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This paper employs the threshold cointegration methodology to assess the long- and short-run dynamics of asymmetric ad-
justment between economic policy uncertainty (EPU) of China-India, China-Japan, China-Korea, India-Japan, India-Korea, and
Japan-Korea pairs using monthly EPU data ranging from January 1997 to April 2020. The relationship between the EPU pairs is
examined in terms of Engle-Granger and threshold cointegrations. The findings provide evidence of long-run threshold
cointegration and that the adjustments towards the long-run equilibrium position are asymmetric in the short run for the China-
India and India-Japan EPU pairs in M-TAR specification with nonzero threshold values. Also, the results suggest a unidirectional
causal relationship between China-India, China-Japan, and India-Korea EPU pairs in the long and short run using the spectral
frequency domain causality approach. However, a bidirectional causal relationship between China-Korea, India-Japan, and Japan-
Korea pairs exists in the long and short run. Therefore, the findings provide some clues to economic policymakers within the Asian

subregion for possible policy uncertainty synergies and spillovers among the Asian countries.

1. Introduction

Weakening global economic growth in recent years has been
attributed to heightened uncertainty in the economic pol-
icies of advanced economies. Global issues such as 1997-98
Asian financial crisis, September 11 terrorist attacks in the
United States (US), Gulf War II, 2008 global financial crisis,
European sovereign debt crisis, Brexit referendum, and
Covid-19 pandemic are perceived to have raised economic
policy uncertainty (EPU) with consequential effects on
private domestic demand in many economies. Usually, the
rise in uncertainty after such events may lead to a gradual
widespread of “wait” and “see” attitude, resulting in post-
poned spending projects until anticipation for economic
activity to become more obvious [1, 2]. Although EPU
linkages are considered at the cross-country level, the impact
of such uncertainty on economic activity and the behaviour

of economic agents at the household and firm levels cannot
be underestimated [3-6]. The key question that has lingered
in the minds of international macroeconomists and poli-
cymakers is the extent to which EPU shocks emanating from
one country affect the economic policy uncertainty as well as
the business cycles in another country. Specifically, small
open economies with free capital mobility, sizeable open-
ness, and a large financial sector are greatly influenced by the
international transmission of EPU shocks.

Emerging market economies have experienced large
swings in business cycles, financial market returns, and
macroeconomic fundamentals due to EPU shock trans-
mission from advanced and developed economies. For ex-
ample, EPU spillovers from the United States (US) and the
European Union (EU) would have crucial global conse-
quences because of their relatively large size, strong trade,
and financial linkages with other economies. Aside looking
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at EPU impact from the global perspective, regional and
subregional EPU linkage is eminent due to regional and
subregional economic integration. Economies within the
same subregion with considerable large financial sectors are
likely to experience increased EPU codependency, especially
during postmajor economic, financial, and political shocks.

The Asian economies have emerged as force in the global
economic architecture in production, trade, and financial
sector. For example, the Asian financial sector which is
highly susceptible to shock from uncertainty represents 37%
of the total world banking and insurance market capital-
isation [7-9]. Again, the Asian economy over the last decade
has increased its share of global Gross Domestic Product
(GDP) from 24% to 31%, and with a deepened regional
integration, the possibility of policy uncertainty shocks to
transmit from one Asian country to another would be ap-
parent. This regional integration that underpins the eco-
nomic policy linkages of the Asian economies is evident in
the revival of China’s relationships with India, Japan, and
South Korea, as well as the reboot of China, Japan, and the
Republic of Korea trilateral summit. The possible regional
integration of the Asian economy and its contagion effects
prevailed during the 1997/98 Asian financial crisis that
started in Thailand and spread across the subregion.
Therefore, examining the comovement of EPU among the
Asian countries is of great importance because of its impact
on array of economic activities such as stock markets,
housing price, commodity prices, and many more [10-22].

