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Abstract. Joint new records in the stock and housing markets are now gradually becoming a focal point of
controversy in Taiwan. Based on the local heterogeneity of real estate assets, this study proposes setting up
a two-market transmission mechanism between the stock and city-level housing markets to fully reply to this

question. The estimation results using the Diebold-Yilmaz spillover method offer some critical information:
the fact that the overheated housing market is precisely caused by the Taiwan stock market, which serves as
evidence of the wealth effect. As far as the housing network is concerned, it is interesting to note that housing
prices in Taipei as the source city spill out from near to far: New Taipei, Taichung and ultimately Kaohsiung. All
these things make it clear that the authorities pay special attention to the status of the stock market as well
as to inter-city differences in terms of housing spillovers.
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1. Introduction

Following the outbreak of the global financial crisis (GFC)
in 2008, it was eventually recognized that financial systems
are vulnerable to housing market downturns (Reinhart &
Rogoff, 2008; Blanchard et al., 2010; Jorda et al., 2015;
Agnello et al., 2018; Brunnermeier et al., 2020; Chiang &
Chen, 2025; Chen et al.,, 2025). On the other hand, due to
huge discrepancies between housing and other financial
commodities (i.e., stocks) in terms of their characteristics,
increasing numbers of institutional investors would like to
consider real estate assets as another essential component
of their portfolios owing to their ability to reduce risk and
stabilize cash flows (De Wit, 2010; Gallo & Zhang, 2010;
Yavas & Yildirim, 2011). As a consequence, stock and hous-
ing assets are now both generally regarded as the most
important ingredients of a financial portfolio (Oikarinen,
2010), and so the connectedness between the stock and
housing markets deserves explicit emphasis. In particular,
we see two separate directions for their interaction. In real
estate research, a considerable number of housing stud-
ies have been devoted to the interrelationships among
local housing markets excluding the possibilities of other
financial markets like the stock market (Lee et al., 2016;
Gholipour & Lean, 2017; Tsai & Chiang, 2019; Chen et al.,
2024). By contrast, past financial research has almost ex-
clusively concentrated on the national housing market in

relation to the stock market and has neglected the local
heterogeneity that characterizes real estate properties. To
fill this gap, the purpose of this paper is to probe more
deeply into the interaction between the stock market and
city-level housing markets.

More recently, a surging tide of capital inflows and
outflows caused by unconventional and even unlimited
monetary policies, especially following the COVID-19
pandemic, has ignited an investment frenzy worldwide.
Taiwan is a particularly notable case, with its stock price
(SP) and city-level housing price (HP) having both reached
new highs as shown in Figure 1. We believe that fully un-
derstanding the interactions between the two markets is
extremely critical to finding the right way to resolve these
two market frenzies that are concurrently taking place
right now.

To fairly evaluate their relationship, we can find two
main estimation methods: the Granger causality test and
the variance decomposition approach that is based on
the Diebold-Yilmaz (DY) method (Diebold & Yilmaz, 2009,
2012). Compared to the Granger causality test where the
lead-lag relationship only encompasses these two markets

T 1t is well documented that the housing market is the most no-
table example of regional heterogeneity (Fratantoni & Schuh,
2003), and so we are devoting more attention to four local
markets that are connected to Taiwan's stock market.
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Note: The right and left diagrams represent the stock price and housing prices for four urban areas including Taipei (TP),
New Taipei (NTP), Taichung (TC) and Kaohsiung (KS), respectively.

