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Abstract: Unlike most previous studies examining the causal relationship and dependence between
exchange rates and real estate prices, this study aims to investigate the causal relationship and
dependence between these two variables in a boom-and-bust market setting using the panel quantile
Granger causality and dynamic conditional correlation (DCC) copula GARCH approaches, respec-
tively. In the panel quantile Granger causality test, quantiles 0.1 and 0.9 are considered to represent
extreme markets (bust and boom, respectively). Our first results showed the causal effects at extreme
quantiles to be very different from those at the median quantile. We also found a greater causality
between house prices and exchange rates in the boom market compared to the bust market. In the
second model, we explored the relationship between exchange rates and real estate prices, taking
boom-and-bust dynamics into account by measuring the tail dependence through the DCC copula
GARCH method. Our findings confirm the strong time-varying tail dependence between house
prices and exchange rates. The degree of tail dependence was quite stable over the sample period,
except for the periods around 1997-1998 and 2008-2009, when the degree of tail dependence was
stronger and less persistent. These two periods correspond to the two great financial crises in Asia
and the USA, respectively.
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1. Introduction

The need for food and shelter is primordial among humans and other creatures.
House prices are not only closely related to the cost of living but also reflect the states of
entire economies. Real estate is an established market that plays a vital role in economic
development and is a key factor affecting national economies and people’s livelihood;
buying a used building is generally viewed as final product consumption while buying
a new building is an investment in GDP [1]. Since the beginning of the 21st century, real
estate prices around the world have continued to rise, and different levels of “prosperity”
have emerged in developed and developing countries [2]. Moreover, the real estate market
has attracted the attention of domestic and foreign investors to a large extent, and the
demand for investment or speculation is quite high nowadays [3]. Changes in housing
prices in the real estate market are particularly prominent in economically developed
countries and regions. In some economically prosperous cities and countries, housing
prices are rising very rapidly. Some economists regard housing prices as an indicator of
economic development [4,5].
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As housing is a necessity, housing prices are always a very popular topic for discussion
and many people are keen to predict trends. Meanwhile, the housing market is inseparable
not only from local economic development but also from the interest of overseas buyers
and investors. Thus, exchange rates and housing prices in Organization for Economic
Cooperation and Development (OECD) countries, which is dominated by developed and
high-income economies, are very meaningful as research variables. The OECD is an inter-
governmental international organization with 37 member countries. In the economic field,
it puts a high value on the study of economic cycles and publishes comprehensive leading
indicators on a monthly basis. The OECD’s composite leading indicator is constructed
by synthesizing indicator data in multiple domains of the national economy according
to certain criteria; this indicator can reflect the macroeconomic development cycles of
countries, which have implications on housing prices.

Many studies attempting to identify key factors affecting house prices using univariate
analysis (see, [4,6,7]). Gallin [7] have revealed household income and mortgage rates to be
the main determinants. Later, the studies of Chen et al. [1], Mikhed and Zemcik [8], Kim and
Bhattacharya [9], Holly et al. [10], Zhou [11], Abbott and De Vita [12,13], Ding et al. [14],
Batayneh and Al [15], and Apergis et al. [16] found that household debt, stock prices,
construction costs, and policy uncertainty were other factors that affect housing prices. In
the case of multivariate analysis, Gete and Reher [17] investigated seven potential drivers of
housing prices in China using the structural vector autoregressive (SVAR) method, namely
population, credit standards, housing preferences, savings rates, expected productivity
progress, changes in land supply, and tax policy. They revealed that housing preferences
and credit shocks are key drivers of housing prices. Recently, Gete [5] applied the dynamic
stochastic general equilibrium (DSGE) model to investigate housing prices and current
account balances and found a strong correlation between them. Surprisingly, studies of the
link between exchange rates and house prices are quite limited.

In an age of global economic integration, international trade is becoming more frequent.
A clear exchange rate makes it easy for people to make decisions about international
shopping and investment. In recent years, house prices in most countries have continued to
rise. This is undoubtedly related to the flow of international capital to real estate industries
under the conditions of economic globalization [17,18]. The impacts of changes in exchange
rates are undoubtedly multifaceted. Not only will they affect foreign investment in the real
estate industry but they will also influence foreigners buying houses in a given country.
There are two reasons why foreigners buy houses abroad: for living in or as an investment.
The real estate market, which has both consumption and investment attributes, will not
only attract foreign investment and the consumption by foreigners of housing services
but will also have an impact on exchange rates. Therefore, this research uses the quantile
Granger causality test to analyze the causality between exchange rates and housing prices
in both directions.

To date, the relationship between exchange rates and housing prices has been analyzed
by a few scholars [19-21], with a focus on the one-way impact of exchange rates on
housing prices and without treating exchange rates as a determinant or establishing a
causal link between exchange rates and housing prices. However, Bahmani-Oskooee and
Wau [3], as an exception, employed the bootstrap panel Granger causality test based on the
seemingly unrelated regression (SUR) model and Wald tests with Kénya’s [22] country-
specific bootstrap critical values to investigate the link between foreign exchange markets
and housing markets. They revealed a strong linkage between house prices and exchange
rate changes in OECD countries. The depreciation of domestic currencies could increase the
cost of input materials, resulting in higher construction costs, thereby pushing up housing
prices. On the other hand, a prosperous real estate market can affect household wealth
and stimulate domestic and international consumption; as a consequence, the demand for
international currency will increase, causing currency appreciation [3,23].

While the abovementioned studies analyze the relationship between exchange rates
and housing prices from a range of different perspectives, little is known about the extreme
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dependence and causality between exchange rates and housing prices across different
market situations, such as in boom and bust scenarios.

