction of real estate 

investment trusts (REIT) in the 1990s there has been a surge in property investments 

as investors have been able to enjoy favorable tax conditions while also maintaining 

liquidity. These trusts allow investors to speculate on property prices without having 

to own physical property. There has been an expectation that property investment act 

as diversification to stock market portfolios under normal economic times. However 

this premise has been challenged, as the effects of the Global Financial Crisis become 

better understood along with the application of improved statistical models to 

available data. Even assuming the Global Financial Crisis to be a once in a lifetime 

event, a recession caused by a housing crisis will lead to a deeper and more prolonged 

drop in GDP than a recession sprung from a normal business cycle downturn 

(Aßmann et al., 2013). This in corroboration with the increasing international 
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property market synchronization makes investigating the causes and dynamics of 

falling property prices a key issue. 

The purpose of this paper is to build on the previous knowledge by studying 

whether pulling (internal) or pushing (external) factors best explains changes in 

conditional property markets returns during bearish (downward), median (normal) 

and bullish (upward) market environment. This study analyzes how pushing (as 

defined by the stock market volatility with economic policy uncertainty in Europe as a 

control variable) and pulling (as defined by money supply, treasury yields, 

unemployment with terms of trade as a control variable) factors inform conditional 

property return distributions. The markets chosen to be included are the US, UK, 

Australia, Singapore and Hong Kong whom together account for 68% of the global 

securitized property market1 (S&P Dow Jones Indices, 2016). To conduct the study 

this paper use a Quantile Regression approach as it allows for the examination of 

correlations during specific market circumstances that other more commonly used 

models would be unable to capture (Baur, 2013; Mensi et al., 2014).  

By examining the pushing and pulling effects via a quantile regression, this 

study add to the existing literature on the property pricing dynamics by estimating 

which type of factor best informs property returns during different market 

circumstances. Understanding this could better inform investors about risk 

management and the predictability of property prices. To find the answers we specify 

the research question this paper strives to answer as such: 

 

 Does pushing or pulling factors best inform property price dynamics during     

bearish market conditions? 

 How do pushing and pulling factors affect property markets during bearish, 

median and bullish market conditions? 

 

The primary findings of this study have been the significance of the stock 

market volatility-index (VIXS&P500) in all observed market conditions. The results 

present the expected negative relation between VIXS&P500 and real estate markets 

across the studied market environment spectrum. There is no other variable, internal 

                                                 
1 Securitized property is the ownership of physical property through, for example 

equities and investment trusts. 
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or external that shows this wide a correlation with the property market. Overall the 

VIXS&P500 have significant coefficients both in the lower, median and upper market 

environments, although the bearish market generally includes more significant 

estimates. Based on these empirical results this paper inconclusively finds that 

pushing factors best inform property price dynamics, as the VIXS&P500 is statistically 

significant in most countries during the most market conditions. 

The results also indicate that money supply informs property returns in Hong 

Kong and Singapore with an expected positive connotation. The US, UK and 

Australia presents a negative relation to treasury yields in line with previous empirical 

findings. Unemployment appear to have a significant negative impact in the US, UK 

and Singapore during bearish markets while showing no significance in Hong Kong 

and Australia. 

The remainder of this paper is organized as follows: Section 2 briefly looks 

through theoretical framework applicable to this study while section 3 summarizes a 

range of previous studies in a literature review. Section 4 goes through the 

specification and sources of the collected data while also performing a preliminary 

statistical analysis. The applied methodology will be accounted for in a step-by-step 

breakdown in section 5 while section 6 cover the papers empirical results as well as 

conducting a brief discussion of the findings. Section 7 will cover the analysis and 

discussion while section 8 offers the authors conclusions. 
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2. Theoretical Framework  

One current issue of debate is whether pushing or pulling factors drive capital 

flows, i.e. if shocks in advanced economies can be expected to affect the capital flow 

for all economies (pushing) or if factors specific to the individual country affect the 

capital flows (pulling). This angle of analysis has become more common with the 

International Monetary Fund and the European Central Bank taking the lead (Cerutti, 

2015; Fratzscher, 2012). Fernandez-Arias (1996) analyses this subject from both 

sides, the first being when internal factors are the driving factor, also known as a pull 

view. Assuming that pulling factors are the major drivers of capital flows can 

discourage poor policy-decision as those can have negative effects on, for example 

terms of trade. A pushing view assumes that the direction and volume of capital flows 

are the result of shocks originating from large, advanced economies, like the US, for 

example a fall in international interest rates. This type of shock would be outside of 

what the individual country could control or even affect. Agénor (1998) and 

Fratzscher (2012) investigate the importance of global shocks in informing capital 

flows and how relevant macroeconomic, institutional and financial policies help 

countries handle global shocks. Fratzscher argues that if global shocks explain a large 

part of the dynamics of global capital flows, push factors are important. Pulling 

factors become relevant if capital flows are highly heterogeneous across different 

countries and the difference depends on internal shocks. The main findings of 

Fratzscher’s 2012 study are that pushing shocks in liquidity, macroeconomic 

conditions and policies, originating in advanced economies have had a significant 

impact on other advanced economies. In the post-crisis period, the push-factor’s 

impact has been larger than during the Global Financial Crisis. The global capital 

flow has during this time also been affected by pull-factors, i.e. factors in the specific 

country, in particular institutional and policy changes. Fratzscher also found that the 

exposure and vulnerability of capital flows to global shocks coming from advanced 

economies are not determined by how financially open the country is, instead 

macroeconomic policies and institutional settings played an important role. Thus 

sound macroeconomic policies and better institutional settings can help countries 

reduce their exposure to external shocks. Fernandez-Arias (1996) establish that the 

increase of capital inflows in several countries appears to have been largely pushed by 

low returns in developing countries and pulled by internal factors. At the same time 
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the developing countries has been affected by external factors, especially international 

interest rates.  

Our study use VIXS&P500 as an external variable followed by treasury yield, 

money supply and unemployment to account for the internal variables. Terms of 

Trade and European Policy Uncertainty act as control variables. 

VIXS&P500, the volatility index constructed from the 30 day expected future 

volatility of the S&P 500, can be considered to be a gauge of global equity volatility 

as for example Milunovich & Trück (2013) finds increased co-movements between 

global equity indices, one of which being the S&P 500, and international real estate 

markets. Huang et al., (2016) has also shown that the VIXS&P500 is informative in 

predicting real estate return tail dependences. Using a quantile regression, Badshah 

(2011) found strong negative and asymmetric relations between volatility indices and 

its corresponding equity index. Badshah’s findings indicate that behavioral 

explanations play an important role in explaining this asymmetry, for example an 

investor might react more emotionally to a loss than profit. Compared to Ordinary 

Least Square estimates there is also a clear asymmetry in the estimation of VIX 

indices coefficients during different market environments as they rise more sharply 

during bearish markets and fall more rapidly during bullish markets. Mensi et al., 

(2014) finds that the volatility index they study, the CBOE, has had a significant 

effect on stock markets in the BRICS countries (Brazil, Russia, India, China and 

South Africa) during bearish markets. This effect is expected to be stronger in bearish 

than in bullish markets. Mensi et al., (2014) finds that only Brazil is affected by the 

implied volatility during normal and bullish markets, this would corroborate with 

Badshah’s findings of asymmetric VIX indices. 

Huang et al., (2016) finds that VIXS&P500 is informative in predicting Real 

Estate Investment Trust stock tail dependence and that this dependence grew 

substantially during the Global Financial Crisis to exceed 0,8 with 1 being the highest 

level of dependence. This increased cross-asset linkages between real estate and 

stocks, limits the diversification opportunities otherwise seen as a strength of real 

estate investment trust’s. Yang et al., (2012), like Huang (2015), find a relation 

between the VIXS&P500 volatility index and real estate returns, but they also find that 

the volatility index in part became insignificant in predicting correlations between 

stock and real estate markets during the period specified for the Global Financial 
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Crisis. Baker et al., (2015) finds volatility indices to best capture events directly 

connected to the financial markets such as the Asian Financial Crisis, the WorldCom 

Fraud in 2002 and the Lehman Brothers collapse. The macro side of events along with 

political turbulence is better captured by indices like the Economic Policy 

Uncertainty-index. Badshah (2011) finds that the leverage hypothesis does not 

effectively explain the asymmetric return-volatility relation in stock markets while 

Yang (2012) finds strong evidence that real estate investment trust’s can be explained 

by the same leverage effect. This latter result is likely due to investment trust being 

highly leveraged as a result of how the tax codes are written.  

This study includes 10-year government bond yields and money supply, two 

variables that capture changes in the respective country’s monetary policy. These 

become important as changes in monetary policy will impact the aggregate demand 

and in turn the occupational demand in the real estate market. These changes in 

demand will impact the dividends payable by firms included in the real estate 

investment trusts and hence affect property markets returns. According to Fatnassi et 

al., (2014) a change in monetary policy can influence the value of the property 

market. More specifically Fatnassi et al., (2014) finds that expansionary policy 

through lower interest rates only has a positive effect on the property market during 

boom cycles while also observing that an increase in the inflation rate decreases the 

probability of remaining in a bust regime. Fatnassi et al., (2014) also find that an 

increase in money supply increases the chance of remaining in a boom market. Chou 

(2014) like Fatnassi et al., (2014) finds that monetary policy has a stronger effect on 

property markets during bullish rather than bearish times but that there are significant 

results in both ends. He et al., (2003) finds that equity Real Estate Investment Trusts 

are significantly affected only by changes in yields on long-term US government 

bonds and high-yield corporate bonds.  