Figure 1. Stock and housing markets (1991-2024Q2) in Taiwan

(Sim & Chang, 2006; Billio et al., 2012; Ding et al,, 2014;
Shi et al,, 2017; Hurn et al,, 2022; Chiang & Chen, 2022),
we have decided to adopt the DY method that has three
advantages as follows. First, there are ten results of causal-
ity behind five variables, namely, one stock price associ-
ated with four local housing prices, so that it is very hard
to judge and explain such complicated relations, whereas
the DY method can be used to directly collect the “system-
wide" directions between a specific market and the entire
system under a single vector autoregressive (VAR) model
(Diebold & Yilmaz, 2014). Second, the DY method is the
first attempt to quantify the size of the spillovers and to
identify the source of the spillovers. Third, the DY method
can help us to scrutinize the evolving procedure for spillo-
vers under rolling window calculations. To sum up, these
benefits can offer a key to understanding the full process
of the interrelationships between regional housing mar-
kets and the stock market.

Finally, the stock-housing mechanism can be traced
back to two main strands of economic theory. First, the
most popular theory in terms of the relationship between
the two markets is the wealth effect, which argues that, due
to the huge capital gains from the stock market, wealthier
investors would like to spend more on housing commodi-
ties and hence this pushes up housing prices. In our opin-
ion, the dominance of the wealth effect theory actually
has its roots in the characteristics of the stock market: its
highly liquid cash flows and the forward-looking expecta-
tions of investors (Chodorow-Reich et al., 2021). Thus, over
the past several decades, the literature has overwhelmingly
favored the “wealth effect” theory. Kapopoulos and Siokis
(2005) used a causality test to prove the one-way direction
from the stock market to the housing market in Greece.
Kiohos et al. (2017) employed a cointegration system to
show that the wealth effects are dominant in the UK and
Germany. Liow et al. (2019) applied wavelet analysis and
found that there are stronger wealth effects from the stock
to housing markets in the U.S. Chen and Chiang (2022)
cited a time-varying causality test to show that wealth ef-
fects from G7 countries are found in Canada, the U.S, Italy
and Japan. Lin and Stankov (2025) strongly recommended
the evidence of wealth effects in an international context.

Second, the credit-price effect states that once housing
price appreciation leads to a rise in collateral values and
credit ratings, households or firms have a greater capacity
to expand their investment, which causes stock prices to
end up higher than expected. After the GFC in particular,
the credit-price effect attracted more interest from schol-
ars, for example, Lin and Lin (2011), and Tsai (2015).

To sum up, the wealth effect emphasizes the leading
role played by the stock market in the housing market in
terms of running “from the stock to the housing market”,
while the credit-price effect suggests the alternative way
running “from the housing to the stock market”. More spe-
cifically, Lin and Lin (2011) found that the credit-price ef-
fect gives a better account of the relationship between the
two markets in Taiwan. Differing from Lin and Lin (2011)
by using national data regarding stock and housing prices,
our estimation results once again recognize this relation-
ship between regional housing prices and the national
stock price using more up-to-date data through applying
the DY method. The results make it clear that the wealth
effect is exactly identified. Moreover, the spillovers are dif-
fused first from the Taiwan stock market, to the housing
market of Taipei city as the economic center, then to the
surrounding New Taipei city, followed by Taichung city and
finally the farthest city, Kaohsiung city, in that order.

As long as the exact relationship is determined, the
authorities can follow their lead-lag relationship to execute
more efficient strategies to avoid overall financial vulner-
ability. Taking the wealth effect as an example, since stock
market booms serve as a stimulus for rises in housing
prices, it is imperative for the Taiwan government to first
monitor the ups and downs of the stock market in order
to quell any subsequent housing market mania that would
lead to financial instability.

The contribution of this paper is five-fold. First, this
is the first attempt to use the DY method to explore the
dynamic relations between local housing markets and the
stock market. Second, as in past studies, we confirm that
the wealth effect from the stock to the housing markets
is the main reason for the exuberance in the two markets.
Third, the levels of the ripple effects rely on the distance
from Taipei city as the source city. Fourth, based on the
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frequency domain, it is clear that the portfolio diversifica-
tion between the stock and housing markets is feasible
only in the short run. Finally, higher spillovers in a bear-
ish stock market support the general finding that psycho-
logical spillovers mainly stem from bad news. The above-
mentioned contributions provide useful policy implications
when dealing with overheated financial markets.

