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ABSTRACT. This paper addresses the interaction between interest rates and the significant increases
in both Taiwanese house and stock market prices seen in recent years. Changes in house prices impact
banks’ nonperforming loans, whereas changes in interest rates directly influence the ability of individu-
als and businesses to pay loan interest, accentuating the co-movements between house and stock mar-
ket prices. We investigate the nonlinear relations and volatility spillovers among house prices, interest
rates and stock market prices using monthly data from January 1985 to March 2009 for Taiwan. We
find that the Smooth Transition Vector Error Correction GARCH (STVEC-GARCH) model has the best
forecasting ability based on goodness of fit tests while showing a nonlinear and co-integrated relation
among the three variables. Specifically, house price leads stock market returns when the interest rate
is led by either house price or stock market returns. The volatility of stock market returns has signifi-
cant impacts on interest rates, implying that borrowers should be aware of stock market fluctuations
and thus strengthen their risk management because of unexpected changes.

KEYWORDS: Nonlinear relationship; Smooth Transition Vector Error Correction GARCH Model

(STVEC-GARCH); Volatility spillovers; House prices; Interest rates; Stock market returns

1. INTRODUCTION

This paper emphasizes the important observation
that significant increases in recent house prices
and stock market price returns in Taiwan lead
to interactive effects among house prices, inter-
est rates, and stock market prices. It is obvious
that changes in house prices have substantial in-
fluences on banks’ nonperforming loans, whereas
changes in interest rates also influence the ability
of individuals and businesses to repay the loan in-
terest. This, in turn, promotes the co-movements
between house prices and stock market returns.
Applying the Smooth Transition Vector Error Cor-
rection GARCH Model (STVEC-GARCH), we em-
pirically explore the nonlinear interrelations and
volatility spillovers among house prices, interest
rates, and stock market returns in Taiwan using
monthly data from January 1985 to March 2009.
In 1986, Cathay Life Insurance in Taiwan auc-
tioned a number of properties from the National
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Property Administration of the Ministry of Fi-
nance. This event boosted the boom in real estate
and caused increased wealth in both enterprises
and individuals. Because the market exhibited
high profitability, enterprises and individuals could
obtain funds from bank loans to further reinvest
in real estate and the stock market; this, in turn,
resulted in a large and simultaneous expansion of
their assets and liabilities. In 1989, Taiwan Cen-
tral Bank implemented 228 selective credit controls
and tightened the reserves to suppress these hot
real estate and stock markets. Although the Tai-
wan stock market index attained an historical high,
the real estate market returned to its former level.
However, the economic bubble continues to drive
declines in real estate and stock market prices. As
shown in Figure 1, foreign investment in Taiwan
by foreign institutions reached a peak in 2007, de-
spite significant decreases during the global finan-
cial crisis (2007—2009). In addition, the loan rate
has experienced significant decreases since 1990.
Moreover, Figure 2 indicates Taiwanese stock mar-
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Fig. 1. Taiwan’s foreign investment by foreign
nationals (unit: US$1,000) and loan rate (%)
from1985—-2009

Data: Taiwan Investment Commission (MOEA)
(www.moeaic.gov.tw) and TEJ
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Fig. 2. Taiwan’s foreign investment by foreign
nationals (unit: US$1,000) and Taiwan stock market
price (NTD) from 1985-2009

Data: Taiwan Investment Commission (MOEA)
(www.moeaic.gov.tw) and TEJ

ket prices clearly fluctuated by approximately NTD
7,000 between 1993 and 2000.

Banks mainly provide financing by using real
estate as collateral when house prices increase.
When stock price returns and house prices de-
crease, this effect not only leads to an undervalu-
ation of loan collateral but also shrinks individu-
als’ wealth and income. Hence, individuals fail to
repay loans, which results in a sudden increase
in nonperforming loans. This result further affects
a bank’s operation and dramatically changes the
interest rate spread between deposits and loans.
Based on the above perspective, an interrelation
among house prices, interest rates and stock prices
exists. This study empirically explores volatility
dynamics and spillover among house prices, stock
prices and interest rates. We address essential is-
sues regarding substantial increases in both house
prices and stock prices, which generates interac-

have incremental impacts on banks’ nonperform-
ing loans; changes in interest rates also influence
the ability of individuals and businesses to repay
loan interest, which, in turn, elevates the co-move-
ments between house prices and stock market
prices.

Regarding the related literature on this issue,
Chen et al. (2010) indicated that the response of
durable consumption to real house prices in Tai-
wan is statistically significant in a collateral con-
strained regime. In the UK, Attanasio et al. (2011)
found that house price shocks should have a larger
effect on the consumption of older households and
that earnings shocks should also have a larger ef-
fect on young households. Moreover, Hirata et al.
(2013) examined house price fluctuations across
eighteen advanced economies over the past forty
years, and found that house prices are synchro-
nized across countries and that the degree of syn-
chronization has increased over time. Specifically,
global interest rate shocks tend to have a signifi-
cant negative effect on global house prices, where-
as global monetary policy shocks per se do not ap-
pear to have a sizeable impact. Uncertainty shocks
appear to be important in explaining fluctuations
in global house prices. Hui and Chan (2013) ap-
plied the Forbes-Rigobon multivariate (FRM) test
to investigate contagion across equity and real es-
tate markets in four different places — Greece, the
U.K., the U.S. and Hong Kong — during the Euro-
pean sovereign debt crisis, and compare the result
with those obtained by performing the FRM test
directly. It was found that significant contagion ex-
isted and that the contagion pattern in the equity
and real estate markets are different. This implies
that investors should regularly review their portfo-
lio and be aware of contagion triggered by a crisis
to help them reduce their loss and to improve their
strategic property management. Recently, Louis
and Sun (2013) examined the cross-regional link
between the growth rate in local housing prices
and future long-term abnormal stock returns of lo-
cal firms during the 1979—2002 period in the USA.
The researchers presented reliable evidence that
firms’ long-term abnormal stock returns are nega-
tively related to past growth in housing prices in
the states where the firms are located.