 The countries included in this study all aim to maintain price stability, i.e. low 

inflation, and the tools they use to reach this goal can be divided into two groups: 

those that adjust their interest rate and those that alter their exchange rate. The US, 

UK and Australia falls in the former while Hong Kong and Singapore chose the latter. 

A closer look at the individual policies reveal further differences. The United States 

employs three tools in their monetary policy; Open Market Operations, Discount Rate 

and Reserve Requirements. The first entails the purchase (sale) of securities in the 
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open market in order to expand (contract) the amount of money in the banking 

system. The goal of this technique is to adjust the federal funds rate – the rate at 

which banks borrow reserves from each other. Under the Open Market Operations the 

US has conducted three rounds of quantitative easing (QE), programs that purchase 

different publicly traded papers. These began in November 2008 with a total of $600 

billion in planned purchases in the US, the plan later expanded to allow for $1,55 

trillion in purchases (Federal Reserve A, 2010). In November 2010 the second round 

of QE began with $600 billion in planned purchases (Federal Reserve B, 2010.), this 

was later followed in September 2012 with an open ended commitment to purchase 

$40 billion in monthly purchases (Federal Reserve A, 2012). These monthly 

purchases were later increased to $85 billion in December 2012 (Federal Reserve B, 

2012) before being tapered back starting in 2014. The QE programs in the US ended 

in November 2013 (Federal Reserve A, 2010; Federal Reserve F, 2013). The second 

tool used by the US Federal Reserve is the discount rate charged to commercial banks 

on loans they receive from their regional Federal Reserve Bank’s lending facility. The 

third tool is the Reserve Requirements, a minimum requirement the reserves 

depository institutions must hold in cash or deposits with Federal Reserve Banks 

(Federal Reserve, 2016). Expectations of changes in the aforementioned Federal 

Funds rate have been shown to affect the long-term bond yields (Evans & Marshall, 

2007).  

The United Kingdom has a more classical approach to monetary policy in that 

they aim to maintain stable prices by adjusting the interest rate on overnight loans in 

the money market. This rate affects other interest rates in the economy through 

different transfer mechanisms. It is expected to affect the behavior of both borrowers 

and lenders as well as economic activity and in the end the rate of inflation. In 2009 

the Bank of England also began a policy like the US Open Market Operations, also 

known as quantitative easing, as a method of increasing the money supply through the 

purchases of publicly traded contracts (Bank of England, 2016). This program 

purchased a total of £375 of Government Issued Long Term Bonds and high quality 

corporate debt. The program ended in July 2012. Christensen (2012) finds that falling 

government bond yields in the US and UK in part can be attributed to QE. However, 

the transmission mechanisms are different for these countries. In the US for example, 

quantitative easing causes lower expectations about future short-term interest rates 
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(Krishnamurthy & Vissing-Jorgenssen, 2011), while the UK experienced declines in 

yields reflecting reduced term premiums (Joyce et al., 2011). Joyce et al., (2011) 

estimates that in the UK, quantitative easing may have depressed medium to long-

term government bond yields by about 100 points. Australia, Hong Kong and 

Singapore have not conducted any quantitative easing programs.  

 In Australia like in the UK, the Central Bank set the interest rate on overnight 

loans in the money market with the explicit goal to keep inflation in the span between 

2-3% over the medium term (Reserve Bank of Australia, 2016). 

Looking closer at the second group; those that employ exchange rate policy as 

their primary monetary policy, this paper observes that Hong Kong has had a peg 

between the Hong Kong Dollar (HKD) and the USD during the entire observed period 

with only one minor adjustment in 2005 2 . This peg is maintained through an 

automatic interest rate adjustment mechanism that sells (purchases) HKD when 

demand for the currency is high (low), thus increasing (decreasing) the money supply. 

This is graphically presented in Figure 1 below where we observe the first two stages 

in the process. The move from the initial level of demand D0 to D1 appreciates the 

Hong Kong Dollar to the value P1, this is then countered by an increase in supply 

from S0 to S1 which depreciates the HKD back to P2, the same relative exchange rate 

as before. 

 
Figure 1 – Automatic interest rate adjustment 

 

 

 

 

 

                                                 
2 The peg was moved from 7,75 to 7,8 (LEGCO, 2005)  

S0 

D0 

D1 
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P0 & P2 
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Notes: Adapted from Hong Kong Monetary 

Authority, 2016. 
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This leads to an increasing (decreasing) money supply in the new equilibrium that in 

turn leads to a decrease (increase) in interest rates and decreased (increased) foreign 

demand for the HKD, subsequently exchange rate stability is achieved (Hong Kong 

Monetary Authority, 2016). Singapore, like Hong Kong, aims to control their money 

supply and interest rates, and in the end inflation, through their exchange rate. Unlike 

in Hong Kong however, Singapore allows their exchange rate to appreciate and 

depreciate over time against a weighted basket of currencies, when this is believed to 

be fundamentally motivated. To achieve this, the Monetary Authority of Singapore 

adjusts the allowed interval for the value of its currency while maintaining an 

automatic interest rate adjustment mechanism like the one employed by Hong Kong. 

This gives Singapore more flexibility in dealing with changes in its macroeconomic 

variables as well as external shocks (Monetary Authority of Singapore, 2016). For 

both countries the choice of policy implies that domestic interest rates and money 

supply are endogenous.   

Unemployment has been included in this study, as it has been shown in 

several studies to be a significant determinant for property prices (Hoskins et al., 

2004; Schätz & Sebastian, 2009). Unemployment benefits including social assistance 

and cash housing assistance are well developed in Australia and the UK while 

noticeably lower in the US (OECD, 2014). Singapore lacks any widely used social 

programs and unemployment assistant systems, a policy choice also found in Hong 

Kong (Kee & Hoon, 2005; Vodopevic, 2004).  

Negative changes in Terms of Trade may indicate an overvalued exchange 

rate, leading to reduced exports and increased import. This adverse shock can affect 

the corporate sector profitability (Cerra & Saxena, 2002). Caprio & Klingebiel (1996) 

finds that adverse shocks in Terms of Trade has been a contributing and growing 

factor to bank insolvency in many of the 80 cases observed. 

The Economic Policy Uncertainty-index used in this study cover a wide range 

of factors in both the financial and real world. However, these are focused solely on 

the EU and are thus not intended as a global indicator. This makes it an ideal measure 

of global shocks that originate in the European Union. 

While volatility indices are constructed on the expected volatility of the 

coming 30 days for the chosen stock index, Baker et al., (2015) finds that the 

VIXS&P500 used in this study, have a strong correlation to the Economic Policy 
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Uncertainty index for the US market (0,58 with 1 being fully correlated). There is also 

a clear discrepancy in what type of events has the most affect on the indices. The 

volatility index react more to events directly connected to the financial markets such 

as the Asian Financial Crisis, the WorldCom Fraud and the Lehman brother collapse 

while Economic Policy Uncertainty is more sensitive to unexpected election 

outcomes, political battles over taxes and government spending. This makes the latter 

index, Economic Policy Uncertainty-index a suitable control variable that will capture 

events that the VIXS&P500 might fail to pick up. On the other hand Mensi et al., (2014) 

show no significant correlation between the economic policy uncertainty index in the 

US and the stock markets of the BRICS nations (Brazil, Russia, China, India and 

South Africa).  

An ordinary least square method of estimation gives a summary over the 

variables distribution means. It is possible to move further and run different 

regressions to get information about different points on the distribution and thus get a 

more complete model. It is not very common to go through this kind of process and 

therefore a simple regression often gives an incomplete result (Koenker and Hallock, 

2001). Instead of using an ordinary least square this study applies a quantile 

regression based on least square 
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3. Literature Review 

The past decade has provided the field of economics with a plethora of new 

articles that examine the integration between different markets. It has become clear 

that the co-movements of international markets have been increasing and that there 

are strong asymmetric responses in the return volatilities, more so for negative market 

environments. Others have studied the links between property markets and a range of 

different variables. However, despite the apparent presence and importance of 

understanding asymmetric return volatilities, few articles search for the driving 

factors with a wide enough scope to capture both internal and external factors. Even 

fewer of the studies look for the drivers that best explain different levels of property 

returns, especially falling returns. Most commonly the studies use Real Estate 

Investment Trusts as a proxy for property prices while then applying one of five 

general methodologies to study co-movements and market integrations; Causality, 

Copulas, GARCH, Least Square and Bootstrap. Liow (2008) for example used simple 

Johansen linear co-integration and Granger causality tests to investigate the long and 

short-run relationships between the US, UK and eight Asian real estate markets, 

before, during and after the Asian financial crisis. It was found that integration 

between these markets increased during the Asian Financial Crisis, and in the ten 

following years. Zhou (2010) and Liow (2010) arrived at similar conclusions of 

increasing integration between international property markets. Zhou (2010) used a 

Wavelet Analysis that also captured that the direction of causality shifts depending on 

the frequency and time observed. Liow (2010) used a Dynamic Conditional 

Correlation analysis that helped him observe increasing integration between 

international securitized real estate markets and stock markets. However, this latter 

cross-asset integration is weaker than the integration between international stock 

markets.  