The remainder of this paper is organized as follows.
Section 2 describes our data as well as our estimation
method. Section 3 analyzes the estimation results. Sec-
tion 4 details our robustness checks. Our conclusions are
presented in the final section.

2. Data and estimation methodology

2.1. Data source

Housing price indices for the four major cities since 1991
are obtained from the Sinyi real estate development com-
pany. Moreover, these indices are calculated in accordance
with existing and second-hand housing transactions and
have been widely used in past academic research (Chien,
2010; Chen et al, 2011; Chiang & Chen, 2023). In par-
ticular, based on the geographic distribution, New Taipei
surrounds Taipei, which is the core of Taiwan's economy,
and is located in the northern region, whereas Taichung
and Kaohsiung are located in the central and southern
regions, respectively. As far as the stock price index is con-
cerned, the closing prices on the final transaction date are
obtained every quarter from the Taiwan Economic Journal
(TEJ) in order to match the low-frequency housing data. All
quarterly data during the 1991-2024Q2 period are further
transformed into return data by first-differenced natural
logarithms to meet the stationarity requirement in the VAR
model. Finally, by using the rolling window (60 quarters,
15 years) calculation, we can trace the spillovers across
the housing and stock markets during the 2006-2024Q2
period with 75 estimated spillovers.

2.2. Estimation model

A generalized VAR (GVAR) is proposed to solve the vari-
able ordering problem. Our model with X, including the
stock return (SPR) and four city-level housing returns
(HPR) and p lags is shown as in Equation (1), where all
return variables must be stable.?

p
X, = ZAkXt—k +&,,8 ~(0,%), (1)
k=1
where ¢ is a random error with a zero mean and covari-
ance matrix, X, and A,.
According to the variance decomposition account un-
der this GVAR model, cross-variance shares (oy) is defined
by the size of explanatory ability of city j on city i. More

2 Based on the ADF unit root tests, all returns are stable due
to the rejection of the null hypothesis. All results are available
from the authors upon request.

importantly, Diebold and Yilmaz (2009, 2012) expanded
to infer that higher (lower) @; can be analogous to strong
(weak) spillovers from city j to i. If their argument is valid,
@; becomes the first indicator to quantify the spillovers.
Besides, the normalization of Equation (2) can be operated
by §; to sum up to 1 as in Equation (3).

H
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Since cross-variance shares are proxies of spillovers, we
provide a spillover table as in Table 1, where quantifying
spillovers via oy contributes to some meaningful spillover
indices, including total, directional, and net indicators to
further elaborate on interactive behaviors in various as-
pects.

The first spillover index is constructed by the total
spillover index (TS), as in Equation (4):

S ) S oal(H)

TS(H)= — . (4)

This index is used to calculate the average value based
on the sum of all possible spillovers (cross-variance shares)
divided by the number of markets. Thus TS is a spillover
index based on all variables that is an indicator of systemic
risk across the stock and local housing markets (Diebold
& Yilmaz, 2014).

By returning to a specific market, we can introduce the
directional spillover (DS;) index for market i “from” other
markets as in Equation (5) by DS; via the row sum and the
directional spillover index for market i “to” other markets
as in Equation (6) by DS (H) via the column sum to find
out more about the direction of the spillovers between a
specific market and other markets.

5 5
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: - ;
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Zi,j:1¢u("’) °
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J#l J#l ) 6)
5. 5
>, pslh)

Moreover, a net spillover index (NS;) can be used to
determine the final position of a market in relation to
other markets, as in Equation (7) by Equation (6) minus
Equation (5). A positive (negative) net spillover index in-
dicates that this market is a provider (receiver), compared
to other markets.