However, the empirical interrelation among
house prices, stock market prices and interest rates
are noted and investigated less in previous studies.
Schwert (1989) used vector auto-regression (VAR)
and multi-regression to investigate the volatility
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relation between stock price returns and macroeco-
nomic variables. This researcher found that there
was a positive relation between the volatility in
the money supply and the volatility in stock price
returns. Fu et al. (1993) performed a Granger test
on average house prices and the Hen-Sheng stock
price index from 1984 to 1993. The researchers’
empirical results indicated that stock prices with
one period lag had a positive effect on house prices.
Related work by Chirinko et al. (2004) explored the
interrelation between stock prices, house prices,
and real activity in a 13-country sample. In ad-
dition, Dees et al. (2005) investigated the role of
monetary, oil and real equity shocks across coun-
tries using a global-VAR (GVAR) model including
a factor structure to model linkages across coun-
tries. Case et al. (2000) examined the dynamics of
international commercial real estate markets from
1987-1997. The researchers concluded that co-
movements among commercial real estate markets
occurred through GDP linkages and that commer-
cial real estate is a bet on a country’s productiv-
ity. Dolde and Tirtiroglu (2002) modeled the vola-
tility of housing price changes and identified 12
significant volatility increases and 24 significant
decreases in monthly changes in four regional U.S.
house price indexes between 1975 and 1993. The
researchers found a significant interregional diffu-
sion of volatility increases and indicated links be-
tween economic conditions and housing volatility
and returns to be of value to household and mort-
gage investors. Recently, Hoesli and Reka (2015)
investigated the dynamics of financial contagion
within a cross asset framework using the inter-
dependences between the U.S. REIT and equity
markets. The researchers confirmed that contagion
prevails between REITs and stocks and that this
phenomenon is driven by behavioral and liquidity
mechanisms.

Using impulse responses from the Structural
Vector Auto-regression (SVAR) model, Musso et al.
(2011) suggested that the impact of monetary pol-
icy, credit supply and housing demand shocks is
qualitatively similar in the US and the euro area.
At the same time, the researchers find that the
transmission of monetary policy shocks to the
housing market is stronger in the US than in the
euro area. This implies that housing markets may
play a larger role as conduits of monetary policy
shocks in the US than in the euro area, whereas
the evidence for housing demand and credit sup-
ply shocks is less clear. Regarding monetary policy
shocks, Jarocinski and Smets (2008) and Goodhart
and Hofmann (2008) performed similar analyses

for the US and a panel of industrialized countries,
respectively. Iacoviello (2005), Iacoviello and Neri
(2010), and Calza et al. (2013) suggested that the
bulk of the effect of changes in house prices in the
macro economy occurs through a collateral mecha-
nism because credit-constrained households are al-
lowed to borrow solely against housing equity. Pre-
vious research showed that residential investment
is a leading indicator of, and an important con-
tributor to the business cycle (Leamer 2007) and
that fluctuations in house prices have significant
wealth effects on consumption (Case et al. 2005).
Pavlidis et al. (2009) found that house prices have
a wealth effect on consumption solely for fluctua-
tions in housing values that are caused by bubbles.
Ghent and Owyang (2010) found that the positive
relation between housing and overall activity does
not hold for cross-sections at US. Metropolitan ar-
eas level; this is puzzling because housing shocks
are, to a large extent, local.

Furthermore, co-integration is frequently uti-
lized to analyze the long run equilibrium among
different variables. This method examines not
only long run equilibrium using the Vector Error-
Correction Model (VECM) but also the short run
dynamic adjustment (Engle, Granger 1987; Engle
1982). However, stock prices adjusted smoothly
when the impact of a specific event exceeded the
price limit in the stock market. Using Hong Kong
annual data for the 1974-1998 periods, Tse (2001)
indicated that the impact of residential property
prices on common stock prices was more than 127
percent of the impact of office prices on stock pric-
es, whereas changes in stock prices tended to move
with residential and office property prices in the
long run. The author also suggested that, although
changes in expectations are an important determi-
nant of the short run correlation between property
and stock prices, the long-run positive correlation
is due to economic fundamentals that affect both
property and stock prices. Furthermore, Sing and
Tan (2013) used the DCC-GARCH model to test
the time-varying correlations between stock and
direct real estate returns in six markets including
the USA, the UK, Ireland, Australia, Hong Kong
and Singapore. The researchers showed significant
time-varying effects in the conditional covariance
between stock returns and direct real estate re-
turns; this indicated that the conditional covari-
ance increases in the boom markets, but becomes
weaker in the post-crisis periods.