In this paper, we investigate the EPU linkages among
four Asian countries, comprising China, Japan, South Korea,
and India using threshold cointegration techniques to de-
termine the long- and short-run asymmetric adjustments
and comovement of EPUs between these countries. Our
choice of threshold cointegration method over the tradi-
tional linear cointegration method is based on its ability to
detect the presence of a long-run relationship between time
series variables and to unearth asymmetries in adjustment
towards fundamental values with respect to positive and
negative shocks. Thus, the power of linear cointegration test
is lower in an asymmetric adjustment process [23]. More-
over, because the nexus of time series variables is higher in
harsh periods than in tranquil periods, it makes it important
to use threshold cointegration to be able to detect the
presence of long-run equilibrium relationship with asym-
metric adjustments towards the fundamental values between
EPUs. Enders and Siklos [24] threshold cointegration
method is employed to study the asymmetric long-run re-
lationship between EPU of the four Asian countries because
the impact of economic issues such as EPU is mostly
nonstationary and nonlinear.

In addition, we focus our study on Asian countries,
precisely China, Japan, South Korea, and India because of
their economic size and power within the Asian subregion,
and the EPU shock of one of these countries can easily
influence the EPU and other macroeconomic factors of the
other. Moreover, the widespread 1997/98 Asian financial
crises across other Asian countries give a clear indication of
how contagious policy inconsistency in one of these
countries could be, which is motivating enough for our study
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to focus on Asian countries. Focusing on Asia as an
emerging economy brings about interesting dynamics to the
study of EPU linkages among countries because of the
central role the Asian economy plays in global production
networks [25-28] and the evidence of most of the Asian
emerging economies catching up financially with the ma-
tured economies [29, 30]. Although any of the Asian
countries could have been selected for this study but due to
limitation of data on EPU of most of the developing
countries, only these four Asian countries have complete
data over the whole sample period.

Studies that focus on EPU regarding the Asian economy
investigate the impact of EPU spillovers of advanced
economies on the Asian financial markets, most especially
the stock markets [31-33]. None of the previous studies
explicitly focused on investigating EPU shock transmission
among the Asian countries that showed widespread con-
tagion of the 1997/98 Asian financial crisis. The study that is
close to ours is Balcilar et al.’s study [34], they investigated
the impact of EPU shock transmission of US and EU on local
EPU and other macroeconomic factors of the Asian econ-
omy using quantile vector autoregression (QVAR) but did
not examine EPU linkages among the Asian countries. To
the best of our knowledge, this is the first study to investigate
the transmission of EPU shocks from one Asian country to
another using a threshold cointegration approach. The
findings of the study reveal a long-run relationship between
the EPU pairs of the countries and the adjustment of positive
deviations in the short run was more rapid in general than
negative deviations, implying that EPU of one country re-
sponds quickly when another country’s EPU increases.
Additionally, the Granger causality tests in the frequency
domain suggest both unidirectional and bidirectional cau-
salities of the EPU pairs in the long and short run.

Therefore, using the threshold cointegration would
uncover the upward and downward adjustments of the
short-run deviation of one country’s EPU shock transmis-
sion to other country’s EPU in the long-run. Knowing the
extent to which local EPUs of Asian countries link together
would help policymakers of the Asian economies to be on
their guard and watch economic policies of not only the
advanced economies but countries within their subregion so
that they can mitigate any possible adverse effects these
uncertainties may bring to bear on their economies. The
results from the empirical analysis showed long-run
threshold cointegration with asymmetry in the short run, in
particular for China-India and India-Japan. Again, a uni-
directional causal relationship between China-India, China-
Japan, and India-Korea EPU pairs in the long and short run
using the spectral frequency domain causality approach were
observed. Finally, long- and short-run bidirectional causal
relationship between China-Korea, India-Japan, and Japan-
Korea pairs were found. These findings present important
policy implication for dealing with uncertainty spillover in
the region. The rest of the study is organised as follows.
Section 2 reviews the relevant literature while Section 3
outlines the methodology and description of the data.
Section 4 presents the empirical results, and the conclusion
of the study is provided in Section 5.
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2. Literature Review