Regarding the conditional volatilities of real estate returns there is a growing 

body of literature (Michaylu et al., 2006; Liow, 2007; Ho et al., 2015; Zimmer, 2015) 

that tells a story of increasing co-movements between property markets during strong 

bearish market environments. Using an Asymmetric Dynamic Covariance model 

Michaylu et al., (2006) finds that positive and negative news has different impacts on 

the market returns. Zimmer (2015) and Ho et al., (2015) come to the same 

conclusions using two copula models, vine- and non-parametric copula models while 
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Liow (2007) finds the same behavior, along with clustering, predictability and strong 

persistence in the conditional volatilities of national, regional and world real estate 

security markets. Zimmer (2015), looking at the US regional markets, finds a clear 

pattern of asymmetric returns in markets that was previously believed to show little to 

no co-movement. During the extremely bearish environment of the Global Financial 

Crisis, these all fell simultaneously. 

Using a simple Least Square model, Didier et al., (2012) finds that countries 

that are more integrated and have more liquid markets, experienced greater stock 

market co-movement with the US during the Global Financial Crisis. It was also 

observed that the main driver of this increased co-movement was financial factors as 

well as pre-existing weaknesses in the banking- and corporate sectors. Trade on the 

other hand turned out to have no significant impact on co-movement with the US 

market. With the help of least square estimations Kallberg et al., (2014) established 

that excess correlation is not as important a factor as once believed when explaining 

increasing market integration between different US regions. Instead they observe that 

the increases in market integration stems from systematic real and financial changes. 

Case & Trück, (2012) use a DCC-GARCH model to identify three periods in 

the correlation between the global securitized property markets and global stock 

markets for the period between 1978 and 2008. The most recent period identified in 

the study stretches from September 2001 till late 2008. During this period they 

observe a steadily increasing correlation that reached 59% in the end of 2008. With 

the help of an EGARCH model Milnovic & Trück (2012) notes a similar degree of 

dependence among different property markets, both during crisis and non-crisis 

periods. Liow (2012) identified an increased correlation and covariance during the 

Global Financial Crisis in the Asian securitized real estate markets. Liow (2010) 

conclude that international market links have been increasing over time but that 

integration between the stock markets has moved further than the real estate market. 

Hatemi-J et al., (2013) conclude that some international real estate markets became 

more integrated with the global market after the Global Financial Crisis while the UK 

was not affected and Japan became less integrated. 

Kang & Liu (2014) use a quantile regression to conclude that the Taiwan 

housing prices were more affected by the Global Financial Crisis when the prices of 

real estate were high. Studying the same scenario in China, housing prices were less 
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affected by the Global Financial Crisis. Arestis & Gonzales-Martinez, (2016) in turn 

investigates how housing prices is affected by current account balance, mortgage rates 

and disposable income. Using least square estimations they find that house prices and 

current account deficits are positively correlated, meaning that an increase in current 

account deficits would correlate with rising housing prices. Aßmann et al., (2013) 

does not find evidence that a boom-bust cycle in the construction sector will 

contribute to a housing crisis nor that a drop in private consumption would affect the 

costs of a housing crisis. They do however observe a significant effect on the cost of a 

crisis from the rate of homeownership. They believed that this cost has an asymmetric 

shape due to differences in behavior during rising versus falling house prices. Füss & 

Zietz (2015) observe the importance of local population growth as a driver of 

demand. They also find the ratio of undeveloped land in the region as a driver of the 

supply side in the US house market. These factors are shown to inform how national 

monetary policy affects the regional property market returns, thus giving insight as to 

how monetary policy can have different affects depending on the preconditions of the 

region in focus. They find that high (low) shares of undeveloped land or strong 

(weak) population growth go hand in hand with increasing (decreasing) house prices 

as a result from reductions (increases) in the federal funds rate. Land use restrictions 

and high income-growth also helps explain strong responses to changes in monetary 

policy. Lastly Huang et al., (2016) finds that mortgage spread and VIX are 

informative in predicting Real Estate Investment Trust tail dependences. 

Numerous articles inform on the strength and change in co-movements 

between real estate markets, international and domestic, through the use of a wide 

range of models. Several studies examine the role of different internal factors while 

others look at external factors. However, despite international property markets being 

a highly studied subject, to the best of our knowledge this study is unique in that we 

apply a quantile regression analysis to determine which type of shock, be it internal or 

external, best explain property returns during different market environments. 

A detailed summary of the recent literature review is presented in table 1.
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Table 1 

Literature review 

Study Dependent  Explanatory Data Method Key findings 

Ellis et al., (2007) 

 

Total Return 

Index 

Price and dividend 

yield 

1990-2004(M) Neural Network approach Risk adjusted returns are maximized if stocks are 

performing at similar levels in all markets 

Liow (2007) REIT DJGRESI, DJGI 9 markets, 1992-

2004(W), TS 

AML, ARMA(1,1)-GJR-

GARCH(1,1)-M model 

Finds clustering, predictability, strong persistence 

and asymmetry in the conditional volatilities of 

national, regional and world REITs 

Liow (2008) REIT No explanatory 

variables 

10 real estate price 

indices, 1996-

2007(D), PD 

JLC, BNL, GC, variance 

decomposition analysis and 

volatility spillover 

methodology 

The interdependence in the Asian real estate 

securities markets seem to have increased in both 

the long and short run since the Asian financial 

crisis 

Zhou (2010) REIT’s & Stock 

markets 

No explanatory 

variables 

7 markets, 1990-

2009(M), TS 

WA Increased co-movement over time. Different co-

movement depending on frequency 

Liow (2010) REITs & property 

indices, MCSI 

No explanatory 

variables 

4 markets, January 

1990 to October 

2007 (W), PD 

ADCC, M-GARCH, 

Conditional return and 

volatility exposure 

methodology 

International links have been increasing over time, 

stock market integration has moved further than real 

estate market integration 

Case et al., 

(2012) 

REIT & Stock 

Returns 

No explanatory 

variables 

1972-2008(M), TS DCC-model with  

DCC-GARCH 

The portfolio managers would be willing to pay 20 

basis points plus the difference in transaction costs 

to use a DCC-GARCH model rather than a rolling 

model 

Plazzi et al., 

(2010) 

Commercial real 

estate returns &  

Rent growth rate 

POP-growth, per cap 

I-growth, Emp-

growth 

1994- 2003(Q), CS GMM Commercial real estate returns and Rent growth rate 

are time-varying 
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Chang et al., 

(2011) 

 

REIT, Rusell 

2000 

No explanatory 

variables 

1989-2008(D), TS Copula Estimation Weights are a potential management tool to reduce 

portfolio risk 

Zhou (2012) REIT No explanatory 

variables 

1990-2009(D), TS WA Benefits of portfolio diversification are greater at 

smaller time scales. Time-scale-conscious investors 

should consider the variation of return in the 

portfolio risk 

Didier et al., 

(2012) 

Local Stock 

Markets 

 

US Stock Market 

Returns (%) and a β 

that includes 24 

explanatory variables 

2007-2009(M), 

PD 

OLS Countries that are more integrated and have more 

liquid markets experienced greater co-movement 

with the US 

Zimmer (2012) HPI No explanatory 

variables 

1975-2009(Q), 

PD 

Clayton-Gumbel mixture 

Copula 

The C-G mixture provide a better fit to the data and 

it also allow flexible tail dependence compared to 

the Gaussian copula  

Milunovich & 

Trück (2013) 

REIT Local, Regional and 

World excess returns 

2004-2011(W), TS OLS, ARMA, EGARCH A similar degree of dependence remained among 

national REIT markets over the crisis and non-crisis 

sample periods for most markets 

Hiang (2012) REITs & Non- 

REIT stocks 

No explanatory 

variables 

1995-2009(W), 

PD 

 

 

DCC-GARCH 

 

Asian real estate securities markets experience an 

increase in correlation and covariance during the 

global financial crisis in local currency as in dollars 

Hatemi-J et al., 

(2013) 

Real estate return The world market 

return & a dummy for 

the global financial 

crisis 

2004- 2013(W), 

TS 

Bootstrap Real estate markets are indeed integrated with the 

world market 
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Aßmann et al., 

(2013) 

Real house price 

index 

GDP, Residential 

investment, private 

consumption, short 

and long-run interest 

rates and inflation 

rate, homeownership 

rates 

1970-2004(Q), PD Differences-in-differences Housing crises are followed by longer than normal 

recessions. The effects of the crises seem to flow 

through the banking sector onwards. Negative 

wealth effects also seem to further reduce GDP.  