Based on this perspective, the present study
applies STVECM-GARCH to model the smooth
adjustment and to capture the threshold effect



374

H.-H. Liu, Sh.-H. Chen

among stock prices, house prices and interest rates
in the presence of extreme event occurrences. Spe-
cifically, we use the transition function to properly
identify and capture nonlinear processing in differ-
ent states among these three variables. We also
model the GARCH effect to measure the threshold
effect and volatility spillovers in co-movements
among the three variables noted above (Bollerslev
1986; Bollerslev et al. 1992, 1998). Our empirical
results provide great help to investors and policy
makers in real estate, stock market, and govern-
ment agencies as a policy reference.

2. SMOOTH TRANSITION VECTOR ERROR
CORRECTION GARCH MODEL (STVEC-
GARCH)

To quantify the smooth adjustment and threshold
effect among stock prices, house prices, and inter-
est rates in the presence of an event occurrence,
STVECM-GARCH is properly applied to our em-
pirical estimation. If a time series exists in co-in-
tegration, it has a corresponding VEC model. Prior
establishing the STVEC model, the first step is to
build a VEC model, the second step is to test the
linearity, and the final step is to select the model
(Rothman et al. 2001).

2.1. VECM

First, we establish a VECM to model the interrela-
tions among stock price, house price, and interest
rate as follows:

D
AH, =ay+a,Z, 4+ Y a,,(AH, )+
= ;o (D)
D D
z @14 p(AS, ;) + Z @140, (AR,) + 8y,

i=1 1=1

P
AS, =by +bZ,_, + me (AH, ;) +
=t ;@

b D

Z b1 p(AS, )+ z b i140p(AR,_;) + &g,

i=1 i=1
P
AR, =co+¢,Z, 1+ Y ¢y (AH, )+

i=1

p p ’ (3)
z ci+1+p (ASt—i) + Z ci+l+2p (ARt—i) + En

i=1 i=1

where: AH,, AS, and AR, represent changes in
house price, stock price, and interest rate between
tand ¢-1, namely. Z, ; =H, , —c,—-S,; - R,_;, are
defined as the error correction term among house

price, stock price, and interest rate at lagged peri-
ods of one month. Moreover, a,, b, and ¢, are ad-
justed coefficients that measure the necessary time
it takes for deviation in co-integration to return
to equilibrium among the three variables. Finally,
ay, by and ¢, are all constant terms.

2.2. Nonlinear test and model selection

Granger and Swanson (1996), Chan and McAleer
(2003), as well as McMillan (2005) augmented a
smooth transition function by incorporating it into
a VECM to extend STVECM. This paper also con-
siders GARCH effects, which are included in the
volatility equation for house prices, stock prices,
and interest rates. We estimate the following
STVEC-GARCH model. All parameters and vari-
ables used in the model are defined as:

AHi=ay+a,Z, | + aZZAHH +a32ASH +

a4ZARt_i +(as +agZ,_; + G7ZAHH +

C‘SZASH‘ + agZARz—i) x I, (Zt—d|yh7ch) Y

4
ASi=by+b 7, +b, Y AH, ;+b; ) AS, ; +
b, Z AR, ; +(bs +bsZ, | + b72 AH, .+ ;

bSEASt—i + b9ZARt—i) x FE(Zt—d|Ys’cs) T €y

®)
ARt=cy+¢Z, | + 022 AH, ; + c32 AS, ; +
C4ZARt_i +(c5+cgZy_4 +C7ZAHt—i +
Cg 2 AS; ; +¢ 2 AR, )X F(Z,_g|Y,:6,)+ &y
(©)
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hnh hhs  hhr
Hi=\|hsh hss hsr s (11)
hih hrs  hrr
where: AH, : changes in house prices at time ¢;

AS,: returns on stock market prices at time ¢;
AR:: changes in interest rates at time ¢; €, : er-
ror term of house prices at time ¢; €, : error term
of stock price returns at time ¢; €,,: error term of
changes in interest rates at time ¢; A, : condition-
al variance of house prices at time ¢; A, : condi-
tional variance of stock price return at time ¢; A,
: conditional variance of changes in interest rates
at time ¢; f,: spillover effects of stock price returns
on house price returns at time ¢; f,: spillover effect
of changes in interest rates on house price returns
at time ¢; f;: volatility spillover effect of house
price returns on stock price returns at time ¢; f,
: volatility spillover effect of changes in interest
rates on stock price returns at time ¢; f;: volatility
spillover effect of house price returns on changes
in interest rates at time ¢; f;: volatility spillover
effect of changes in interest rates on changes in
interest rates at time ¢; F (Zt_d|y,c) 1s a transition
function. According to the setting established by
Terasvirta (1994), the transition function follows
two types of distributions: exponential and logistic.
Hence, the transition functions can be expressed
as follows:

(12)
(13)

Fp(2,_g) =1-exp{-y(zt-d—c)*};
Fp(z,_g) =[+exp{-y(zt-d—o)}] ",

where: Z, ; is a transition variable; d is the lag
period, and y is a smooth parameter indicating
the transition speed between two variables. This
suggests that the higher v is, the faster the speed
of adjustment is, and ¢ is the threshold value be-
tween two different states. Based on the definition
of two types of transition functions, STVECM can
be classified using two types: (1) The exponential
form, LSTVECM (logistic smooth transition vec-
tor error correction model) with the same dynamic
structure using an exponential function form if
Z,_4>c and Z, ; <c; and (2) the logistic form,
ESTVECM (exponential smooth transition vector
error correction model) with the differential dy-
namic structure using a logistic function form if
Z, 4,>cand Z,_ ;<c.