NS;(H)=Ds,(H)-Ds, (H). 7

DS, (H)



Table 1. A spillover table
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However, if we only wish to evaluate the net spillovers
between two specific markets, for example, market i and
market j, another index, namely, a “net pairwise” spillover
index (SP,-j) is presented as in Equation (8) by extracting
two cross-variance shares, %(H) and (pﬁ (H) from Ta-
ble 1. A positive (negative) value tells us that the former
(latter) is a provider of spillovers to the latter (former).

SP; (H) = M : ®8)

3. Empirical results

3.1. Static analysis

According to the FPE, AIC, SC and HQ criteria, a lag equal
to 1 is determined by using the full sample (1991-2024Q2),
which is applied to create a static spillover table as shown
in Table 2, where the total spillover index is 28.5%.

Table 2. A static spillover table

SPR HPR;p HPRyrp HPR;c HPRys “From”

others
SPR 915 36 15 0.6 2.9 8.5
HPRp 6.7 621 248 6.4 0 379
HPRyp 53 241 584 11 13 416
HPRz¢ 39 126 152 67.1 1.1 329
HPRys 17 52 8.7 6 784 216
"To" others 176 454 502 24 53 28.50%
Net spillovers 9.1 7.5 8.6 -89 -163

5
j=2

5 5 5 5
Jj=1 j=1 i,j=1 i,j=1

Jj#1 Jj#1 i#j i#j

Moreover, when comparing “To" and “From” spillovers,
it is obvious that the stock market as well as two housing
markets in Taipei and New Taipei are classified as infor-
mation transmitters due to their positive net values, while
Taichung and Kaohsiung with their negative net values are
both classified as the receivers.

3.2. Dynamic analysis

A financial market is always characterized by a high degree
of volatility as shown in Figure 1, and so a single estima-
tion result using traditional time-series econometrics is
apparently insufficient (Diebold & Yilmaz, 2012). We thus
follow the rolling-window approach to calculate the dy-
namic spillover indices from Equations (4)—(8), respectively.

First of all, we cite total spillovers across the stock and
housing markets to evaluate the degree of systemic risk
as shown in Figure 2. There is considerable evidence of
a highly volatile pattern of spillovers to prove the impor-
tance of time-varying econometrics. Besides, it is clear that

20 H
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Figure 2. Total spillovers across housing and stock markets
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systemic risk remains at a high level after the 2008 GFC and
this consequence is a warning signal for the authorities.
By returning to individual stock and housing markets,
we can employ directional spillovers “From” and “To" oth-
ers, as seen in Figures 3 and 4, respectively. Figure 3 reveals
that the stock market is seldom affected by local housing
markets, while local housing markets are found to have been
greatly affected by the stock market and other housing mar-
kets following the 2008 GFC. According to the directional
spillovers “To", the stock market and the two housing mar-
kets in Taipei and New Taipei all display significant spillovers
to other markets. By contrast, Taichung and especially Kaoh-
siung both reveal only negligible spillovers to other markets.
To ascertain the final role of the stock and housing
markets, the net spillovers are represented by a posi-
tive (negative) value, which is regarded as an information
transmitter (receiver). In Figure 5, first and foremost, the
positive net spillovers in the stock market indicate that
the stock market has stronger spillovers to the over-
all housing market and this result serves as evidence of
the wealth effect from the stock to the housing markets
in the case of Taiwan. Second, Taipei's housing market

is another example with positive net spillovers to other
markets, while the two housing markets in Taichung and
Kaohsiung are clearly information receivers due to their
negative values. More specifically, New Taipei's housing
market has played a mixed role from being a transmitter
to a receiver in terms of spillovers since 2016. Based on
the above, according to the order of net spillovers from
Taipei, New Taipei, Taichung to Kaohsiung, we argue that
housing spillovers may be centralized from Taipei.

However, one may notice that directional and net
spillovers are calculated based on a specific market versus
other markets and this often leads to obscure conclusions.
For example, a positive value of net spillovers from the
stock market only informs us that there are spillovers from
the stock market to the overall housing market. However,
this is still unavailable in the case of the stock market to
any specific housing market.