Hui & Chan 

(2013) 

Property & stock 

market indices  

No explanatory 

variables 

4 countries, 2009-

2010(D), PD 

Case resampling Bootstrap, 

FRM-test 

Equity contagion mainly between Greece <–> US, 

UK <–> HK. Real estate markets UK <-> HK, UK -

> Greece 

Kallberg et al., 

(2014) 

HPI Unem, Pop, DI, GDP, 

MR, slope of the 

treasury yield curve 

14 metropolitan 

areas, 1992-

2008(M), TS 

Multi-factor  OLS, FGLS Increased co-movements mostly attributable to 

systemic real and financial changes. Excess co-

movement is not as important as believed 

Mandaci et al., 

(2014) 

MCSI, US REIT REIT UK, Israel & 

Turkey 

4 markets, 2003-

2009(Q), PD 

Engle-Granger cointegration 

test, DOLS 

Only Turkey show no long-run co-integration 

Ho et al., (2014) HPI No explanatory 

variables 

4 US states, 1975-

2013(Q), PD 

Non-parametric copula The application of the nonparametric copula 

provides an alternative flexible specification for 

copulas.  But the copula espoused in Zimmer (2012) 

remains. 

Kang et al., 

(2014) 

House Prices IR, prices, money 

supply, anticipated 

inflation, income& 

output 

2005-2010(M), TS Quantile Regression 

Analysis 

The Taiwan housing prices were more affected by 

the financial crisis when the prices of real estate 

were high, but in China the housing prices were less 

affected by the crisis when the prices were high. 

Zimmer (2015) HPI No explanatory 

variables 

4 US census 

regions, 1975-

2012(Q), PD 

 

Vine-Copulas Asymmetric dependence with larger dependence in 

lower tails 
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Füss & Zietz 

(2015) 

HPI & FHFA Federal funds rate, 

POP, per cap I, 

quality of life, Land 

Use Regulatory 

Index, % 

undevelopable land, 

housing supply 

elasticity 

19 MSAs 1992-

2014(M) for HPI, 

94 MSAs 1992-

2014(Q) for FHFA 

Univariate and multivariate 

state-space model 

House prices react most to federal funds rate in 

MSAs with a high population growth and an 

abundance of undevelopable land 

Huang et al., 

(2016) 

REIT & 

S&P 500 

Default spread, 

mortgage spread, 

term spread, VIX 

REIT & S&P 500, 

2000-2014(W), TS 

Copula-based CARR-model, 

GJR-GARCH 

The Asymmetric CARR model is better than GJR-

GARCH 

Arestis & 

Gonzales-

Martinez (2016) 

House prices CAB, DI, IR, loan 

volume 

17 OECD 

countries, 1970-

2013 (A), TS 

OLS with breakpoint Increase in current account deficits -> Rising House 

Prices 

Notes:    

AML = Appropriate Maximum Likelihood DI = Disposable Income GC = Granger Causality PD = Panel Data 

ADCC = Asymmetric Dynamic Conditional 

Correlation 
DJGI = Dow Jones Global Indexes I = Income POP = Population 

BNL = Bierens Nonlinear Cointegration 
DJGRESI = Dow Jones Global real estate stock 

index 
IR = Interest Rate TS = Time Series 

CS = Cross Section DCC = Dynamic Conditional Correlation 
JLC = Johansen Linear 

Cointegration 
UNEMP = Unemployment 

Current Account Balance (CAB) EMP = Employment OLS = Ordinary Least Squared WA = Wavelet Analysis 

D/W/M/Q/A = 

Daily/Weekly/Monthly/Quarterly/Annual 

DCC-GARCH = Generalized Autoregressive 

Conditional Heteroskedasticity 
MR = Mortgage Rate 

 

->, <-, <-> = Direction(s) of causality GMM = Generalized Method of Moments M-GARCH = Multivariate GARCH  
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4. Data Description and Summary Statistics 

This study use monthly data from December 1999 through December 2015. 

All return series are expressed in USD, thus this paper approach the aforementioned 

issues from a US-centric point in the analysis where the market price of currency risk 

equal to zero. This simplifies the comparability between nations at the cost of losing 

the perspective of the respective nation. This issue is minimized as only money supply 

is measured in USD. 

As previously mentioned this paper chose to look at five markets; the US, UK, 

Australia, Hong Kong and Singapore. Combined these markets account for over 68% 

of the global securitized property market (S&P Dow Jones Indices, 2015) and can be 

considered a representation of the global property market. When investigating 

international property markets the US has a special place being the largest and most 

mature securitized market. Including the UK market makes sense, as it is the largest 

market in Europe, also the UK economy is among the most financially integrated 

globally (Liow, 2007). Singapore and Hong Kong are two nations with a rapid recent 

growth and a well-established securitized real estate investment market that make 

them well suited for this study. Australia is, next to Japan, Hong Kong and China, the 

largest securitized property market in the Asia-Pacific region. These five markets are 

often included when international property markets are studied (e.g. Zhou, 2010; 

Liow, 2007). This paper use the closing values of publicly traded Real Estate 

Investment Trusts (REIT), allowing us to capture changes in the property markets 

without the lags that are inherent with transfers of actual property ownership (Sum & 

Brown 2012). The choice of the dependent variable also allows for higher frequency 

data than housing prices could, this will improve the robustness of the co-movement 

analysis as changes happen in high frequency. To ensure ease of replicability the 

Thomson Reuters code used for the indices are presented; US = FTUNUS, UK = 

FTELUK, HK = FTELHK, Singapore = FTELSIE, Australia = FTLELAU. For the 

Hong Kong time series there was a gap in the data during three monthly observations 

from April 2004 till June 2004, we interpolated these values in r using the splines 

package. We also interpolated four individually missing values for the VIXS&P500. 

This interpolation will on the margin decrease the reliability of the dependent value as 

well as the volatility index. All of the explanatory variables and the control variables 
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are collected from Thomson Datastream database or official government sources3, 

these values can be assumed to hold the highest level of reliability. 

“Datastream's Real Estate Index aims to represent securitized real 

estate markets. The Thomson Datastream database constitutes the 

universe from which the index is drawn. Companies included in the 

index represent around 75– 80% of the total market capitalization. 

Suitability for inclusion in the index is determined by market value 

and availability of the data. There are no liquidity requirements as 

well as no adjustments for non-public holdings of shares or for 

cross-holdings. The index constituents are reviewed at a quarterly 

basis and re-set to represent the new top group of stocks by market 

value” (Serrano & Hoseli, 2009). 

Using these indices ensures consistency and comparability between the markets 

studied. At the same time the quote informs about two issues that affect the validity 

concerning Real Estate Investment Trusts as a proxy for property prices. There is no 

distinction being made between commercial and private property within these indices, 

and secondly, as much as 25% of the indices could theoretically consist of equities not 

linked to property, thus muddling the observed returns. 

As previously mentioned this paper seek to determine if pushing factors 

(external shocks) and pulling factors (internal shocks) have different explanatory 

properties on the real estate returns. For the internal country specific shocks this study 

collect monthly data on ten year Treasury bond yields, M3 money supply, 

unemployment and as a control variable; Terms of Trade, using the Thomson 

Datastream database. M3 money supply is the broadest measure of an economy’s 

money supply and includes the more restricted M2 as well as M1. The M3 measure 

includes large time deposits, institutional money market funds, short-term repurchase 

agreements and other larger liquid assets. 

For the external shocks this study includes S&P 500 expected volatility index, 

(VIXS&P500) as well as the control variable Economic Policy Uncertainty for the EU 

(EPUEU). The VIXS&P500 is a volatility index based on the S&P 500 and thus it comes 

                                                 
3 Bank of England, US Federal Reserve, St Louis Federal Reserve, Reserve Bank of Australia, Hong 

Kong Monetary Authority, Legislative Council of the Hong Kong Special Administrative Region, 

Monetary Authority of Singapore, OECD. 
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with a US bias4. This makes the index a good measure of external shocks. From a US 

point of view, VIXS&P500 have more in common with an internal factor than an 

external. However, considering the global presence of S&P 500 companies (Apple, 

Microsoft, Exxon, Johnson & Johnson, General Electric to name the largest by market 

cap) one can argue that the index acts as an imperfect proxy for global shocks and 

thus have a pushing effect even for the US market. Also included is a lag of the 

VIXS&P500 and EPUEU in case there is a lag between an event in one index and its 

correlating stock return in the respective country. 

The Economic Policy Uncertainty index (Economic Policy Uncertainty, 2012) 

is constructed with three underlying components involving the quantification of 

economic newspaper coverage, expiring tax code provisions and the degree of 

disagreement in economic forecasts (EPU, 2012). This variable is mainly used as a 

control variable. 

Table 4 summarizes the descriptive statistics for the data. Here the 

unconditional volatility among property markets range from 4,6% to 8,5% with bond 

yields having a larger volatility-spread going from 4,7% up to 25,6% annualized. The 

standard deviation for money supply and unemployment go from 0,4% to 3,9% and 

2,3% to 4,8% respectively. The spread for Terms of Trade is wider as it ranges from 

0,08% to 9,7% and finally the external indices VIXS&P500 and EPUEU report 19,5%, 

40,8% and 5,5% respectively. All series but the Australian unemployment and the 

Terms of Trade for Australia and the US, reject the null hypothesis of the Jarque-Bera 

(JB) test and are thus of non-normal distribution. The kurtosis coefficient surpassed 3 

in all series but EPUEU, indicating asymmetric distributions, or leptokurtosis. 