Prior to the estimation of STVECM, we must
examine whether our data possess nonlinear char-
acteristics. We then test the following hypotheses:

H,: y=0(VECM); (14)

H,: y>0(STVECM). (15)

Because the transition function converges to
zero or a constant while y approaches zero. The
hypothesis contains the following condition:

lim F(Z,_q|v,¢) = 0; (16)
Ned

1
lim F(Z ,C) =—. 17
lim (Zi-al 1,0 =5 7

The STVECM transforms the following struc-
ture when satisfying the condition above.

p
AH: = ao+a1Z: —1+Zai+1(AHt7i)+
i=1

p p ’
Zai+1+p(ASt—i)+Zai+1+2p(ARt—i)+£ht

i=1 i=1

(18)
AH: = ao+arZi -1+ a2, AHi-i+a3), ASi-i+

asy, AR-i+(as+acZi-1+ary, AHi-i+.

asy, ASi-i+ a0y, ARt—i)Xl-f- Ent
2 (19)
Either Equation (17) or (18) is a linear model.
ESTVECM frequently fails to identify the coeffi-
cients of ay, ag, a;, ag, ay, and ¢ if y=0. This
means those coefficients would fit any value. There-
fore, Luukkonen et al. (1988) used three moments
of the Taylor expansion to develop F(Zt7d|y,c)
while y=0 as follows:

AH: = B10+ Pt We + B2 WeZe - a +

Bis WiZ?t - d + Bra WeZ3t - d+ Vi, (20)

where: We=(Zt-1, AHt-1,---, AHt - p, ASt -1,---,
ASt - p, ARt -1,---, ARt - p).

We can test the following linear test under differ-

ent lag d:
H,: P12 =P13 =P14 =0. (21)

We apply the following F' statistics to examine
the linearity:

_(SSRo-SSR1)/3p _
"~ SSRi/(N-4p-1)

F@Bp,T-4p-1),(22)

where: SSRo is the sum of squared errors for re-
gression using Equation (1), and SSR; is the sum
of square errors for regression using Equation (3)
where N is the sample size; p is the lag period, the
degree of freedom in F statistics is 3p and N-4p-1,
respectively. We select a different d to test line-
arity. The criterion of section tends to select the
minimum value of F' statistics or the p-value.
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2.3. Model selection for LSTVECM
and ESTVECM

After verifying the nonlinearity in STVECM, we
use the following hypotheses to test LSTVECM
and ESTVECM according to different transition
functions:

Hy, : Buu=0; (23)
Hy;: Bis= 0| B14a=0; (24)
Hy,: Pi2= 0| Bia=P14=0. (25)

The criteria of testing states are as follows:

(1) When we reject H,, , the model is
LSTVECM.

(2) When we accept H, but reject Hg, the
model is ESTVECM.

(3) When we accept H(, and H,; but reject
H, , the model is LSTVECM.

3. DATA AND EMPIRICAL RESULTS

3.1. Data description

This paper uses monthly data on stock prices,
house prices, and interest rates in Taiwan from
January 1985 to December 2009. Our final sam-
ples for empirical estimation are 288 observa-
tions. Data on stock price (S) is defined as a value-
weighted index from the Taiwan Stock Exchange
market. House price (H) is defined as the monthly
average price of a predicted presale in Taipei city.
Interest rate (R) data are collected from the Tai-
wan Central Bank.

Table 1. Descriptive statistics

Table 1 shows basic statistics and reports the
estimated results of the normality test on level
data for stock prices, house prices, and interest
rates. First, the logarithm of house prices is high-
ly skewed and also displays excess kurtosis, indi-
cating a greater chance of experiencing extreme
and negative returns. Additionally, the logarithm
of stock prices and interest rates are similar to
this finding. In addition to the stock price level,
none of the series are actually normally distribut-
ed based on the Jarque-Bera tests for normality,
although they are skewed or have excess kurto-
sis as well. This, by itself, provides an indication
that the most heavily affected market was that
of specific events. Hence, we then quantify the
volatility clustering using the GARCH model. In
addition, the @ test result confirms that all series
reject the hypothesis of white noise, suggesting
we must verify whether all series are stationary
prior to empirical estimation.

3.2. Unit root test

According to the results in Table 2 of the ADF test
(Dickey, Fuller 1979, 1981) for the unit root on the
three time series, all three variables (logarithm of
stock price, interest rates, and house prices) are
shown to be non-stationary with the intercept
and with the time trend. However, as shown in
Table 3, after first differencing, all series signifi-
cantly reject the hypothesis with unit root I (1),
suggesting all series are stationary; in addition,
there may be a co-integrating relation among stock
prices, interest rate, and house prices.