To more concretely evaluate the relative position be-
tween two specific markets, we must appeal to net pair-
wise spillovers as shown in Figure 6 with ten combinations,
where a positive (negative) value implies that there is a
net spillover from the former (latter) to the latter (former).
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Figure 6. Net pairwise spillovers

First, based on the top four sub-graphs on the left,
almost positive net pairwise spillovers between the stock
market and any local housing market again prove the
existence of the wealth effect. In other words, spillovers
from the stock market to the overall housing market (Fig-
ure 5) or any specific local housing market (Figure 6) com-
pletely support the wealth effect. Second, based on the
last sub-graph on the left and top two sub-graphs on the

right, we can see the relative positions of Taipei's housing
market in relation to the other three local housing mar-
kets. After 2014, positive values of net pairwise spillovers
in Taipei reveal that housing spillovers only stem from
Taipei. Third, compared to the spillovers between New
Taipei and Taichung (NTP-TC) or between New Taipei
and Kaohsiung (NTP-KS), positive values in New Taipei
demonstrate that the direction of the spillovers is from
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New Taipei city to these two cities. Finally, the remaining
spillovers represented by (TC-KS) determine the relative
position between Taichung and Kaohsiung. Positive val-
ues signify that the direction of the spillovers is from
Taichung to Kaohsiung.

It may be concluded, from what has been said above,
that housing spillovers are transferred from the northern
region (Taipei and then New Taipei) to the central region
(Taichung) and ultimately to the southern region (Kaoh-
siung). In other words, as far as the housing market is
concerned, Taipei is the core and source of the housing
diffusion mechanism: from Taipei to New Taipei, Taichung
and Kaohsiung in that order. In fact, the most important
economic center as the source city for housing spillovers
is very popular in some international cases, for example,
London as the capital city in the UK (MacDonald & Taylor,
1993; Alexander & Barrow, 1994), Helsinki as the core city
in the Finnish economy (Oikarinen, 2006) and Seoul as the
capital city in Korea (Lee & Lee, 2019).

4. Robustness checks and other applications

In this section, we implement several possible robust-
ness checks. First of all, it is well known that there are
different spillovers based on different forecast horizons,
and so we calculate the spillover index for forecast ho-
rizons varying from 8 to 12 and 16 quarters. Secondly,
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2006 2008 2010 2012 2014 2016 2018 2020 2022 2024
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Figure 7. Robustness check: Different forecast horizons

the concept of frequency domain can be integrated into
the DY method to show the difference in connectedness
between the short- and long-run dynamics to further
decide on the validity of portfolio diversification. Finally,
we apply asymmetric connectedness (Barunik et al., 2017)
to investigate what is different when faced with bearish
and bullish stock markets. All of these tasks can provide
additional information about the robustness checks with
regard to the interrelationship between the stock and
housing markets in Taiwan.

4.1. DY spillovers over different horizons

Although the selection of the forecast horizon is arbitrary,
there are different patterns of spillovers using different
horizons. To check for the sensitivity of the results to the
choice of the forecast horizon (Diebold & Yilmaz, 2012;
Zhang & Fan, 2019), we apply three forecast horizons of
8, 12 and 16 quarters as shown in Figure 7. From the re-
sults, it is easy to find that the difference in total spillo-
vers among the different window sizes is very small, which
proves that total spillovers are not sensitive to the choice
of the forecast horizons.

4.2. Short- and long-run spillovers based on
the frequency domain

While the DY method involves tracing out a time trend in
housing spillovers, Barunik and Krehlik (2018) employed
a spectral representation to set up a frequency version
of dynamic spillovers to analyze and compare short- and
long-run spillover behaviors.