This study aims at investigating the extreme relationship between house prices and
exchange rates using the quantile Granger causality test and tail dependence measure. In
the first method, the quantile Granger causality test of Troster [24] is employed as it enables
us to investigate the causality across all quantiles [25,26] and find out whether house
prices and exchange rates comove in the extreme quantiles (10th and 90th quantiles). This
quantile approach is more thorough in analyzing the relationship between variables than
the usual mean regression analysis. In the second method, we consider the time-varying
tail dependence to measure the extreme dependence between house prices and exchange
rates. We would like to note that tail dependence refers to the degree of dependence in the
corner of the lower-left quadrant or upper-right quadrant of a bivariate distribution. In this
study, the lower- and upper-tail dependences can be presented as the comovement between
house prices and exchange rates during bust and boom market episodes, respectively.
To measure the time-varying tail dependence, the DCC copula GARCH model of Kim
and Jung [27] is used in this study with the Student-t copula to estimate the conditional
covariance matrix and lower- and upper-tail dependences. This model will enable us to
capture the phenomenon of dependent extreme values, which is often observed in financial
return data [28].

The rapid rise in housing prices in recent years has not only affected people’s livelihood
but also brought about a series of economic issues such as those concerning investment
and loans. Real estate economics, thus, has attracted the attention of many economic
researchers. This research is the first attempt to investigate the dependence and causality
between exchange rates and housing prices in the OECD countries in both boom and bust
market episodes (or market upturn and market downturn). It is an exploration of new
directions in the field of housing prices and exchange rates. At the same time, its empirical
results can help people use the knowledge on the relationship between exchange rates and
housing prices to predict future trends in housing prices and exchange rates. Investors,
especially foreign investors, can make investment plans by predicting housing prices and
exchange rates to obtain more returns.

This paper is structured as follows. In Section 2, we outline our methodological
approaches. In Section 3, we describe our data. The findings will be presented in Section 4.
The paper will end with the concluding remarks.

2. Methodology
2.1. The Quantile Granger Causality Test

Before learning about the multivariate quantile Granger causality test, let us briefly
explain the concept of quantile Granger causality. In equation form, it is:

QUO)y (YiYp Ximp) = aF + Y Bpvep+ KoKyt (1)
p= p=

where Q(7)y is the T-th quantile conditional value of Y;. The parameters of interest, 5, are
quantile-dependent and can be different in magnitude and sign across different quantiles.
Specifically, variable Y does not cause variable X if §; = 0. Note that the quantile T ranges
between 0 and 1. In this study, we aim at examining the extreme causality in the downturn
and the upturn market, thus t = 0.1 and v = 0.9 are considered.

2.2. The Multivariate Quantile Granger Causality Test

The bootstrap multivariate quantile Granger causality test of Troster [24] is employed
to examine the causality between house prices and exchange rates in the extreme markets
of the OECD countries. As the error terms of OECD equations might be cross-sectionally
correlated, the seemingly unrelated regression (SUR) method of Zelner [29] is used to esti-
mate the quantile Granger causality test equations simultaneously. Kénya [22] confirmed
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that the SUR is more efficient than the ordinary least squares approach. The multivariate
system of the quantile Granger causality test can be written as:

GHPl,t = Déirll + szl ﬁ{,lpGle,f—P + szl (Sit,lpGExl/t_P + Zp:1 GilpGRGDpl,f—P + szl (Uit’lpcll,t_p + 81,1t
GHlet = Déirlz + Zp:l ﬁﬂlfszHPz,t_p + EP:l 5T,ZpGEX2/t—P + Zp:l QT/ZPGRGDPz/t_p + Zp:l wiszIZ,t—p + 81,2t

: (2)
GHPN s = o + 1 By GHPy—p + & 0Ny GEXN 1y + Lyt 6]y GRGDP 1y + Tyt Wiy Gliv iy + €10
p:
and
GEXl,t = “’erl + Zp:l ABE,lpGHPL[—P + Zp:l 5;1PGEX1,L‘—,U + Zp:l 65,1pGRGDP1/t—P + Zp:l w{lPGll,t_p + €21t
GEXZ,t = 06;[2 + Zp:l ﬁg/szHPZ,tfp + Zp:l 5;,2pGEX2,t7p + Zp:l GE,QPGRGDPZ,tfp + Zp:l wiszIZ,t,p + €22t (3)

GEXn; = Dé;,N + szl ﬁFZE,NpGHPN,f*P + Zp:l (S;,NpGEXNJ*P + Zp:l QE,NPGRGDPN,tfp + Zp:l winGIN,t,p + € Nt

where i = 1,..., N represents the OECD countries, GHP denotes the real house price
growth, and GEX means the real effective exchange rate growth. In this study, we consider
measuring the real effective exchange rate defined by a trade-weighted nominal exchange
rate adjusted for relative movements in national prices (proxied by a consumer price index).
In terms of real house price, it is the ratio of the nominal house price index to the consumers’
expenditure deflator in an OECD country. In terms of the nominal house price index, it
covers the sales of newly built and existing dwellings, following the recommendations
from the RPPI (Residential Property Prices Indices) manual. We also include GRGDP (real
GDP per capita growth) and GI (short-term interest rate) as the control variables to reduce
the omitted variable bias [3]. «f, B, and ;" are the estimated coefficients determining the
causality between house price growth and exchange rate growth, while 6 and w{ are the
estimated coefficients of the control variables

Then, to determine the optimal lag, the Akaike Information Criterion (AIC) is consid-
ered, and the lowest AIC is preferred. The statistic testing of this approach is based on the
Wald test in which the critical value is generated from the bootstrap method.

2.3. DCC Copula GARCH

The generalized ARCH (GARCH) model put forward by Bollerslev [30] has been
widely used in various domains of econometrics, especially in financial time series analyses.
GARCH allows the variance to vary over time. The GARCH process of each variable can
be written as:

Ty =pu+e 4)
er = e *0p; 7| ~ (0,1) 5)
0f = g0+ EL pief_; +E 907, (6)

where r; is the real house price growth or the real effective exchange rate growth, p is the
order of the GARCH term ¢, q is the order of the ARCH term e%_ i’ and ¢ is the constant
term. The GARCH term is extended for more flexible lag structures to allow for a longer
memory. e; is the random error, 07 is the conditional variance of the volatility of e;, # is

the standard residual, 77; = e—fz, w is the constant term, #¢|(); is the student-t distribution,

Vo

and ();_; is the previous information.