Statistics Level Log
House prices Stock prices (S) Interest rates Stock prices (S) House prices Interest rates
H) ®) (H) ®)
Mean 28.314 6,831.291 6.124 8.141 3.114 0.956
Standard De- 7.314 2,631.414 2.014 0.692 0.402 0.314
viation
Minimum 6.360 882.950 2.821 6.831 1.923 1.316
Maximum 33.640 12,054.350 10.501 9.581 3.624 2.514
Skewness —1.245 —-0.113 —0.612 -1.078 —-2.841 -1.124
Kurtosis 4.621 3.524 2.824 3.821 7.418 3.014
JB Statistics 121.376%** 1.604 16.412%%* 25.316%** 438.207*** 52.240%**
Q (12) 1,894.601%+* 1,314.225%%% 2 157.215%** 1,512.316%%* 1,966.912%** 3,245.154%%*
Q (24) 2,314.315%%* 1,412.512%%%  2.712.165%**  1,601.312%%*  2312.512%%% 2 712.212%%*

Note: Author’s calculation; *, ** *** gtatistically significant at level of 10%, 5%, and 1%, respectively.
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Table 2. ADF unit root test on house price, stock price, and interest rate

ADF Statistics

Variables With constant With constant, Without constant
and time trend without time trend and time trend

House price -2.915 -3.518 1.034

Stock price -3.014 -3.336 0.931

Interest rate -1.615 -0.541 -0.891

Note: Author’s calculation; *, **, *** gtatistically significant at level of 10%, 5%, and 1%, respectively.

Table 3. ADF unit root test on first differencing in house price, stock price, and interest rate

ADF Statistics

Variables With constant With constant, Without constant
and time trend without time trend and time trend

A House price —10.110%** -9.961*** —4.441%**

A Stock price —13.214%** —12.916%** —13.812%**

A Interest rate —14.101%** —12.217%** —13.910%**

Note: Author’s calculation;
differencing in the variable.

3.3. Johansen co-integration test

Based on the results of Table 4, a long-term co-in-
tegrating relation exists among house price, stock
market prices and interest rate after first differ-
encing. In other words, a linear transition from
all series can be transformed into a new station-
ary series via a linear combination with different
series (Johansen 1988; Johansen, Juselius 1990).
It is shown that we accept the hypothesis with at
least one co-integration vector at the 5% level. The
co-integration equation Z, ; is shown as follows:

Z,,=H,,-0614 S, +0.127R,_, +1.821
(2.1 (2.36)"  (2.56)"

There is a co-integrating effect of house prices,
stock market prices and interest rates, suggesting
that there are no significant changes in these se-
ries in the short-term, and the long-term trend as a
result of the effect from other stock markets leads
to co-movement among stock prices, interest rates
and house prices. This phenomenon indicates that
investors can predict the stock and house prices
in long run equilibrium. Therefore, we establish a
vector error correction model to consider long-term
information using Z, ; for individual variables.

Table 4. Johansen cointeragtion vector and trace test

* k% kEE gtatistically significant at level of 10%, 5%, and 1%, respectively. A indicated first

3.4. Nonlinear test and model selection

Prior to specifying and estimating STVECM, we
must verify whether the series of house prices,
stock market prices and interest rates are station-
ary. The results of the unit root test in Table 3
indicate that all series are stationary after first
differencing. Based on Granger and Terasvirta
(1993), we first conduct the nonlinear test and
then perform the model section and estimation. As
Table 5 demonstrates, the minimum values of AIC
and SBC exist when p = 1 (Akaike 1969). Accord-
ing to these results, we select all variables with 1
lag for our VEC model.

Table 5. Variable section for optimal lag period in VAR model

Lag AIC SBC

1 —3.542* —3.451%
2 —3.632 —3.420
3 —3.482 -3.301
4 —3.468 -3.261
5 -3.457 -3.181
6 -3.381 —2.162
7 -3.371 -3.142
8 —3.362 -3.096

Note: Author’s calculation; *, **, *** gtatistically signifi-

cant at level of 10%, 5%, and 1%, respectively.

Number of cointegra-  Eigenvalue Trace statistics 5% 1%

tion Vector (H,) Critical value Critical value
None 0.0912 42.916%** 28.312 34.812

At least one 0.0614 16.912%* 15.010 18.212

At least two 0.00303 0.791 3.621 6.421

Note: Author’s calculation; *, **, *** gtatistically significant at level of 10%, 5%, and 1%, respectively.
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The LM linear test statistic is used to exam-
ine the nonlinearity in house price, stock market
prices and the interest rate by selecting the opti-
mal d. Table 6 reports results of different statistics
using lag 1 to 4 and d. If the P-value is less than
10%, 5%, and 1%, the series exhibits the STVEC
model trend. Hence, we select d to satisfy the P-
value minimum to reject the null hypothesis. We
use d as the optimal lag period for a series in the
STVEC model. As shown in Table 6, we obtain the
P-value minimum when d equals 1 for a series of
stock prices and interest rates. We select d = 1 as
the lag variable in Z, ; while choosing d = 1 as
the lag variable in Z, ;.