In this paper, we select 1-2 quarters as the short run
and over 2 quarters as the long run in Taiwan from Fig-
ure 8. It is found that there are very low spillovers under
the short-run dynamics, while there are relatively higher
spillovers over the long-run dynamics. Following this
by the concept of portfolio theory, low (high) spillovers
among various markets are found to have a good (bad)
capacity for risk diversification. There is plenty of evidence
to show that portfolio diversification strategies are effec-
tive only in the short run, rather than in the long run. This
result is similar to that of Chen and Chiang (2020) in the
case of China.

a) Frequency 1: 1 to 2 quarters

B e
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b) Frequency 2: Over 2 quarters
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Figure 8. Total spillovers of the frequency domain



4.3. Time-varying spillovers between bullish
and bearish markets

To evaluate the differences in spillovers in bullish and
bearish markets, two advanced approaches can be con-
sidered. One is the quantile version of spillovers (Ando
et al,, 2022; Foglia et al,, 2022) and the other is referred
to as asymmetric spillovers (Barunik et al., 2017; Chi-
ang et al., 2022). The former involves adopting different
quantiles from low to high in order to account for bear-
ish and bullish markets, respectively. Moreover, the latter
approach has to do with setting up an augmented VAR
model to cover different states using dummy variables.
In fact, a quantile VAR model requires much more data
to be divided into various quantiles over time. However,
the number of our quarter-based data observations is
very limited. Thus, we have decided to adopt asymmetric
spillovers to explore the differences in spillovers in bear-
ish and bullish markets by using two dummy variables:
D' (D2 is defined by the bearish (bullish) market when
negative (positive) market returns last for at least two con-
secutive quarters. Our new VAR model using a new vector:
Z, =X, xDf = (SPR;, HPRy ., HPR;(,TPI,I HPR}- HPR{s ¢
SPR;,HPR;P’t,HPR,QTPI,,HPRT*CI,HPR,;SJ) is adopted with
ten variables, and not five variables. This is an interesting
case of total spillovers over time as in Figure 9, which well
illustrates that higher spillovers prevail in a bearish market
due to the fears of suffering a loss, while spillovers in a
bullish market are lower.
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Figure 9. Total spillovers in bullish and bearish markets

5. Conclusions and policy implications

In this paper, we extend spillovers from local housing mar-
kets to the national stock market to account for the twin
peaks of the stock and housing markets in Taiwan using
the time-varying DY spillover method. There is evidence
to magnify the unparalleled status of the stock market in
relation to four local housing markets. The “wealth effect”
result suggests that the top priority of the authorities is to
set up a warning system for irrational behavior in the stock
market, which further spills over in the housing markets
resulting in exorbitant housing prices.

For the housing network itself, it is clear that Taipei as
the economic center in Taiwan serves as the source city
in other cities. This Taipei-centric result is consistent with
Taiwan's studies (Lee et al., 2014; Chiang & Chen, 2023)
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as well as some international cases, as mentioned in Sec-
tion 3.2. Based on the above, the central bank and local
government in Taiwan must attach more importance to
the status of Taipei's housing market to prevent the high
prices in Taipei from being diffused to other cities resulting
in an overall overheated housing market.

Besides, by considering the portfolios across the stock
and housing assets, it is suggested that a good portfo-
lio should be built based on a combination of the stock
market and Kaohsiung's housing market due to the low-
est correlation (via the smallest spillovers). However, the
frequency spillover analysis informs us that this may be an
efficient portfolio strategy in the short run, not the long
run. Finally, the bearish-bullish spillover analysis warns us
that psychologic spillovers in a bearish market are particu-
larly noteworthy.

Finally, we need to mention our data limitations, es-
pecially the low-frequency housing prices versus high-fre-
quency stock prices. For the sake of consistency, we are
forced to adjust the stock prices from a daily to a quarterly
basis. However, this adjustment cannot but result in miss-
ing a lot of critical information behind the stock market. To
sum up, our study can provide valuable policy implications
using a time-varying spillover method when the housing
and stock markets are overheated.
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