Table 2 presents the unconditional correlation between the property markets 

and the corresponding internal variables as well as the common external indices. 

Correlations between bond yields and property markets were zero for the US market, 

weakly negative for the Hong Kong market while remaining positive but weak for the 

remaining markets. Money supply has a positive correlation for all nations, ranging 

from weak to moderate (0,096 to 0,355 for UK and Singapore respectively). 

Unemployment displayed a negative sign across the sample, again with weak to 

moderate correlations going from -0,002 to -0,251. Terms of trade showed weak 

positive correlations across the sample with one negative sign for Australia. For the 

                                                 
4 US-based companies has over 50% of the S&P 500 market cap with UK coming in at third place with 

6,5%, Australia 2,2%, HK 1,2% and Singapore at 0,5% (spindices.com, 2016). 
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external factors a clear pattern in signage is observed where VIX and EPUEU both 

have negative correlations for all nations. VIX on average has a higher level of 

correlation in absolute terms, going form -0,333 to -0,445, EPUEU exhibit similar 

levels of correlation but with a different signage. VIF-tests where also performed, 

these indicated no multicollinearity as all values came out below 1,6, well below the 

commonly used 5,0 threshold. A more detailed summary can be found in table 3. 

Figure 2 through 7 presents all the variables in both logged form and return 

series. Looking at the graphs of logged real estate valuations, it is easy to identify the 

onset of the falling property market. Considering that the global financial crisis began 

in the US the peak of the market can clearly be placed as January 2007. From here the 

market began a correction that caused an 18 month bear market followed by a 

collapse in the securitized property market after the fall of Lehman Brothers in 

September 2008. This collapse was felt in all markets studied, in Australia and the UK 

the fall was just as steep and in the long run remained subdued even longer than in the 

US. Singapore also suffered a large fall but then experienced a faster rebound. Least 

affected in the group was the Hong Kong market that, although hit hard initially, 

quickly recovered most of the fall. 

Looking at EPUEU and VIX in the logged form it is difficult to miss the effects 

of the Lehman Brothers crash. In both indices the effect is instantaneous in September 

2008. Three years later in July 2011, the onset of the critical parts of the European 

Debt Crisis culminated during the months that followed. The effect of the European 

Debt Crisis is readily visible in both indices starting with the strongest movements in 

June 2011. 

During the fall of 2001 a drop in bond yields took place as a result of a 

bursting dot-com bubble and the September 11 attacks. Going into the end of 2008 the 

yields had remained in a stable or growing trend, indicating the bullish market of the 

time. The onset of the Global Financial crisis in 2008 pushed already low bond yields 

even lower in every country studied. There is also a large clustering of volatility 

around 2008-2009 that arguably can be explained by the crisis. In the years that 

followed these rates have remained subdued only to exhibit a possible trend break in 

Singapore. 

The differentiated series show large spikes of rising money supply likely as a 

result of increased central bank purchases or so called quantitative easing (QE). The 



 

26 

 

levels of money supply in Hong Kong remained stable during the Global Financial 

Crisis. 

The level of unemployment can be seen to have moved in a slow, downward 

trend in the years leading up to the Global Financial Crisis only to rise rapidly from 

the middle of 2008 and peaking in 2009 for most countries. United Kingdom 

experienced a temporary decline in unemployment followed by a short rise in 2010-

2011 before they experienced a steep decline from 2013 onward. 

Terms of trade is measured as the ratio between a nations exports and its 

imports multiplied by 100 (Feenstra 2009). For Hong Kong and Singapore a slow 

decreasing trend is observed while there is no clear trend either way in the US, UK or 

Australia. There is a large shift upward in the US Terms of Trade during the end of 

2008. 

 

Table 2 

Unconditional Correlations 

Internal/Pulling factors External/Pushing factors 

 BONDa M3a UNa TTa VIX EPUEU 

REITUS -0,004 0,120 -0,137 0,040 -0,426 -0,110 

REITUK 0,036 0,096 -0,251 0,032 -0,398 -0,160 

REITAUS 0,146 0,191 -0,122 -0,025 -0,333 -0,108 

REITHK -0,119 0,341 -0,002 0,101 -0,445 -0,223 

REITSING 0,035 0,355 -0,246 0,039 -0,398 -0,217 

Notes: Table 2 presents the unconditional correlations between the country specific Real Estate 

Investment Trust’s (REIT) and its respective pulling and pushing factors. Monthly data for the 

period December 1999 to December 2015 is used. a Indicates that the variable is specific to the 

country of the correlating Real Estate Investment Trust. 

 

Table 3 

Variance Inflation Factors 

 US UK AUS HK SING 

IR 1,129 1,211 1,134 1,057 1,061 

M3 1,139 1,095 1,304 1,029 1,093 

UN 1,119 1,189 1,041 1,100 1,063 

TT 1,055 1,031 1,038 1,083 1,113 

VIXS&P500 1,056 1,045 1,271 1,079 1,109 

EPUEU 1,079 1,061 1,071 1,057 1,067 
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Table 4 

Descriptive statistics 

 
Observations Mean (%) Std.dev (%) Skewness Kurtosis J-B (p) ADF(L, c./ct) 

REITUS 193 0,542 6,688 -1,646 12,117 752,991a -5,863*** (5, c.) 

REITUK 193 0,345 5,968 -0,760 6,483 115,834a -4,979*** (3, c.) 

REITAUS 193 -0,031 4,642 -1,814 10,754 588,025a -3,014** (13, c.) 

REITHK 193 0,260 8,476 -0,329 4,077 12,792a -12,129*** (0, c.) 

REITSING 193 0,072 7,799 -0,550 4,069 18,969a -11,346*** (0, c.) 

BONDUS 193 -1,202 11,284 -0,789 8,955 303,914a -4,573*** (3, c.) 

BONDUK 193 -1,290 6,360 -3,096 14,802 1425,949a -3,746*** (3, c.) 

BONDAUS 193 -0,398 4,740 -1,548 10,013 471,301a -4,818*** (8, c.) 

BONDHK 193 -1,423 25,624 -0,072 11,158 532,602a -13,655*** (0, c.) 

BONDSING 193 -0,464 12,707 -1,061 7,958 233,240a -7,017*** (2, c.) 

M3US 193 0,511 0,392 1,402 8,149 274,985a -6,554*** (3, ct.) 

M3UK 193 0,638 1,681 0,017 6,206 92,292a -5,925*** (6, ct.) 

M3AUS 193 0,883 3,855 -0,572 4,647 32,168a -12,919*** (0, ct.) 

M3HK 193 0,064 1,681 0,561 6,206 92,292a -5,678*** (2, ct.) 

M3SING 193 0,632 1,865 0,025 3,969 9,448a 9,448*** (2, ct.) 

UNUS
 193 0,116 2,700 0,434 3,353 7,019a -11,704*** (0, c.) 

UNUK 193 -0,262 2,319 1,297 8,567 301,782a -2,924** (5, c.) 

UNAUS 193 0,008 2,627 0,405 3,245 5,718 -4,539*** (11, c.) 

UNHK 193 -0,034 3,151 0,622 4,676 34,851a -5,853*** (1, c.) 

UNSING 193 -0,122 4,822 -0,865 5,579 76,717a -4,394*** (11, c.) 

TTUS
1 193 449,846 3,924 -0,203 3,103 1,413 -3,555** (1, ct.) 

TTUK 193 0,000 0,775 -0,182 4,493 18,906a -18,842*** (0, ct.) 

TTAUS 193 0,001 9,729 0,076 3,033 0,262 -3,921** (11, ct.) 

TTHK 193 -0,001 0,407 0,258 4,229 14,228a -17,090*** (0, ct.) 

TTSING 193 -0,009 0,076 0,152 3,858 6,623a -8,702*** (2, ct.) 

EPUEU
l 193 480,192 40,824 -0,084 2,110 6,594a -3,663*** (1, c.) 

VIXS&P500 193 -0,158 19,479 0,591 4,672 33,724a -16,604*** (0, c.) 

Descriptive statistics and unit root tests. 

Notes: Table 4 presents the descriptive statistics for monthly observations for 4 country specific variables and 3 indices during the period 1999-12-31 to 2015-12-31. All 

variables are considered as return series, calculated as ri = ln(Pt) – ln(Pt-1). J-B represents the Jarque-Bera normality test. ADF represents the Augmented Dickey Fuller test 

with the lag for its respective time series within parenthesis (L). ADF(L, ct) and ADF(L, c.) signify constant and trend (ct) or constant (c.). Results are available upon request. 