In this study, we use the DCC-copula to join the standardized residuals obtained from
the GARCH process to estimate the dynamic conditional correlation between house prices
and the exchange rates. According to Sklar [31], this copula function is the joint distribution
of the marginal distributions. Thus, the joint distribution of the standardized residuals of
GHP (3EHP) and GEX (3°FX) through the copula function can be expressed by:

H(mGHP, mGEX) = C(F1 (mGHP),Fn (mGEX))- @)
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where F is the cumulative distribution function, then, we can write the copula as:
C(utGHP/u?EX) _ H(Ffl (utGHP),F{l (utGEX)) ®)

where F; ! is the inverse distribution function and u{** = F; (yH?) and ulEX = F, (3FEX)
are marginal distributions that are uniform in the interval [0,1]. In this study we use the
student-t copula, thus, the density of the bivariate student-t copula with shape parameter v
is defined by:

L) (0(3)*(1+o YR ) 72"
c(rbR,v) = 2> s )

RIV((2)) P () T (14

where x; = {t;1(ufH?), ;1 (ufFX)} or standardized residuals. Note that ;! is the
quantile student-t distribution function with a degree of freedom v. R is the dependence
matrix. Then, to predict the time-varying dependence (R;), the DCC equation of Engle [32]
and Tse and Tsui [33] is used and this time-varying equation is presented as follows:

Ry = diag(Qy) ™ "/?Qudiag(Qr) /3, (10)

Q= (1-a—b)Q+ax_1x;_ ;1 +bQ 1, (11)

where a,b > 0 are the estimated parameters and a + b < 1 is required to ensure the
stationarity and positive definiteness of Q;. Q is the unconditional variance—covariance
matrix of the standardized errors 71" and CEX.

As the two-dimensional data are considered (house price and exchange rate), the
bivariate DCC copula GARCH model is constructed and estimated by the two-stage maxi-
mum likelihood estimator. Note that although estimating all parameters simultaneously
yields the most efficient estimates, the numerical maximization of the full likelihood is
not easy with the “curse of dimensionality” [34]. In our two-step estimation, the full
log-likelihood for DCC copula can be expressed as the sum of the GARCH and the DCC
copula parts.

logL(®), = log L(®1), + logL(®P7),, (12)

= log(f(GHP,, j1, 91,91 ), +10g(f (GEX4, 2, 92, 82)) 4 log(c(x;a,b, Ry, 0)),, - (13)
where log(f(+))¢ is the log conditional student-t likelihood at time ¢, which is given by

log f(ri; u, 9, 9), = {logF<‘/—2’—1) - logf(%) - %log[n(v - 2)]] - % {logatz +(v+ 1)log(1 + ve—%Zﬂ (14)

where v is the degree of freedom and c(x¢;a,b, Ry, v), is the copula DCC likelihood at time
t. In the two-stage estimation, the full likelihood of the DCC copula GARCH model is
separated into two parts, namely the GARCH likelihood and the DCC copula likelihood.
We then estimate the parameters of the GARCH and the DCC copula parts by the two-stage
approach as follows:

In the first step, the parameters of the univariate GARCH model can be estimated
separately for each variable:

T
&y = argmax Y logL(®),. (15)
=1
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Then, the standardized residuals x; obtained from the first step are given in the DCC
copula likelihood (second step) and the parameters in the DCC likelihood are estimated by:

T
b, = argmax Y logL(xs; ®7),. (16)
=1

Regarding the estimation of this approach, the Broyden—Fletcher—-Goldfarb—Shanno
(BFGS) algorithm, which requires only first derivatives, is used to obtain the maximum
likelihood estimates of Equations (15) and (16) [35].

2.4. Tail Dependence Measure

To study the tail dependence between the exchange rate and house price is one of
our purposes. In probability theory, the tail dependence of a pair of random variables is
a measure of their movements in the tails of the distributions. Tail dependence describes
the amount of dependence in the tail of a bivariate distribution. Hence, we turn to tail
dependence as a dependence measure to make this comparison possible. To measure the
time-varying tail dependence, the dynamic conditional dependence obtained from the DCC
copula GARCH is transformed by the following equations:

1—2u+ C(u,u)

u_q -1 -1 T
™ = lLllmmPT(xl >F (u)‘xz > F, (u)) = B?} T (17)
. _ _ . C(u,u)
T E%Pr(xl <F (u)’xz <F (u)) ILII% " (18)

where U, 7l € [0,1] are the upper and the lower tail dependence, respectively. For
U = 7k = 0, there is no tail dependence. We note that the upper and the lower tail
dependences refer to bust and boom markets, respectively [36,37].

3. Empirical Model and Data
3.1. Data Sources

The quarterly data collected for this study include the real house prices index, the
real effective exchange rates, the real gross domestic product (GDP) per capita, and the
short-term interest rate of 18 OECD countries from 1994 Q1 to 2020 Q4. These countries are
considered due to their data availability. The sources of data can be found in OECD Data
and the Bank for International Settlements (BIS). The 18 countries are Australia, Belgium,
Canada, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Japan, the Netherlands,
Portugal, South Korea, Spain, Sweden, the UK, and the USA. All variables are transformed
into growth rate (computed as log first difference) to address stationarity.

3.2. Summary Statistics and Time Series and Panel Unit Root Test

Table 1 presents the descriptive statistics of the real effective exchange rate index of
18 OECD countries as well as the corresponding unit root test results. It can be seen that
Japan has the highest standard deviation, which indicates that the Japanese exchange rate
has the largest fluctuation during the period from 1994 to 2020 in this study. In contrast,
Portugal has the lowest standard deviation, which indicates that the Portuguese exchange
rate has been the most stable during this time. To verify whether the variable is stationary
or not before performing the quantile Granger causality test and DCC copula GARCH
estimation, we conduct an Augmented Dickey-Fuller (ADF) unit root test with the null
hypothesis that the time series has a unit root and is not stationary. Note that we transform
all variables into growth rates before running the ADF test. As seen in Table 1, the ADF
test results for all variables have a p-value smaller than 0.01, indicating that the time-series
growth of the real effective exchange rate of all countries is stationary.
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Table 1. Descriptive statistics of the real effective exchange rate index of OECD countries.