Table 6. Linear test and section d

Series Delay Lag F-Statistics P-Value
period  period
(@ §2)
House price 1 1 2.141% 0.0138**
2 1 0.981 0.462
3 1 1.102 0.431
4 1 1.342 0.582
Stock price 1 1 3.415 0.0002%**
2 1 3.608% 0.0001%**
3 1 2.671 0.0060%**
4 1 1.872 0.0321
Interest 1 1 4.33% 0.0000***
rate
2 1 3.948 0.0000***
3 1 2.542 0.0046%***
4 1 2.802 0.0014***

Note: Author’s calculation; *, ** *** gtatistically significant
at level of 10%, 5%, and 1%, respectively. # indicates the
maximum of F-Statistics F or the minimum of P-Value.

3.5. Model selection for LSTAR and ESTAR

Based on the result of Table 7 for the nonlinear
test, house prices, stock market prices and inter-
est rates all show a nonlinear trend in the STVEC

Table 7. Model section for STAR model

model. We further select which type of distribution
best fits the STVEC model, LSTVEM or ESTVEM.
After verifying the trend of the series used in our
models, we then proceed with model selection us-
ing regression. Based on the P-value minimum
when rejecting three null hypotheses (H,,, H ),
and H,), we then easily select the fitted STVEC
model. We use the following criteria to select the
LSTVECM or ESTVECM: (1) LSTVECM is select-
ed as the best model, whereas the P-value mini-
mum can be determined in either the first or third
testing. (2) ESTVEC is selected as the best model,
whereas the P-value minimum can be solely de-
termined in second testing. Specifically, Granger
and Terasvirta (1993) as well as Terasvirta (1994)
also suggested using the P-value minimum among
three hypotheses as the basis for model selection,
which is better than the sequent testing above.
Based on these researchers’ perspective, this pa-
per uses both sequent testing and the minimum
P-value to select the best fitted model.

Table 7 reports the estimated results of LST-
VECM and ESTVECM, respectively. First, based
on the sequent test, the stock price return and
change in interest rate follow the LSTVECM trend.
However, according to the minimum P-value, the
stock price returns show the ESTVECM trend, and
the stock price returns and change in the interest
rate follow the LSTVECM trend, which is the same
result as the sequent test. When the series exhibits
the ESTVECM trend in Table 7, this implies that
the series demonstrates different dynamic trends
with transition periods; however, the transition
variable has the same trend in a positive or nega-
tive state. Similarly, although the series exhibits
the LSTVECM trend, this suggests that the series
has the same dynamic trends as the transition pe-
riods; however, the transition variables have dif-
ferent trends in a positive or negative state.

Series Delay period (d) Lag period (p) Hypothesis F-Statistics P-Value Fitted model
House price 1 2 H,, 3.924 0.0045%#

1 2 Hy, 0.824 0.5260

1 2 H,, 1.652 0.1420 LSTVECM
Stock price 2 6 H,, 1.681 0.1410

2 6 Hy, 6.281 0.0001#

2 6 H,, 1.968 0.1082 ESTVECM
Interest rate 4 2 Hy, 4.926 0.0009#

4 2 Hy, 3.611 0.0076 LSTVECM

4 2 H, 3.996 0.0031

04

Note: Author’s calculation. # represents the minimum of P-Value.
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3.6. Estimated results of STVECM

Prior to the estimation of STVECM, Terasvirta and
Anderson (1992) and Terasvirta (1994) suggested
the standardization of the transition variable in
transition function. Using this standardization will
help to converge the estimation. Next, we use
and @? test by Ljung-Box to examine the presence
of the autocorrelation in residuals and the ARCH
effect in STVECM.

As shown in Table 8, autocorrelation does not
exist in the residuals of the mean equations for
house price, stock market prices and interest rate.
In addition to the mean equations for house price,
the other two variables demonstrate that there
are autocorrelations in squared residuals; this
suggests that there is volatility clustering in the
series in either the stock price or the interest rate.
In other words, the stock market prices and the in-
terest rate exhibit heteroscedasticity in their time
series. Hence, we include the GARCH model in our
STVECM to model volatility clustering in series.

3.7. Estimated results of STVECM-GARCH

Mean equation in STVECM-GARCH

As reported in panel A of Table 9, stock prices are
not significantly affected by either house prices or
interest rates. The estimated coefficient of smooth
transition for house prices is 18.454 (= v, ), which
is smaller than the equivalent values for stock
prices and interest rates, implying that in the long
run, house prices deviate from the equilibrium
with the slowest speed from one transition state to
another. According to the estimated coefficient of
threshold value, 0.0218 ( = ¢;,), this indicates that
house prices will transit to another state while
diverging from the equilibrium by 2.18% in the
long run. Once house price return is transited, the
lag effect with a positive value of 0.138 ( = a,) is
changed to a negative effect with a value of —0.334
(=ay+ a,), implying that a positive effect exists in
long run equilibrium but a negative effect exists in
long run disequilibrium.