‘*’/’**’/’***’ denotes 10%/5%/1% level of significance. l Indicates that the series are stationary in log, all other series are stationary in first difference. a Indicates rejection of 

the null hypothesis at a 5%.  
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Figure 2 - Real Estate Investment Trusts Figure 3 – 10 Year Bond Yields 

  

Notes: We display logarithmic changes and the return series data for the monthly closing REIT-values during the 

period December 1999 to December 2015. All the data is collected from Thompson Reuters using the corresponding 

quotations; US = .FTUNUS, UK = .FTELUK, Australia = .FTLELAU, HK = .FTELHK, Singapore = .FTELSIE. 

 

Notes: We display the log and return series of 10-year bond yields during the period December 1999 to December 

2015. Corresponding Datastream codes: RATEUS = USGBOND, RATEUK = UKGBOND, RATEAUS = AUGBOND, 

RATEHK = HKGBONDm, RATESING = SPGBOND. 

Figure 4 – Money Supply Figure 5 – Unemployment Rate 

  

Notes: We display the logarithmic and return series of monthly Money Supply during the period December 1999 to 
December 2015. We conclude graphically that there is a trend in the logged data. Money Supply is the only variable in 

this study indicated as an aggregate value; therefore it will be presented in the local currency to avoid exchange rate 

fluctuations.   

 

Notes: We display logarithmic data and the return series for the monthly Unemployment Rates during the period 
December 1999 to December 2015. All the rates are collected from Thompson Reuters Datastream. All indices are 

seasonally adjusted. We conclude graphically that there is no trend in the logged data.  

Figure 6 – Terms of Trade Figure 7 – VIXS&P500 and Economic Policy Uncertainty EU 

  

Notes: We display logarithmic and return series data for the monthly Terms of Trade ratio during the period December 
1999 to December 2015. The Data are collected from Thompson Reuters Datastream. All indices are seasonally 

adjusted. We conclude graphically that there is a trend in the logged data.  

Notes: We display monthly logged and return series data for the indices VIXS&P500 (FRED, 2016) and the European 
Economic Policy Uncertainty index during the period December 1999 to December 2015. VIX measures the implied 

volatility of the S&P 500 and the data is acquired from St Louis Federal Reserve Economic Data (FRED). The 

Economic Policy Uncertainty index is gathered from http://www.policyuncertainty.com and represents a news-based 
index. 
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5. Method 

To study the relationship between a dependent variable and a range of explanatory 

variables, there are a number of methods that can be employed. The most common method is 

the linear Ordinary Least Squares (OLS), y=βx+ε, this model will present a simple estimate 

of the conditional mean of the dependent variable y given the explanatory variable x 

(Koenker and Hallock 2001). However, this study aims to examine a more detailed 

relationship between different ranges in the conditional return distribution of the studied 

property markets and the corresponding explanatory variables. To accomplish this there are 

several models that can be applied on the data collected. Compared to an OLS, a Quantile 

Regression (QR) is a more thorough method to provide a wider range of estimates. 

Essentially, the QR estimates a number of simple coefficients during different property 

market return distributions; each estimate is obtained through an OLS model (Eide and 

Showalter, 1999). As mentioned before, the quantile regression deals with this problem by 

minimizing the weighted sum of absolute residuals through the application of multiple 

regressions and therefore the estimated coefficients are much less sensitive to outliers (Eide 

and Showalter, 1999). This makes the QR model simple to understand and work with. QR 

has also been show to be robust when studying financial data as these often suffers from 

leptokurtosis, skewness and heteroscedasticity, traits that will not affect the QR-estimates 

(Koenker and Bassett, 1978). For these reasons a QR model is well suited for our purposes. 

A second option for this study would be to extend the above-mentioned approach in 

order to capture how the signage of the previous period affects the current period. This would 

be a straightforward process of creating a dummy index where 1 indicates that the previous 

period had a positive sign and 0 otherwise. This inclusion of negative (positive) returns as an 

explanatory variable, as used in Baur (2011), would provide additional information regarding 

investor reactions to positive and negative previous returns. 

As mentioned in the literature review there is a branch of modeling called Copulas, 

the most common being the Gaussian Copula. This was the model employed to estimate 

independence between different housing markets in order to construct the mortgage-backed 

securities. Those mortgage-backed securities later became the foundation for the Sub-Prime 

market (Zimmer, 2014). The Gaussian Copula has the advantage of being well suited for 

testing co-movements between large sets of markets. However, the model suffers from 

asymptotic independence, meaning that the independence between markets goes up the larger 
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the swings in housing prices become. To capture a more realistic asymptotic dependence 

between a large set of markets, Zimmer (2014) applies an m-dimensional Vine Copula that 

captures asymmetric tail dependence not visible in the Gaussian results. The Vine Copula 

model would be well suited for this study, as it allows for the non-normality distributions in 

the collected data as well as allowing for potential asymmetric tail dependence. 

As Quantile Regression and Vine Copula modeling both provide the same benefits, 

for this study the choice between the two comes down to how intuitively the results can be 

interpreted and explained. Therefore we will use a Quantile Regression in order to investigate 

the impact of external and internal shocks of real estate returns during different quantiles. To 

simplify we also chose not to include the lagged positive and negative returns as described 

above. The conditional quantile regression is based on the model in Reboredo and Uddin 

(2015), and is given by: 

Qyt 
(τy

it−1
, X

it, 
X

it−1
)  = α(τ) + β(τ)y

it−1 
+ γ(τ)X

it 
+ (τ)Z

t 
+ (τ)Z

t−1 (1) 

where y
it−1, is the lagged value of the dependent variable for all countries studied where i 

represent the country index. The parameter α(τ) accounts for the unconditional quantile and 

β(τ) accounts for the lagged property return. The γ(τ)X
it 

presents the internal explanatory 

variables for all of the countries, (τ)Z
t 
the external explanatory variables and (τ)Z

t−1 lagged 

external explanatory variables (Reboredo and Uddin, 2015). 

In order to obtain more robust critical t-statistic values, or asymptotic standard errors, 

this study applies a xy-bootstrap method using 1000 iterations (Baur, 2012). 
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6. Results 

Table 5 summarizes the coefficients between the dependent and explanatory variables 

in the quantile regressions at the 5th, 10th, 25th, 50th, 75th, 90th and 95th levels as well as the 

results from the simple ordinary least squares regressions. The impact from the external 

variables is tested for at time t and at time t-1. These results are presented with each country 

individually in its respective column. For the sake of brevity we present a highly compressed 

set of graphs in figure 8 that represent the coefficients in a solid blue line. The upper and 

lower bounds of the 95 percent confidence intervals marked with dotted blue lines. The red 

line illustrates the simple ordinary least squares coefficient for the examined variable 

We find that the pushing factor, VIXS&P500 show a significant and negative relation for 

all countries during bearish environments. In other words, increasing expected volatility in 

the US stock markets is correlated to a decline in real estate returns in all observed markets 

and most market environments. We also find that the volatility index becomes significant in 

all countries during median and bullish markets with exceptions in the United Kingdom and 

Australia during the most bullish markets. The coefficients remained low (-0,026 to -0,272) 

but negative throughout each country and significance.  

Looking at the internal (pulling) factors we find that money supply holds a 

significant, positive impact on the property return distribution for Hong Kong during the 

entire return distribution (τ.05- τ.95) while Singapore show significance during the most 

bearish market (τ.05). The coefficients in both countries lie between 1,03 and 2,099 with a 

positive connotation. This is in line with previous empirical results as there is a significant 

and positive relation between money supply and property markets (Fatnassi et al., 2014). The 

difference between the results in our study and those reported by Fatnassi et al., (2014) as 

well as Chou (2014), is that our results show the largest impact in Hong Kong during the 

bearish markets while their results emphasizes a stronger relation during the bullish markets. 

We find no significant correlation between money supply and the US, UK or Australian 

property markets. 

Bond yields presented a significant impact in the US property markets during bearish 

market environment (τ.05- τ.10), while the UK experienced a correlation during the upper 

bearish and normal market movement. For Australia we find that bond yields inform property 

market returns during normal and bullish markets. All of the significant coefficients where 

negative. This is in line with both economic theory and previous empirical findings (Fatnassi 
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et al., 2014). We find no significant co-movement between the property markets in neither 

Singapore nor Hong Kong when estimating against their respective bond yields. 

Unemployment show the expected significant inverse relation (-0,531 to -1,393) in 

the US, UK and Singapore during the most bearish market, indicating that only the strongest 

upward pressure in unemployment correlate with falling property returns. This is also in line 

with previous empirical findings (Hoskins et al., 2004; Schätz & Sebastian, 2009). We find 

no significant correlation in Australia and Hong Kong. 

During bearish markets, Economic Policy Uncertainty only has a weak affect (-0,066) 

for the Hong Kong property returns and –0,031 for United Kingdom. This uncertainty index 

shows up as significant in the US, UK and Hong Kong in the bullish market. We also find 

policy uncertainty to be significant in the ordinary least squares for Hong Kong and the 

United Kingdom. 