Variable Max Min Mean Skew Kurt Std.Dev ADF p-Value
Australia 120.848 72.955 94.389 0.234 -0.770 12.838 —8.395 0.000
Belgium 111.058 95.254 103.711 —0.480 0.166 3.192 —7.627 0.000
Canada 126.723 87.319 103.608 0.500 —1.002 10.735 —8.682 0.000
Denmark 110.898 97.291 103.808 0.257 —0.494 2.964 —8.325 0.000
Spain 110.965 92.976 101.621 —0.193 —1.003 4.670 —6.210 0.000
Finland 119.982 98.518 105.490 1.0548 1.225 4.540 —7.739 0.000
France 120.366 99.406 108.719 0.150 —1.050 5.627 —7.534 0.000
Germany 130.240 99.065 110.283 0.752 —0.031 7.381 —8.140 0.000
Ireland 129.494 91.610 106.246 0.638 —0.381 8.759 —7.300 0.000
Italy 110.741 90.253 103.993 -0.322 0.175 3.943 —-8.113 0.000
Japan 213.346 98.582 139.673 0.378 —0.550 26.527 —4.929 0.001
Korea 119.522 69.536 99.555 0.011 0.074 9.912 —-8.793 0.000
Netherlands 110.708 94.722 104.027 —0.131 —0.626 3.673 —8.126 0.000
Norway 126.351 89.921 110.854 —0.570 —0.163 7.516 —9.564 0.000
Portugal 106.758 94.534 101.467 -0.179 -0.872 2.953 -9.671 0.000
Sweden 137.776 90.436 112.254 0.083 —0.528 11.368 —8.135 0.000
UK 115.69 83.078 98.868 0.121 —1.591 10.669 —7.177 0.000
USA 116.228 84.596 99.131 0.086 —0.959 8.116 —7.950 0.000
Table 2 provides the summary statistics of housing price data of 18 OECD coun-
tries from 1994 to 2020. By comparing the highest ranges of house price levels of these
18 countries, one can see that the highest is that of Spain and the lowest is Finland’s. Among
the lowest house price levels, the highest is Portugal’s and the lowest is Norway’s. Mean-
while, the average house price is the highest in Portugal and the lowest in Norway. The
country with the largest house price standard deviation is Ireland, meaning that Ireland’s
housing prices fluctuate the most. In contrast, South Korea has the lowest standard devia-
tion, indicating that South Korea’s housing prices were the most stable during this period.
In addition, Table 2 also shows the results of the ADF test for housing price growth with
the p-value of all variables being lower than 0.01, indicating that all the variable series are
stationary. In addition, as the panel data is used for the panel multivariate quantile Granger
causality test, we conduct the Levin, Lin, and Chu (LLC) test to examine the stationarity
of our panel variables and the result is reported in Table 3. We can observe that all panel
variables are stationary as the p-values of the LLC test are zero.
Table 2. Descriptive statistics of the housing price index of OECD countries.
Variable Max Min Mean Skew Kurt Std.Dev ADF p-Value
Australia 112.179 40.148 74.937 —0.136 —-1.259 23.278 —4.869 0.000
Belgium 110.800 53.832 85.191 —0.447 —1.445 18.479 —3.691 0.000
Canada 133.800 48.077 78.426 0.489 —1.001 26.360 -5.272 0.000
Denmark 121.965 46.888 88.228 —0.253 —-1.071 21.957 —3.780 0.000
Spain 165.874 69.145 108.657 0.301 —1.006 28.799 —3.494 0.000
Finland 105.900 56.315 88.791 —0.776 —0.854 15.853 —4.061 0.000
France 114.000 50.697 86.695 —0.526 —1.507 22.641 —2.935 0.000
Germany 133.100 87.800 101.454 0.949 0.542 10.492 —8.966 0.000
Ireland 160.800 46.900 103.179 —0.159 -0.791 30.737 —3.494 0.000
Italy 136.350 85.067 107.844 0.400 -1.169 15.418 —10.435 0.000
Japan 146.017 92.900 111.782 0.816 —0.834 16.292 —4.216 0.001
Korea 112.522 72.840 94.370 —-0.875 —0.148 9.052 —4.628 0.000
Netherlands 134.100 56.552 104.868 —0.944 —0.188 20.939 —3.494 0.000
Norway 110.100 32.00 73.843 —0.162 1.342 24.906 —6.055 0.000
Portugal 144.800 93.300 120.694 —0.398 —0.780 13.672 —3.494 0.000
Sweden 123.300 35.549 73.518 0.096 —-1.211 26.440 —4.887 0.000
UK 112.300 38.900 82.271 —0.655 —1.059 24.405 —4.363 0.000
us 127.800 73.900 96.687 0.115 —1.054 14.926 -3.493 0.000
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Table 3. The LLC panel unit root test results.

Variable Max Min Mean Skew Kurt Std.Dev LLC p-Value
EX 124.316 90.558 105.983 0.133 —0.466 8.077 —5.993 0.000
HP 128.095 60.045 93.413 —0.120 —0.750 20.258 —8.234 0.000

RGDP 62,991.91 25,384.09 35,024.32 —0.233 2.228 4943.922 —4.083 0.000
I 22.832 0.073 21.908 0.830 2.768 2.739 —5.031 0.000

3.3. The Quantile Granger Causality Test Results

To achieve the first purpose of the study, we aim to find the extreme Granger Causality.
Thus, quantile T = 0.1 and T = 0.9 are considered to reveal the relationship between housing
prices and exchange rates in the bust market and the boom market in 18 OECD countries,
respectively. The bootstrapped quantile Granger causality relationship between housing
prices and exchange rates in the bust market is reported in Table 4.

Table 4. The results of quantile Granger causality between housing prices and exchange rates in the
boom market in OECD countries (quantile = 0.9).