Table 8. Estimated result of STVECM: house price, stock price, and interest rate

House price Stock price

Interest rate

Empirical model: LSTVECM

Empirical model: ESTVECM

Empirical model: LSTVECM

Parameter Coefficient (¢-statistics)

Parameter Coefficient (¢-statistics)

Parameter Coefficient (¢-statistics)

Panel A. Mean equation

a, 0.0132 (1.150) b, -0.0723 (-1.176) c —-0.000781 (-0.401)
a, -0.0321 (-0.741) b, 0.6981**  (2.195) cy -0.00814  (-0.802)
a, 0.132%** (2.376) by -0.683 (-0.918) cy 0.0431 (1.281)
as —-0.0541 (-0.841) bq 0.325%%* (2.245) cq 0.0142 (0.792)
ay, 0.141 (0.871) b, 0.881 (0.921) c, 0.121%%*  (2.899)
ay -0.0132 (-1.090) by 0.108** (2.163) cy —0.821*** (-10.822)
ag 0.0461 (0.842) bg -0.671*%*  (-2.025) cg 0.518%**  (0.821)
a; —0.4691%** (-3.199) b, 0.662 (1.748) ¢, 0.713*%**  (14.101)
ag 0.0578 (0.597) bg —0.719%** (-2.312) cg 0.227%*%*  (5.385)
aqg —-0.6851 (-0.151) by -0.232 (-1.287) Cq -0.803 (-1.257)
Y 16.0271%** (2.652) Ys 126.612%** (2.415) Y, 70.541*%** (3.105)
¢, 0.0226** (2.088) Cq 0.0081***  (3.011) c, 0.334%*%*  (2.117)
Panel B. Residuals test

Q (4) 2.505 Q4) 2.008 Q4) 8.831

Q (8) 6.726 Q (8) 9.383 Q (8) 9.326

Q (12) 17.102 Q (12) 14.578 Q (12) 14.118

Q@ (16) 13.118 Q (16) 23.992 Q (16) 24.007

Q? (4) 1.824 Q% (4) 64.881%%* Q% (4) 15.118%**

Q% (8) 2.631 Q% (8) 73.671%** Q% (8) 15.832%**

Q% (12) 3.672 Q% (12) 81.081*** Q% (12) 15.991%**

Q2 (16) 5.296 Q2 (16) 86.062%** Q2 (16) 15.998%**

Note: Author’s calculation; *, **, *** gtatistically significant at level of 10%, 5%, and 1%, respectively.
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Table 9. Estimated result of STVEC-GARCH model: house price, stock price, and interest rate

House price Stock price

Interest rate

Empirical model: LSTVECM

Empirical model: ESTVECM

Empirical model: LSTVECM

Parameter Coefficient (¢-statistics) Parameter

Coefficient (¢-statistics)

Parameter Coefficient (¢-statistics)

Panel A. Mean equation

a, 0.0136 (1.152) by -0.0731 (-1.773) c 0.000182  (0.126)
a, —0.0336 (-0.748) by 0.734** (2.030) ¢ 0.00283 (0.326)
a, 0.138%** (2.383) b, —-0.182 (-1.831) cy 0.00221 (0.075)
as —0.0546 (-0.868) by 0.314** (2.251) cq 0.00257 (0.124)
ay 0.0136 (1.152) b, —0.688 (-0.181) ¢y 0.4312%* (5.593)
as 0.162 (0.419) by 0.114** (2.190) cs —0.398***  (-2.998)
ag —0.0184 (-1.289) bg —0.638** (-2.015) Cq 0.632%* (2.276)
a; —0.472%**  (-3.208) b, 0.672%** (2.703) c; 0.910%** (2.863)
ag 0.0582 (0.602) bg —0.710%** (-2.310) cg —0.238***  (-5.406)
ag —-0.0695 (-0.168) by 0.758 (0.258) Cq -0.812 (-1.269)
Yh 18.454***  (2.672) Ye 127.626%** (3.815) Y, 69.661%**  (2.912)
¢, 0.0218***  (2.097) c, 0.00618*** (3.128) c, 0.338** (2.117)
Panel B. Conditional variance equation

c1p 0.014* (1.345) Co9 0.014 (1.345) Csq 0.024 (1.441)
ag 0.221%** (2.810) Qgg 0.280** (3.112) Ugq 0.632%** (3.115)
by, 0.632%** (3.214) by 0.645%** (2.615) baq 0.264%*** (2.715)
fi 0.121%** (1.983) fs 0.205%** (2.454) fs 0.116%* (1.925)
fa 0.015* (1.835) fa 0.018 (1.465) fo 0.038*** (2.031)
Panel C. Conditional covariance equation

cqy 0.231 (1.412) Cog 0.315 (1.732) Cq3 0.446%* (1.997)
aq, 0.672%** (2.054) Qgq 0.627*** (2.915) ayg 0.682*%* (3.196)
o 0.232%** (3.154) byq 0.292%** (2.182) by 0.291%** (2.463)
Panel D. Serious correlation test on standardized residuals

D1. Standardized residuals

Z;, =&, /Jhn,t Z, =g, [ \|hs,t Z,=¢,/hrt

Series Z-statistics P-value Series Z-statistics P-value Series Z-statistics P-value
correlation correlation correlation

Q (12) 12.361 0.914 Q(12) 9.936 0.512 Q (12) 2.886 0.156
D2. Square of standardized residuals

Z} Z?2 Z?2

Series Z-statistics P-value Series Z-statistics P-value Series Z-statistics P-value
correlation correlation correlation

Q% (12) 9.452 0.914 @?(12) 12.361 0.712 Q% (12) 0.162 0.945
D3. Interaction of standardized residuals

YAV 7,7, 7.7,

Series Z-statistics P-value Series Z-statistics P-value Series Z-statistics P-value
correlation correlation correlation