EPUs over the period have surged at the bane of the global
financial crisis (GFC) and the Eurozone’s serial crises as well
as partisan policy disputes in the US. As suggested by the
Federal Open Market Committee [35], the uncertainty about
US and European fiscal, regulatory and monetary policies
contributed to a steep economic decline in 2008/09 and slow
recovery afterwards. According to Klofiner and Sekkel [36],
the uncertainty spillover that increases notably around
turbulent times accounts for more than 25% of the dynamics
of the policy uncertainty index. These policy uncertainties
have a significant impact on financial markets and a growing
interest in the literature relating to the link between EPU and
international financial markets, most especially the stock
markets, which have led several researchers to focus on this
area. Thus, studies by Brogaard and Detzel [37], Arouri et al.
[38], Bahmani-Oskooee and Saha [12], Adam [39], Asafo-
Adjei et al. [40], and Chiang [41] have demonstrated that
heightened uncertainty hurts stock returns. Moreover,
Pastor and Veronesi [42], Liu and Zhang [43], Tsai [44], and
Jurado et al. [19] with different research orientations focus
on the impact of uncertainty on stock market volatility and
find that the inclusion of EPU can enhance the predictability
of stock returns. This assertion confirms Hansen et al.’s [45]
finding, which indicates that an upward shift in stock vol-
atility is due to heightened policy uncertainty.

Specifically, Pastor and Veronesi [46] showed that higher
policy uncertainty is associated with lower stock prices,
higher volatility, and higher correlations among stock
returns. Using Granger causality tests, Sum [47] investigated
the effect of US EPU on five ASEAN countries comprising of
Indonesia, Malaysia, Philippines, Singapore, and Thailand
and found that US EPU harms stock market returns of
related countries. Chulia et al. [48] examined the impact of
US policy and US equity market uncertainties on domestic
and other stock market returns. Their findings provide
evidence that an uncertainty shock lessons stock market
returns both in developed and developing countries in
uncertain times. In addition, Trung [49] tests the impact of
U.S. uncertainty on emerging economies and finds that an
upward shift in U.S. policy uncertainty inhibits international
capital inflows and investment activity, which causes stock
prices to fall in emerging economies. Bhattarai et al. [50]
investigated the spillover indices of US uncertainty shock on
fifteen emerging market economies (EMEs) by utilizing the
panel vector autoregressive (VAR) method. They found
evidence that the US uncertainty has harmful effects on EME
stock prices, exchange rates, country spreads, and capital
inflows into them. Akadiri et al. [51] found evidence of
causality between international tourism arrivals (ITAs) and
EPU of three regions of America, Europe, and Asia-Pacific
using annual frequency panel data that consist of 12
countries in a multivariate Granger causality model setting.
Their results revealed two-way causality relationship be-
tween ITAs and EPU in France, Ireland, and United States
and one-way causality relationship from ITAs to EPU in
Brazil, Canada, China, and Germany, while between ITAs
and EPU in Chile, Japan, South Korea, Russia, and Sweden,

there were no causality relationships. To establish the nexus
between EPU and carbon dioxide (CO,) emissions, Adams
et al. [52] used the World Uncertainty Index to analyse the
long-run relationship of EPU, energy consumption, and
CO, emissions for countries including Brazil, China, India,
Israel, Russia, Saudi Arabia, South Africa, Turkey, Ukraine,
and Venezuela over the period 1996 to 2017. Their results
based on the panel pooled mean group-autoregressive
distributed lag model showed a significant association be-
tween EPU and CO, emissions in the long run. The causality
analysis conducted also revealed bidirectional relationship
between EPU and CO, emissions.

Beside numerous studies that focus on EPU, stock price
movements, and other macroeconomic variables, other
studies focus on cross-country effects of uncertainty. For
example, Kl6fner and Sekkel [36] used the policy uncertainty
index to examine cross-country EPU effects of six developed
countries and found evidence of a significant spillover effect of
policy uncertainty from the US and the United Kingdom
(UK) to other countries which are the recipients of policy
uncertainty shock during and after the crises period. Luk et al.
[53] studied EPU spillovers of US, Europe, Mainland China,
and Japan in small open economies, using Hong Kong as a
case study. They constructed EPU for Hong Kong from 1998
to 2016 and found large spillovers of uncertainty from major
economies to Hong Kong. Cekin et al. [54] investigated the
dependence structure of EPU in four Latin American
economies (Brazil, Chile, Colombia, and Mexico) and by
employing vine copula modelling with various forms of tail
dependence, they found significant dependencies in economic
uncertainty among the Latin American economies. By
adopting QVAR model approach, Balcilar et al. [34] extended
their examination of external EPU spillovers of US and EU to
the local EPU of five Asian economies (China, Hong Kong,
Japan, South Korea, and India). They found that global
economic policy uncertainties makeall Asian countries’ do-
mestic EPU fragile, except China and Hong Kong. Bai et al.
[55] investigated the economic risk contagion among major
economies including the US, UK, Germany, France, Japan,
and China using an innovative spillover analysis method in
time and frequency domains. The empirical results showed
that in time-domain framework, the economic uncertainty of
the six largest economies are strongly connectedwith the US
happens as both major risk spillover contributors and receiver
in the frequency domain, especially, at the short-term fre-
quency. Their results also revealed that the static net EPU
spillover effects indicate on average that the US is the key
transmitter, while the UK and China are the major spillover
receivers.