GEX Cause GHP GHP Cause GEX
Country . .
p-Value Causality p-Value Causality

Australia 0.121 Yes 0.211 Yes
Belgium 0.023 No 0.301 Yes
Canada 0.121 Yes 0.108 Yes
Denmark 0.503 Yes 0.232 Yes
Spain 0.221 Yes 0.122 Yes
Finland 0.343 Yes 0.003 No
France 0.245 Yes 0.005 No
Germany 0.434 Yes 0.003 No
Ireland 0.107 Yes 0.293 Yes
Italy 0.201 Yes 0.193 Yes
Japan 0.105 Yes 0.762 Yes
Korea 0.321 Yes 0.201 Yes
Netherlands 0.294 Yes 0.184 Yes
Norway 0.056 No 0.501 Yes
Portugal 0.301 Yes 0.211 Yes
Sweden 0.104 Yes 0.401 Yes
UK 0.000 No 0.000 No
USA 0.000 No 0.329 Yes

We would like to note that the null hypothesis is rejected when the p-value is less than
0.10. The results in Table 5 show that (1) there is no extreme Granger causality between the
exchange rate and house prices in the UK during the bust market regime; (2) the unilateral
Granger causality is found from house prices to exchange rate in the cases of Belgium,
Norway, and the USA, and from exchange rate to house prices in the cases of Finland,
France, and Germany; and (3) a bidirectional extreme causality between house price and
exchange rate is found in the cases of Australia, Canada, Denmark, Spain, Ireland, Italy,
Japan, Korea, the Netherlands, Portugal, and Sweden. Therefore, we can conclude that
the significant Wald test statistic supports either one-way or two-way Granger causality
between the housing prices and exchange rates of 17 out of 18 OECD countries during the
bust market regime.
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Table 5. The results of quantile Granger causality between housing prices and exchange rates in the
bust market in OECD countries (quantile = 0.1).

GEX Cause GHP GHP Cause GEX
Country
p-Value Causality p-Value Causality

Australia 0.000 No 0.008 No
Belgium 0.344 Yes 0.490 Yes
Canada 0.108 Yes 0.000 No
Denmark 0.693 Yes 0.390 Yes
Spain 0.000 No 0.440 Yes
Finland 0.202 Yes 0.842 Yes
France 0.839 Yes 0.108 Yes
Germany 0.224 Yes 0.421 Yes
Ireland 0.409 Yes 0.213 Yes
Italy 0.156 Yes 0.224 Yes
Japan 0.772 Yes 0.302 Yes
Korea 0.394 Yes 0.221 Yes
Netherlands 0.000 No 0.209 Yes
Norway 0.834 Yes 0.200 Yes
Portugal 0.247 Yes 0.498 Yes
Sweden 0.690 Yes 0.702 Yes
UK 0.509 Yes 0.287 Yes
USA 0.873 Yes 0.654 Yes

Considering the boom market (T = 0.9), shown in Table 4, the results of the Granger
causality between exchange rates and house prices can be summarized in three parts.
(1) There is no Granger causality between exchange rate and house price in Australia.
(2) A unilateral Granger causality is found from house price to exchange rate in the cases
of Spain and the Netherlands and from exchange rate to house price for Canada. (3) The
bidirectional causality between house prices and exchange rates is found in the cases
of Belgium, Denmark, Finland, France, Germany, Ireland, Italy, Japan, Korea, Norway,
Portugal, Sweden, the UK, and the USA. Therefore, we can conclude that there is also
either a unidirectional or bidirectional causal relationship between house prices and the
exchange rates of virtually all 18 OECD countries (except the UK) during the boom market.
By comparing the Granger causality in the boom with that in the bust episode, we find that
the causal relationship between house price and exchange rate during the boom market is
stronger as the bidirectional Granger causality is significant in 14 out of 18 countries, while
only 11 out of 18 countries are found to have two-way causality in the bust market.

Before finishing the panel quantile analysis, we illustrate in Table 6 the results of this
model based on quantile 0.5 to reflect the causality relationship between exchange rates
and real estate prices under the normal market conditions. It can be observed that the
causal effects at median quantiles are quite different from those at extreme quantiles in
many countries. For example, there is no Granger causality between exchange rates and
real estate prices in Spain, Sweden, or Denmark in the normal market condition but there is
a bidirectional causality relationship between these two variables in both the boom and
the bust market regimes for Sweden and Denmark (for Spain only in the bust market).
Moreover, a weaker causality between exchange rates and real estate prices at the median
quantile is evident as the bidirectional Granger causality is significant only in 7 out of
18 countries (Finland, France, Italy, Japan, Korea, Netherlands, and Norway). This suggests
that causality between exchange rates and real estate prices becomes stronger in the boom
and the bust market periods. Our results indicate the suitability of the quantile causality
approach in helping unveil the situation/regime-specific relationship between variables
outside the time of market normality that can be different across countries.
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Table 6. The results of quantile Granger causality between housing prices and exchange rates in the
normal market in OECD countries (quantile = 0.5).

GEX Cause GHP GHP Cause GEX
Country
p-Value Causality p-Value Causality

Australia 0.023 No 0.223 Yes
Belgium 0.001 No 0.824 Yes
Canada 0.774 Yes 0.002 No
Denmark 0.002 No 0.001 No
Finland 0.292 Yes 0.229 Yes
France 0.301 Yes 0.493 Yes
Germany 0.224 Yes 0.000 No
Ireland 0.092 No 0.254 Yes
Italy 0.392 Yes 0.119 Yes
Japan 0.743 Yes 0.394 Yes
Korea 0.224 Yes 0.320 Yes
Netherlands 0.302 Yes 0.983 Yes
Norway 0.924 Yes 0.291 Yes
Portugal 0.000 No 0.390 Yes
Spain 0.021 No 0.000 No
Sweden 0.091 No 0.083 No
UK 0.000 No 0.000 No
USA 0.345 Yes 0.011 No

3.4. The DCC Copula GARCH Results

The second purpose of this study is to explore the time-varying dependence between
house prices and exchange rates in the boom and the bust markets. Hence, the DCC copula
GARCH (1,1) method is used. The estimated results are considered more informative if
we divide them for discussion into three parts, namely, GARCH (1,1) of exchange rates
(Table 7), GARCH (1,1) of house prices (Table 8), and the DCC copula (Table 9).

The results of the GARCH parts of the exchange rates and house prices reveal both
the ARCH effects (¢?) and the GARCH effects (¢?) to be positive and highly significant in
all variables, implying that exchange rates and house prices of OECD countries have high
volatility persistence.