Q (12) 8.715 0.445 Q(12) 10.361 0.582 Q (12) 9.662 0.825

Note: Author’s calculation; *, ** *** gtatistically significant at level of 10%, 5%, and 1%, respectively.
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As shown in Panel A of Table 9, the effect of
stock prices with 1 lag on current stock prices has
an estimated coefficient of 0.314 ( = b,), whereas
the estimated coefficient of smooth transition is
127.626 ( = v,), which is the largest compared
with house prices and interest rates. This result
suggests that stock prices show rapid speed of
transit from one state to another while deviating
from the long-run equilibrium. Regarding the esti-
mated coefficient of threshold effect for stock prices
with the value of 0.00618 (= c,), this indicates the
stock market price will diverge the long-run equi-
librium by 0.6% for smooth transition, suggest-
ing that stock prices are frequently transformed
among different states. Once the change in house
price transits, the lag effect with a negative value
of —0.182 ( = b,) changes to a positive effect with
value of 0.854 (= b, + b,), implying that a positive
effect (0.314 = b,) exists in long run equilibrium,
but a negative effect (-0.402 = b, + bg) exists in
disequilibrium in the long run.

Based on the results from Panel A of Table 9,
interest rates are not affected by other variables.
The estimated coefficient of smooth transition is
69.661 ( = v,); this suggests that straying from
the long-run equilibrium interest rate would trans-
form the state at a higher speed than the housing
price but at a slower speed than the stock price.
According to the threshold coefficient of the inter-
est rate of 0.338 ( = ¢,), the interest rates start
to adjust in a nonlinear smooth transition when
deviating from the long-run equilibrium at 33.8%.
After the interest rate experiences a state transi-
tion, the original positive effect (0.00221 = ¢,) of
house prices maintains the same effect (0.912 =
¢y * c;); however, the original positive effect of the
stock price (0.00257 = c;) changes to a negative
influence (—0.235 = ¢4 + cg).

Moreover, the causality among house price,
stock market prices and interest rate indicates that,
prior to a state transition, there is no interrelation
among the series; however, after the state transi-
tion, house prices will lead stock prices and either
house prices or stock prices will lead interest rates.
Finally, the estimated coefficients of smooth transi-
tion for house prices, stock market prices and inter-
est rates are 18.454 (= 0, ), 127.626 (= v,), and
69.661 ( = v, ), respectively. This means that the
stock market price transforms the state at the fast-
est speed compared to the others while diverging
the long-term equilibrium. Additionally, the esti-
mated coefficients of the threshold values for house
prices, stock market prices and interest rates are
0.0218 (= ¢,), 0.00618 ( = c,), and 0.338 ( = c,),

respectively. This implies that stock prices would
transform their state while slightly deviating from
the long-run equilibrium; however, interest rates
proceed with state transitions while largely diverg-
ing in long-run equilibrium.

Conditional variance equation

in STVECM-GARCH

Based on the results from panel B of Table 9, the
stock price return and square of the error term
with lag 1 has a significantly positive effect on the
current stock price return (0.645 = b,, and 0.280 =
aq9). The volatility of stock price return with lag
1 has a significantly positive effect on the current
volatility of change in the interest rate (0.038 = f;).
This result implies investors must consider the his-
torical performance of the stock price when invest-
ing in the capital market.

Conditional covariance equation

in STVECM-GARCH

Panel C in Table 9 reports the results of the condi-
tional covariance equations in the STVEC-GARCH
model. The previous house prices and interest
rates have significantly interactive effects on the
covariance of stock prices and interest rates. Ac-
cording to Panel D of Table 9, the results of the
estimated residuals series reveal that there is no
series autocorrelation (in Panel D of D1 and D2)
and heteroskedasticity (in Panel D of D3) in all
series. This indicates that our empirical model has
goodness of fit, and the analysis is effective and
explanatory.

Rationally, if encountering an event or a shock,
the change in one of these three variables will af-
fect the other two variables to achieve a new equi-
librium situation that transitions from the original
regime to another regime. In general, this will oc-
cur through a smooth transition process after we
have performed the test for a smooth transition
effect on our series. We want to detect the nonlin-
ear relations and volatility spillovers among house
prices, stock market prices and interest rates.

4. CONCLUSION REMARKS

Using monthly data from January 1985 to March
2009, this paper builds a STAR-VECM model to
empirically explore the dynamic adjustment pro-
cess and nonlinear interrelationships among house
prices, stock market prices and interest rates in
Taiwan. Simultaneously, we also use a GARCH
model to examine the volatility spillover effects
among those series.
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Empirical evidence indicates that the STVEC-
GARCH model provides the best forecast ability
with goodness of fit, and there are nonlinear and
co-integrated relations among house prices, stock
market prices and interest rates. Specifically, we
indicate that the stock market price transforms
the state at the fastest speed compared to the oth-
ers, as they diverge in long-run equilibrium. This
indicates that house prices would transit to an-
other state while diverging from the equilibrium
in the long run. The volatility of the stock price
return with lag 1 has a significantly positive ef-
fect on the current volatility of the change in the
interest rate. This result implies investors must
consider the historical performance of the stock
price when investing in the capital market. The
previous house prices and interest rates have sig-
nificantly interactive effects on the covariance of
stock prices and interest rates.
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