Terms of trade only become significant in the US during the bearish market and in 

Singapore during their normal market conditions. Regarding the lagged pushing factors, i.e. 

the external variables, the results indicate a low significance for these in most countries and 

property return distributions. VIXt-1 does have an impact at 5 percent significance for the US 

market during the upper bearish and normal property return distribution. The same lack of 

significance for the lagged variables is seen in the lag of the dependent variable, the 

exception being Australia that displays a significant Yt-1 in both the simple ordinary least 

squares as well as during the most bearish market environment. 

For the US the results are generally statistically different from the ordinary least 

squares. The EPUEU and the EPUt-1 differ from the ordinary least squares mean in the most 

bearish market while money supply differs in the most bullish market. The lag for US 

property return differs in the normal environment and bond yield, unemployment, terms of 

trade and VIXt-1 differs during bearish, normal and bullish market. The UK does not have any 

variables significantly different from the simple ordinary least squares estimate, while 

Australia has a difference in the lowest and median market environments for the lagged 

property return as well for bond yields during the most bullish markets. When looking at the 

lagged property returns, money supply and VIX during the bearish markets the results for 

Hong Kong display a significant difference in comparison to the ordinary least squares 

estimation. The same is true for unemployment during the most bullish market environments. 

For Singapore we only observe a significant difference between the least square estimate and 

the conditional return estimates for the constant and unemployment variable. 
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Table 5 

Summary of significant coefficients and their signage 

 
US 

 
UK 

 
AUS 

 
HK 

 
SING 

 
L M H 

 
L M H 

 
L M H 

 
L M H 

 
L M H 

(Intercept) NS NS - 
 

NS NS + 
 

NS NS NS 
 

NS NS + 
 

- NS + 

Yt-1 NS NS NS 
 

NS NS NS 
 

+ NS NS 
 

NS NS NS 
 

NS NS NS 

M3 NS NS NS 
 

NS NS NS 
 

NS NS NS 
 

+ + + 
 

+ NS NS 

BOND - NS NS 
 

- - NS 
 

NS - - 
 

NS NS NS 
 

NS NS NS 

TT - NS NS 
 

NS NS NS 
 

NS NS NS 
 

NS NS NS 
 

NS + NS 

UN - NS NS 
 

- - NS 
 

NS NS NS 
 

NS NS NS 
 

- NS NS 

VIX - - - 
 

- - - 
 

- - - 
 

- - - 
 

- - - 

lEPUEU NS NS - 
 

- NS - 
 

NS NS NS 
 

- NS - 
 

NS NS NS 

VIXt-1 - - NS 
 

NS NS NS 
 

NS NS NS 
 

NS NS NS 
 

NS NS NS 

EPUEUt-1 NS NS NS 
 

NS NS NS 
 

NS NS NS 
 

NS NS NS 
 

NS NS NS 
Notes: L, M and H represent low quantile, medium quantile and high quantile, respectively. NS means no significant dependence 

while + (−) indicates positive (negative) and statistically significant co-movement.  

 
Table 6 

Coefficients with corresponding significance signs subdivided by quantiles, presented for the US, UK, Australia, Hong Kong and 

Singapore 

United States 

 
OLS 0,05 0,1 0,25 0,5 0,75 0,9 0,95 

(Intercept)  0,074  0,122  0,056  0,013  0,055  0,105**  0,166**  0,090 

Yt-1  0,006  0,059 -0,011 -0,184 -0,081 -0,065 -0,078 -0,097 

M3 -0,332 -0,687  0,966  0,491  0,555  1,397 -0,719 -1,152 

BOND -0,237*** -0,440*** -0,420** -0,104 -0,096 -0,148* -0,132* -0,090 

TT -0,880** -2,019** -2,238**  0,359  0,303 -0,042 -0,198 -0,319 

UN -0,390** -1,075*** -1,208*** -0,194 -0,196 -0,262*  0,069 -0,021 

VIX -0,163*** -0,159*** -0,159*** -0,187*** -0,16*** -0,093*** -0,058* -0,087** 

lEPUEU -0,026  0,025  0,014 -0,012 -0,019 -0,024 -0,049** -0,032 

VIXt-1 -0,073*** -0,150** -0,147** -0,081** -0,063** -0,019 -0,003 -0,013 

EPUEUt-1  0,012 -0,069 -0,043  0,005  0,009  0,008  0,028  0,030 

Pseudo R2 
 

 0,423  0,260  0,209  0,160  0,119  0,113  0,178 
Notes: Results are available upon request. ‘*’/’**’/’***’ denotes 10%/5%/1% level of significance. TTUS and EPUEU are estimated in 

log, all other series are estimated in first difference. OLS denotes ordinary least squares. 
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United Kingdom 

 
OLS 0,05 0,1 0,25 0,5 0,75 0,9 0,95 

(Intercept)  0,072 -0,173 -0,152  0,071  0,075  0,109*  0,162**  0,168 

Yt-1  0,106  0,125  0,216  0,119  0,020 -0,001 -0,135 -0,133 

M3  0,134  0,175  0,084  0,074  0,056  0,083  0,213  0,289 

BOND -0,16*** -0,131 -0,176 -0,194** -0,141* -0,049 -0,133 -0,145 

TT  0,096 -0,394 -1,048  0,376 -0,301 -0,083 -0,329  0,880 

UN -0,513*** -1,393*** -1,034** -0,7** -0,627*** -0,167 -0,133  0,047 

VIX -0,13*** -0,121** -0,137*** -0,152*** -0,112*** -0,113*** -0,111*** -0,026 

lEPUEU -0,031** -0,016 -0,032 -0,052* -0,021 -0,020 -0,039** -0,041 

VIXt-1 -0,018  0,032 -0,016  0,000 -0,011 -0,034 -0,053 -0,015 

EPUEUt-1  0,016  0,034  0,049  0,031  0,006  0,005  0,016  0,021 

Pseudo R2 
 

 0,349  0,278  0,195  0,156  0,143  0,168  0,296 
Notes: Results are available upon request. ‘*’/’**’/’***’ denotes 10%/5%/1% level of significance. EPUEU is estimated in log, all 

other series are estimated in first difference. OLS denotes ordinary least squares. 

 
Australia 

 
OLS 0,05 0,1 0,25 0,5 0,75 0,9 0,95 

(Intercept)  0,038  0,074 -0,015  0,061  0,047  0,044  0,040  0,075 

Yt-1  0,173**  0,563**  0,375*  0,143  0,050 -0,090 -0,078  0,055 

M3  0,065  0,147  0,070  0,047  0,021 -0,015  0,000  0,030 

BOND -0,113  0,069 -0,047 -0,102 -0,15** -0,201* -0,271** -0,244** 

TT  0,004  0,090 -0,016  0,015  0,011  0,003 -0,036  0,009 

UN -0,084 -0,630  0,018  0,046 -0,057 -0,092 -0,040 -0,267 

VIX -0,082*** -0,134** -0,1** -0,089*** -0,08*** -0,074*** -0,029 -0,030 

lEPUEU -0,008 -0,032 -0,004 -0,013 -0,015 -0,002  0,004  0,014 

VIXt-1 -0,023 -0,056 -0,023 -0,018 -0,029 -0,033* -0,008  0,012 

EPUEUt-1  0,000  0,000  0,000 -0,003  0,005 -0,001 -0,004 -0,018 

Pseudo R2 
 

 0,348  0,225  0,146  0,129  0,107  0,105  0,098 
Notes: Results are available upon request. ‘*’/’**’/’***’ denotes 10%/5%/1% level of significance. EPUEU is estimated in log, all 

other series are estimated in first difference. OLS denotes ordinary least squares. 
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Hong Kong 

 
OLS 0,05 0,1 0,25 0,5 0,75 0,9 0,95 

(Intercept)  0,131*  0,130  0,084  0,027  0,057  0,241**  0,232**  0,481*** 

Yt-1  0,005 -0,228 -0,182  0,011 -0,020  0,047  0,082 -0,010 

M3  1,478***  1,89***  2,099***  1,947***  1,551***  1,664***  1,834***  1,669*** 

BOND -0,013 -0,014 -0,021 -0,010  0,002  0,000 -0,004  0,026 

TT  0,679  1,384  2,951  2,240 -0,379 -1,583  1,543 -0,367 

UN -0,017 -0,238 -0,085 -0,198 -0,024  0,126  0,393  0,430 

VIX -0,17*** -0,272*** -0,238*** -0,16*** -0,165*** -0,12** -0,135*** -0,175*** 

lEPUEU -0,066*** -0,071** -0,075** -0,045 -0,020 -0,092** -0,083** -0,11** 

VIXt-1 -0,008 -0,058 -0,070 -0,015 -0,022  0,033  0,031  0,051 

EPUEUt-1  0,037*  0,020  0,037  0,028  0,005  0,050  0,050  0,033 

Pseudo R2 
 

 0,363  0,305  0,229  0,185  0,177  0,235  0,269 
Notes: Results are available upon request. ‘*’/’**’/’***’ denotes 10%/5%/1% level of significance. EPUEU is estimated in log, all 

other series are estimated in first difference. OLS denotes ordinary least squares. 