Next, we turn our attention to the goodness-of-fit of the GARCH results. The Ljung—
Box Q statistic at lag 1 (Q(1)) and ARCH-LM at lag 1 (ARCH(1)-LM) are considered
here to examine the autocorrelation and heteroscedasticity, respectively. The p-value of
Q1 is reported in the 9th column leading to the acceptance of the null hypothesis of no
autocorrelation for all variables, which indicates that there is no autocorrelation problem
in our standardized residuals. In terms of the ARCH(1)-LM test, the result is reported
in the 10th column, indicating the nonexistence of heteroskedasticity in the standardized
residuals.

Table 9 shows the results of the DCC copula part. Furthermore, to confirm the relia-
bility of the results of the Student-t DCC copula model, we compare its performance with
that of three competitive models, namely normal DCC copula, normal CCC copula, and
student-t CCC copula, using Akaike information criterion (AIC) and Bayesian information
criterion (BIC). From the last panel of Table 8, we can find that AIC and BIC for the student-t
DCC copula are lower than those for the corresponding constant conditional copulas and
normal copula. Thus, the result when using the Student-t DCC copula indicates that there
is a structural shift in the dynamic dependence between house prices and exchange rates in
the OECD countries. Our results are in line with those of Zimmer [38] and Bissoondeeal
and Tsiaras [2], showing that the time-varying student-t copula is an important feature in
modeling the dependence structure between house prices and financial variables.
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Table 7. The results of GARCH (1,1) for exchange rate.

Parameter u Po P1 " LikEl?]:gloo d Qm ARCH (1)-LM
Australia 0.001 * 0.000 * 0.001 * 0.996 * 300.745 0.915 0.564
(0.001) (0.000) (0.013) (0.015)
Belgium 0.000 * 0.000 * 0.006 * 0.990 * 428.020 0.814 0.511
(0.001) (0.000) (0.028) (0.032)
Canada 0.000 * 0.000 * 0.277* 0.583 * 331.006 0.739 0.720
(0.001) (0.000) (0.179) (0.174)
Denmark 0.000 * 0.000 * 0.004 * 0.993 * 415.697 0.994 0.139
(0.001) (0.000) (0.044) (0.050)
Spain 0.000 * 0.000 * 0.001 * 0.997 * 420.142 0.462 0.359
(0.000) (0.000) 0.002 0.002
Finland 0.000 * 0.000 * 0.115* 0.840 * 399.687 0.484 0.334
(0.000) (0.000) (0.326) (0.357)
France 0.001 * 0.000 * 0.001 * 0.998 * 425.977 0.618 0.791
(0.001) (0.000) (0.002) (0.002)
Germany —0.001 * 0.000 * 0.000 * 0.998 * 397.402 0.752 0.174
(0.001) (0.000) (0.001) (0.001)
Ireland 0.000 * 0.000 * 0.000 * 0.998 * 378.668 0.340 0.609
(0.001) (0.000) (0.001) (0.001)
Italy 0.000 * 0.000 * 0.263 * 0.562 * 404.200 0.963 0.508
(0.001) (0.000) (0.097) (0.090)
Japan —0.003 * 0.000 * 0.000 * 0.995 * 288.104 0.846 0.668
(0.002) (0.000) (0.014) (0.018)
Korea 0.002 * 0.000 * 0.467 * 0.264 * 308.411 0.379 0.640
(0.001) (0.000) (0.547) (0.275)
Netherlands 0.000 * 0.000 * 0.000 * 0.997 * 399.928 0.757 0.712
(0.001) (0.000) (0.001) (0.001)
Norway —0.001 * 0.000 * 0.000 * 0.999 * 336.605 0.376 0.804
(0.001) (0.000) (0.007) (0.006)
Portugal 0.000 * 0.000 * 0.006 * 0.989 * 463.464 0.215 0.454
(0.000) (0.000) (0.019) (0.022)
Sweden —0.001 * 0.000 * 0.000 * 0.998 * 339.252 0.136 0.942
(0.001) (0.000) (0.000) (0.000)
UK —0.001 * 0.000 * 0.000 * 0.999 * 342.664 0.758 0.937
(0.001) (0.000) (0.008) (0.007)
USA 0.000 * 0.000 * 0.000 * 0.999 * 347.242 0.654 0.550
(0.001) (0.000) (0.005) (0.005)

Note: () denotes standard error and “*” stands for statistical significance at the 5% level. Q (1) is the Ljung-Box Q
statistic for the null hypothesis that there is no autocorrelation up to order 1 for the standardized residuals.

The average value of dependence is found to be positive and less than 1, indicating
that there is a positive correlation between exchange rates and house prices in all countries
during the normal market situation. The lowest value of the mean dependence is 0.060 for
Germany and the highest is 0.419 for the UK. This means that in the normal market, the
average correlation in the UK between house prices and exchange rates is the strongest,
while the average correlation in Germany is the weakest among the OECD countries.

Meanwhile, the average value of tail dependence, which tells the degree of comove-
ment between a pair of random variables in the extreme market, is less than that of
dependence in all countries but Germany, implying that the relationship between house
prices and exchange rates in Germany becomes stronger during extreme markets. The
highest value of tail dependence is 0.172 for the UK and the lowest value is 0.061 for
Germany. This indicates that in the extreme market the comovement between house prices
and exchange rates in the UK is the highest, while that in Germany is the lowest among the
18 OECD countries.
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Table 8. The results of GJR-GARCH (1,1) for housing price.

Parameter u Po @1 " LikEl?]:gloo d Qm ARCH (1)-LM
Australia 0.004 * 0.000 * 0.000 * 0.995 * 404.508 0.069 0.195
(0.002) (0.000) (0.010) (0.011)
Belgium 0.003 * 0.000 * 0.008 * 0.985 * 424.184 0.061 0.400
(0.000) (0.000) (0.022) (0.027)
Canada 0.004 * 0.000 * 0.456 * 0.543 * 425.671 0.399 0.776
(0.001) (0.000) (0.207) (0.144)
Denmark 0.004 * 0.000 * 0.346 0.477 409.341 0.565 0.624
(0.001) (0.000) (0.180) 0.123
Spain —0.002 * 0.000 * 0.223* 0.665 * 413.902 0.684 0.843
(0.004) (0.000) (0.098) (0.057)
Finland 0.000 * 0.000 * 0.589 * 0.410* 422.550 0.622 0.649
(0.001) (0.000) (0.297) (0.073)
France —0.003 * 0.000 * 0.475* 0.463 * 466.536 0.899 0.845
(0.002) (0.000) (0.208) (0.034)
Germany —0.001 * 0.000 * 0.169 * 0.763 * 429.898 0.819 0.863
(0.001) (0.000) (0.038) (0.062)
Ireland 0.002 * 0.000 * 0.148 * 0.741 % 361.837 0.725 0.692
(0.005) (0.000) (0.055) (0.069)
Italy —0.008 * 0.000 * 0.354 * 0.398 * 468.160 0.717 0.590
(0.002) (0.000) (0.177) (0.133)
Japan —0.002 * 0.000 * 0.314* 0.685 * 484.814 0.806 0.808
(0.001) (0.000) (0.151) (0.097)
Korea 0.000 * 0.000 * 0.165* 0.834 * 434.012 0.889 0.968
(0.000) (0.000) (0.134) (0.069)
Netherlands 0.005 * 0.000 * 0.090 * 0.664 * 447.000 0.507 0.922
(0.003) (0.000) (0.025) (0.061)
Norway 0.005 * 0.000 * 0.220* 0.638 * 392.873 0.722 0.857
(0.001) (0.000) (0.0701) (0.085)
Portugal —0.001 * 0.000 * 0.000 * 0.999 * 425.741 0.858 0.586
(0.002) (0.000) (0.024 %) (0.018)
Sweden 0.005 * 0.000 * 0.000 * 0.999 * 417912 0.735 0.644
(0.001) (0.000) (0.007) (0.007)
UK 0.004 * 0.000 * 0.389* 0.610* 404.876 0.981 0.571
(0.002) (0.000) (0.138) (0.110)
USA 0.004 * 0.000 * 0.265* 0.706 * 504.900 0.775 0.743
(0.002) (0.000) (0.116) (0.095)

Note: () denotes standard error and “*” stands for statistical significance at the 5% level. Q (1) is the Ljung-Box Q
statistic for the null hypothesis that there is no autocorrelation up to order 1 for the standardized residuals.

Table 9. The results of the DCC copula part.

Country Coef SE p-Value Mean (Dep) Mean (Tail)

Australia a 0.252 0.117 0.032 0.355 0.160
b 0.001 0.001 1.000

Belgium a 0.001 0.011 0.929 0.145 0.079
b 0.001 0.001 1.000

Canada a 0.110 0.096 0.252 0.325 0.140
b 0.655 0.374 0.080

Denmark a 0.001 0.062 0.988 0.091 0.067
b 0.001 0.001 1.000

Spain a 0.012 0.074 0.871 0.181 0.088
b 0.753 0.493 0.127

Finland a 0.001 0.026 0.970 0.112 0.071
b 0.001 0.001 1.000

France a 0.002 0.036 0.967 0.335 0.135
b 0.924 0.001 1.000
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Table 9. Cont.

Country Coef SE p-Value Mean (Dep) Mean (Tail)

Germany a 0.001 0.153 0.995 0.060 0.061
b 0.611 7.354 0.934

Ireland a 0.001 0.001 1.000 0.140 0.076
b 0.001 0.001 1.000

Italy a 0.001 0.141 0.994 0.074 0.063
b 0.449 5.484 0.935

Japan a 0.044 0.196 0.821 0.236 0.103
b 0.567 0.594 0.339

Korea a 0.001 0.074 0.989 0.384 0.153
b 0.001 13.290 1.000

Netherlands a 0.059 0.103 0.571 0.071 0.064
b 0.001 0.001 1.000

Norway a 0.233 0.112 0.037 0.310 0.150
b 0.497 0.258 0.054

Portugal a 0.223 0.159 0.159 0.336 0.149
b 0.001 0.382 0.998

Sweden a 0.001 0.046 0.983 0.209 0.095
b 0.855 1.525 0.575

UK a 0.081 0.001 1.000 0.419 0.172
b 0.001 0.001 1.000

USA a 0.047 0.043 0.273 0.352 0.149
b 0.881 0.001 1.000

DCC-Copula (Normal Copula) AIC = 278.829 BIC = 300.092
CCC-Copula (Normal Copula) AIC = 293.093 BIC = 317.023
DCC-Copula (Student-t Copula) AIC = 257.098 BIC = 280.189

CCC-Copula (Student-t Copula) AIC = 285.229 BIC = 302.109

Note: dep and tail stand for dependence and tail dependence between house price and exchange rate. CCC stands
for constant conditional correlation model.

By comparison, the dependence parameter of all 18 OECD countries except for Ger-
many has a smaller value in the extreme market than in the normal market. This indicates
that the contagion between house prices and exchange rates in the OECD countries is much
stronger during the normal market than during the extreme market. We also find that if
the dependence is large, the tail dependence is large as well, and vice versa. It means that,
relative to other countries, the country with a stronger correlation between house prices
and exchange rates in the normal market time will have a higher HP-EX contagion during
the extreme market period.

In summary, the correlation between house prices and exchange rates in 18 OECD
countries becomes weaker in the transition from the normal market phase to the extreme
market episode.

In addition, we hypothesized that the correlation between house prices and exchange
rates may not be constant over time. To confirm our expectations and our hypothe-
sis, we have plotted the time-varying nature of the dependence and tail dependence
in Figures 1 and 2, respectively.
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Figure 1. The dependence between house prices and exchange rates in OECD countries.

Figure 1 shows the time-varying dependence between house prices and exchange rates
in 18 OECD countries in the period 1994Q1-2020Q4. The dependence of most countries
(11 out of 18) fluctuates around their average values. In other words, the dependence of
these 11 countries is more stationary than the other seven countries. Among them, the
time-varying dependences of Germany and Japan show a gradual change, while those of
Australia, Belgium, Denmark, Finland, Ireland, Korea, The Netherlands, Portugal, and the
UK present a swing movement.

The other seven countries exhibit time-varying dependence that does not fluctuate
around their average value. Among them, Canada, France, Norway, Spain, and the USA
have a weak fluctuation, while Italy presents a relatively greater fluctuation.