 
Singapore 

 
OLS 0,05 0,1 0,25 0,5 0,75 0,9 0,95 

(Intercept)  0,062 -0,406** -0,195  0,011  0,155*  0,139*  0,228**  0,24** 

Yt-1  0,068  0,138  0,29*  0,132  0,031 -0,066 -0,019  0,084 

M3  0,461**  1,03**  0,646  0,417  0,549  0,445  0,112  0,183 

BOND  0,005  0,051  0,108 -0,020 -0,025 -0,068 -0,160  0,092 

TT  0,782 -0,649  0,300  1,156  1,614*  1,267  0,851 -0,664 

UN -0,255** -0,531** -0,47* -0,387* -0,189 -0,224 -0,104 -0,096 

VIX -0,15*** -0,179** -0,126** -0,166*** -0,149*** -0,106*** -0,153*** -0,111** 

lEPUEU -0,034*  0,019  0,018 -0,005 -0,015 -0,05** -0,065* -0,057 

VIXt-1 -0,033 -0,016  0,015 -0,052 -0,035 -0,024 -0,054 -0,017 

EPUEUt-1  0,020  0,040  0,003 -0,004 -0,015  0,030  0,034  0,029 

Pseudo R2 
 

 0,397  0,291  0,232  0,193  0,193  0,203  0,297 
Notes: Results are available upon request. ‘*’/’**’/’***’ denotes 10%/5%/1% level of significance. EPUEU is estimated in log, all 

other series are estimated in first difference. OLS denotes ordinary least squares.  
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Figure 8 

Graphical presentation of the quantile regression coefficients 
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Notes: The Y-axis represent the value of the coefficient while the X-axis shows the corresponding market environment (τ) for the 5th, 10th, 25th, 50th, 75th, 90th and 95th 

quantile. The solid, straight red line indicates the mean estimation obtained through a simple Ordinary Least Square approach. As expected, these remain constant even when 

breaking the results down in the different market environments. The solid blue lines represent the coefficients obtained at the various market environments while the dashed 

blue line shows the 95% confidence interval. 
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7. Analysis and Discussion 

We find that the pushing factor, VIXS&P500 show a significant and negative 

relation for all countries during most levels of market environments, in other words an 

increase in expected volatility in the US stock markets is correlated to a decline in real 

estate returns in all observed markets and most environments. Only during the most 

bullish markets in the UK and Australia does this relationship elude us. The 

coefficients remained low but negative throughout each country and significant 

environment. The results for the bearish markets are in line with previous literature as 

international co-movement between general stock and property markets is well 

established. It was also expected as previous studies have found volatility indices to 

inform real estate investment trusts tail dependences (Huang et al., 2016). At the same 

time the results during the most bullish markets in Hong Kong and Singapore stand 

out from the expected results when considering the findings of Mensi et al., (2014) 

and Badshah (2011). Their findings indicates that volatility indices react more heavily 

on bearish environments and less so during bullish movements, thus indicating less 

movements in the volatility indices than the underlying markets would suggest. The 

significant coefficients found in Hong Kong and Singapore is unexpected and implies 

that these markets are more sensitive to US stock market volatility than previous 

studies have found to be expected. Finding this significance in the US is less 

surprising as the volatility index in many cases is directly connected with the actual 

real estate equities. The co-movement between VIXS&P500 and the US property market 

is well established in previous literature. 

As reported in the results we find that money supply and bond yields play a 

different role for the five countries. We know that both money supply and bond yields 

are heavily affected by a country’s chosen monetary policy. What is striking here is 

that the countries that practice a fixed exchange rate-regime, Hong Kong and 

Singapore, find their property markets to be informed by money supply but not bond 

yields. On the other hand we find that the property markets in the US, UK and 

Australia, nations that have an interest rate-approach to monetary policy, are informed 

by bond yields but not money supply. One possible explanation for this difference 

could lie in the transmission mechanisms of money supply and bond yields. 

Considering the automatic interest rate adjustment mechanism in both Hong Kong 
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and Singapore, the money supply will automatically vary in response to changes in 

the demand for their respective currency. Bullish property markets could lead to an 

increased demand for real estate equity and thus increase the demand for the currency, 

this would cause the respective central bank to automatically sell its own currency and 

thereby increase the money supply. Thus rising property markets in these countries 

should correlate with rising money supply and vice versa. This is in line with the 

empirical results observed for Hong Kong and Singapore. 

In the other end we find the US and UK have a negative correlation with bond 

yields in the bearish and median property markets, while the same is true for the 

median and bullish property market environment in Australia. The sign of the 

correlations are in line with previous empirical studies as well as economic theory as a 

decrease in bond yields should correspond with rising real estate returns (He et al., 

2003). One transmission mechanism that can explain this is that an increased demand 

for long-term government securities has been shown to decrease the yields of said 

securities, this can then spread to the real estate markets as capital is redirected to 

contracts with higher yields (Christensen, 2012). This shift in demand would then 

drive up the price in the property market and thus explain a negative relation between 

bond yields and property return. One such increase in demand for government 

securities would come from programs of quantitative easing in the US and the UK. 

Another more direct channel would be the purchases of mortgage-backed securities in 

the US and similar debt papers in the UK. This would lower mortgage rates and thus 

making it cheaper to acquire property. These programs of quantitative easing where 

not observed in Australia, however we do observe large drops in bond yields starting 

with the global financial crisis and then followed by a downwards trend during the 

observed period. One explanation could be that Australia has had higher bond yields 

than for example the US and UK, thus capital looking for safe investments would find 

its way to Australian government bonds and drive down those yields as well. 

We find that unemployment has a significant and expected negative relation 

with property markets for the bearish markets in the US, UK and Singapore. We do 

not find any significance in neither Hong Kong nor Australia. Considering the 

scarcity and lacking ease of access to unemployment assistance in Singapore this 

affect was expected as the loss of a job would mean a loss of the majority of that 

individual’s cash flow. We also expected this result to appear in Hong Kong as their 
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unemployment policies closely mimics those of Singapore. It was a surprise that they 

did not and one explanation could be that the affect was delayed, indicating a need to 

include unemployment as a lagged variable. The results observed for Hong Kong is 

also unexpected as the rise in Hong Kong´s unemployment was only surpassed by the 

UK. For Australia we expected to see a lesser correlation between the property returns 

and unemployment as they have the strongest unemployment benefits according to the 

OECD. This is reflected in the results, as we find no significant coefficients in any of 

the Australian market environments. In the US and the UK we find significant 

correlations between rising unemployment and bearish property markets, this in 

contrast to Australia, could be explained by less generous unemployment policies. 

Even though the economic policy uncertainty has few significant coefficients, 

the quantiles can give us more information than the ordinary least squares estimate in 

the 5th quantile for US and Hong Kong. EPUEU’s lack of significance particularly in 

the UK are surprising as one would expect that countries with closer ties to the 

European economy, in this case the United Kingdom and possibly the United States, 

would be more affected by economic and political turmoil within the European 

Union. 

The effect of terms of trade in the US is interesting to analyze even though it is 

an isolated relation. The coefficient is large (-2,019 to -2,238) and the relationship 

negative, thus suggesting that either a decrease in imports or increase in exports 

would correlate with falling property market returns in times of moderate downward 

pressure. This effect could possibly stem from decreased consumption in the US as 

property prices fell while the countries importing from the US did not cut their 

purchases.  
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8. Conclusions 

 The primary findings in this study have been the strength of VIXS&P500 in 

informing property market returns in all markets during bearish property returns. The 

effect the volatility index has during bullish environments for Hong Kong and 

Singapore where unexpected as it implies that those markets where more sensitive to 

US stock market volatilities than the UK or Australia. Further tests are needed to 

establish this sensitivity conclusively. We also find interesting results when observing 

the two different branches of monetary policy. We find that for those countries that 

approach monetary policy using mainly inflation targeting, in this study the US, UK 

and Australia, treasury yields informs property returns during bearish markets in the 

US and UK while informing bullish returns in Australia. It is possible this discrepancy 

is linked to large open market asset purchases (quantitative easing) conducted by the 

Federal Reserve and Bank of England. The second branch of monetary policy, Hong 

Kong and Singapore, has adapted a fixed or heavily controlled exchanged-rate regime 

instead of inflation targeting. The property markets in these countries are informed by 

money supply but not treasury yields. It is possible that this is a result of the 

automatic interest rate adjustment mechanism that automatically affects the money 

supply through the sale (purchase) of the country’s currency during upward 

(downward) pressure on the respective currency. Neither of these effects receives a 

satisfactory explanation in this paper and further studies would be informative for 

both investors and policy makers. Lastly we find the expected signage for 

unemployment in the US, UK and Singapore during bearish markets. However, we do 

not find any significance in Hong Kong nor Australia. The addition of a lagged 

unemployment variable would possibly have given more information as the effects of 

unemployment on the property market can be expected to linger initially. We find 

inconclusively that our pushing factor, the VIXS&P500, is better at informing global 

property prices during bearish market conditions. However, there are also 

theoretically coherent and significant results from our studied pulling factors. Taken 

together we are unable to establish neither pushing nor pulling as a de facto best type 

of explanatory factor. We also find the amount of insignificant results troublesome 

and it makes us question if a different model specification would have made a better 

fit than the chosen quantile regression. 
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