Considering the degree of dependence, a value larger/smaller than 0 indicates a
positive/negative correlation between house prices and exchange rates, respectively. We
find that the values of time-varying dependence between housing prices and exchange
rates are mostly positive for the OECD countries in the sample period.

Interestingly, both positive and negative values are found in the cases of Australia,
Canada, Japan, the Netherlands, Norway, Portugal, and the USA, indicating the existence
of both positive and negative correlations between house prices and exchange rates. The
negative values were found in two time periods: from 2000 to 2005 and 2015 to 2020. We
find that the real effective exchange rates of these eight countries decreased, while house
prices increased during these periods.
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Figure 2. The tail dependence between house prices and exchange rates for OECD countries.
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Figure 2 presents the time-varying tail dependence between house prices and exchange
rates in the OECD countries. Along the sample period, the tail dependence of most countries
(14 out of 18) has a high fluctuation but with movements around the mean, indicating that
the time-varying tail dependence is quite stable. Among the remaining four countries,
Spain has a high tail dependence fluctuation, while the fluctuation of France, Sweden, and
the USA is quite weak. In terms of effect, the estimated values of tail dependence are greater
than 0 between 1995 and 2020 for all countries. This means there is always a contagion
between house prices and exchange rates in the extreme market episodes. The degree of tail
dependence is relatively high around 1997-1998 and 2008-2009, corresponding to the Asian
financial crisis and the subprime mortgage crisis in 2008. The possible reason is that, during
the crisis period, investors seek to diversify their losses by selling some of their assets
and purchasing other new assets. This fact allows for the contagion effects between house
prices and exchange rates [39]. Our study highlights the challenges of market risk during
economic downturns and the danger of under-predicting risk if time-varying dependence
is ignored.

Comparing Figures 1 and 2, the tail dependence has a smaller amplitude but higher
fluctuation than the normal dependence. This indicates that the relationship between house
prices and exchange rates of OECD countries is not stable in either normal or extreme
market situations. However, the degree of dependence in the normal market is stronger
than in the extreme markets [40].

4. Conclusions and Discussion

This empirical study employed quantile Granger causality and DCC copula GARCH
to examine the causality and dependence between exchange rates and house prices in the
OECD countries in the cycle of boom-and-bust markets during 1994QQ1-2020Q4.

Overall, the results of the quantile Granger causality test revealed that in most cases
there was a bidirectional Granger causality between house prices and exchange rates in
OECD countries. In the bust market, we found no Granger causality between exchange
rates and house prices in the UK; a unilateral one in Belgium, Finland, France, Germany,
Norway, and the USA; and a bidirectional one elsewhere. In the boom market, there was no
Granger causality between exchange rates and house prices in Australia; a unilateral one in
Canada, Spain, and the Netherlands; and a bidirectional one in the remaining countries.
Our mixed results from this study are similar to the findings of Bahmani-Oskooee and
Wau [3], who found a consistently mixed relationship between oil and housing prices in
OECD economies. However, our study provides more solid evidence that the mixed
causality between housing markets and foreign exchange markets also occurs in the boom-
and-bust market setting. This indicates that the direction of causality between real estate
and the foreign exchange markets of the OECD may be determined by various factors that
are country-specific.

The results of the DCC copula GARCH model estimation showed that there was a
positive correlation between house prices and exchange rates in some OECD countries
between 1995-2020. However, the time-varying dependences between house prices and
exchange rates in Australia, Belgium, Japan, the Netherlands, Norway, Portugal, and the
United States of America showed negative values in some subperiods, particularly 2000
2005 and 2015-2020. Then, the estimated dependence was further used for calculating
the time-varying tail dependence. This enabled us to investigate the house price and
exchange rate nexus in extreme events. The results showed that there is always contagion
between exchange rates and house prices in the 18 OECD countries, as the degree of tail
dependences of all pairs varied above the 0 value throughout the sample period. This
implies that the two markets are likely to crash together. Therefore, any severe instability in
one market is likely to coincide with turmoil in the other [2]. Considering that the average
tail dependence value is smaller than the average dependence value in all countries except
for Germany, we may conclude that the contagion between house prices and exchange rates
becomes weaker in extreme markets. As pointed out by Lucarelli, Andrini, and Bianchi [41]
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and Gobbi and Lucarelli [42], Germany tends to reduce its foreign trade in periods of
currency depreciation and in periods of depreciation the peripheral Eurozone economies
always increase their integration with the German economic system. The inflationary
effects of currency depreciation can spread to housing markets and push house prices
higher. However, the degree of transmission depends on how dependent a country is on
imported materials that are used in the construction business. In the case of Germany, the
inflationary dynamics in house prices that are concentrated in the peripheral countries of
the Eurozone may have been transmitted to the German house market with more vigor,
precisely in the phases of depreciation of the Euro that favored imports from the European
peripheries to Germany.

According to the above results, we suggest that OECD governments control extreme
housing prices by lowering exchange rates, and likewise, that extreme exchange rates be
controlled by lowering house prices. In addition, as the lag variable was used in the quantile
Granger causality test, governments and investors can use house prices to predict exchange
rates, and vice versa. Moreover, our results suggest that the increased contagion effect
between house prices and exchange rates during financial crises will erode diversification
benefits; therefore, institutions and investors should be aware of this contagion effect and
consider other assets to diversify their risks. Last but not least, policymakers in the OECD
community should remain observant of the extreme comovement between exchange rates
and house prices and intervene when necessary to ensure price stability.

Some limitations of this article may become directions for future work. Firstly, we
used quarterly data, while monthly or daily data could help to better understand the
conversion or transformation of time series. Future research could collect monthly or
daily data to better capture the changes in the causality and correlation between house
prices and exchange rates. Secondly, because the variables analyzed in this article were
confined to exchange rates and macroeconomic factors, future research could introduce
other control variables such as interest rates, gross domestic product, government policies,
and population growth in the 18 OECD countries. From a methodological perspective,
our DCC copula GARCH relied on the Student-t distribution, and thus it may not be
applicable when asymmetric tail dependence exists. Therefore, the use of mixed copula
and asymmetric copulas is suggested in future studies [43].
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