Even though there are vast number of studies on EPU
shock spillover linkages between developed and developing
economies and its impact on the financial markets, none of
the studies enumerated examines EPU linkages among the
Asian countries, having in mind the widespread contagion of
the 1997/98 Asian financial crisis across the Asian subregion.
Also, our adoption of the threshold cointegration method of
Enders and Siklos [24] differentiates our study from the
existing studies in terms of methodology as none of the
studies to the best of our knowledge has used the approach



employed in our study to investigate EPU shock trans-
mission across developed and emerging economies in
general and among the Asian economies in particular.

3. Methodology and Data Description

3.1. Threshold Cointegration and Error Correction Model.
To investigate the dynamic adjustment properties from EPU
of one country to the other, the threshold cointegration test
technique introduced by Enders and Siklos [24] is followed
to identify the existence of an asymmetric long-run rela-
tionship between the EPUs of four Asian countries. To start
with, Engle and Granger [56] long-run cointegration test is
used to establish the stability, linearity, and long-run rela-
tionship between the EPU pairs of countries. The test is
performed under the assumption that the linearity in the
adjustment to the long-run equilibrium, as well as an in-
crease or decrease in the deviation from the long-run
equilibrium relationship, is symmetric. The long-run rela-
tionship between the EPU pairs of the four countries is
estimated as follows:

EPU]-J = ay + a,EPU;; + u;, (1)

where EPU;, and EPU,,, respectively, represent EPU of
country j and i at time t and y, is the normally distributed
residual or error term with zero expected mean and constant
variance.

To cater for the presence of nonlinearity in the variables
and the adjustment process, the linear cointegration tech-
nique cannot detect as such. Therefore, for this reason, we
apply Enders and Siklos [24] threshold cointegration where
the long-run cointegration is linear but the adjustment to
long-run equilibrium level is nonlinear. Therefore, we em-
ploy the threshold autoregressive (TAR) and momentum
threshold autoregressive (M-TAR) models of Enders and
Siklos [24] threshold cointegration to estimate the long-run
cointegration and nonlinear adjustments to the long-run
equilibrium level. The TAR model is specified as follows:

k
Ay = Iiprptey + (1= 1)pophyy + Z Vil + &> (2)
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where y, is the residual in equation (1) substituted into
equation (2) and ¢, is a zero-mean, constant variance, in-
dependent identically distributed (iid) random variable. I,
denotes the Heaviside indicator function specified as

1, ify,_ =1,

TAR: I, = { _ (3)
0, ify,_,<r,

where 7 is the threshold value that is endogenously suggested
by Chan [57]. The M-TAR model is also specified by
replacing the indicator variable I, and the level of previous
period’s residual y,_, in equation (2), respectively, by M, and
the change in the level of previous period’s residual Ay, ,
with the Heaviside indicator function stated as follows:
{ 1, ifAy,_ =1,
M-TAR: M, = (4)
0, ifAp,_ <t

If y,_, and Ap,_, are above the threshold value 7, then the
adjustment coeflicient is p,,_,, while on the other hand, the
adjustment coefficient becomes p,y,_;, if y,_; and Ay,_, are
below the threshold value 7. The threshold procedure in-
volves three stages. The first stage is to estimate the TAR and
M-TAR models for the cointegration procedure. At this
stage, the null hypothesis of no cointegration (H,: p; = p, =
0) is tested by comparing the critical values of the F-statistics
with their corresponding actual values ® in accordance with
Enders and Siklos [24]. If the null hypothesis of no coin-
tegration is rejected, the long-run cointegration between the
EPU of country j and the EPU of country i exists and this
takes us to the second stage of the threshold cointegration
procedure. In the second stage, the symmetry of the null
hypothesis (H,: p; = p,) is estimated. If we reject the null
hypothesis of symmetry, thus |p,|# |p,|, there exists non-
linear threshold cointegration between the EPU of country j
and the EPU of country i. We proceed to stage three where
we estimate the threshold vector error correction model
(TVECM) to adjust the short-run deviation from the long-
run equilibrium. TAR specification of TVECM expression
for EPU of country j and country i is stated as follows:

n n
AEPU;, = a0 + Ipy jpyy + (1- It)Pz,jP‘t—l + ;ﬁj,kAEPUi,t—k + ;"'gj,t’ (5)
n n
AEPU;, = ajo + Lipy g + (1 = I)pa bty + Z o AEPU;; 4 + Zﬂi,kAEPU -k T Eip> (6)
k k

where p, and p,, respectively, denote the speed of adjustment
parameters for positive (above) and negative (below) de-
viations for one country’s EPU from its long-run equilib-
rium, a;, and a;, are the constant terms, and AEPU;, ; and

AEPU;, ;. are the adjustments of EPU for country j and
country i. respectively. a;;, a;,, B;;> and f;, are the coeffi-
cients that quantify the short-term relationship among the
EPU of country j, its lag, and the EPU of country i while ¢;,
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and ¢; ; represent white noise disturbance terms. For M-TAR
specification of TVECM expression, we replace I, in
equations (5) and (6) by M, as defined by equation (4).
Because the parameters of the vector autoregression
(VAR) model comprise of complex nonlinear functions, it
complicates the statistical inference for the feedback mea-
sures over time [58, 59]. For this reason, we follow a Granger
causality test in the frequency domain introduced by
Breitung and Candelon [60] which is more useful if the
causal links between variables change according to fre-
quency such as the short and long run. We, therefore, adopt
the spectral frequency domain approach to investigate the
causal relationship between two time series variables based
on bivariate spectral density matrix of VAR among different
frequencies. According to Breitung and Candelon [60], the
null hypothesis (H,)M Yo (w) =0 corresponds to

EPU; = L, EPU;, | +---+ L, EPU,,

EPU, = L,EPU,, | +---+1,EPU;, ,

3.2. Data Description. The monthly EPU index data com-
plied on four major Asian countries including China, India,
Japan, and South Korea by Baker et al. [61] is used for the
study. The index is based on the news coverage frequency of
policy-related economic issues which serves as a proxy for
policy-related economic uncertainty. There are many un-
certainty measures for developed economies but less is said
about emerging and developing economies as available EPU
indices for developing countries are scanty in time scope.
The EPU index that provides a scaled measure of the ap-
pearance of uncertainty in news surrounding economic
issues is sourced from http://www.policyuncertainty.com.
The data range from January 1997 to April 2020 during
which the world experienced different categories of regional
and global financial crises, such as the 1997-1998 Asian
financial crisis, 2007-2009 global financial crises, 2010 Eu-
ropean debt crisis, and 2015 stock market crash in China.

Figure 1 presents the time series plots of EPU of China,
India, Japan, and South Korea. As shown in Figure 1, major
regional and global events such as the 1997-98 Asian fi-
nancial crises, 9/11 terrorist attacks in 2001, 2007-08 global
financial crises, 2010 European debt crises, and Chinese
stock market crash in 2015 broadly reflect spikes in the
comovement of EPUs among China, India, Japan, and South
Korea. We observe that the comovement of countries” EPUs
during periods of such crises intensifies, confirming the fact
that economic policymakers and the public including both
local and foreign investors, are usually uncertain about the
consequences of policy directions of a country in the periods
of economic crisis.

Table 1 reports the main descriptive statistics of the
variables over the period January 1997 to April 2020. On
average, China has the highest EPU index among the EPU of
the other countries, with India recording the lowest EPU
index. The EPU of China exhibits higher variability than the

Hj: R(w)B = 0, where f3 is the vector of the coefficients on a
given EPU index and
). (7)

R(w)z(

The F-statistics in equation (7) are distributed as
F(2,T-2p) for we (0, ), where T is the number of
observations that measure the VAR model of order p.
Performing the frequency domain analysis would allow us to
observe nonlinear and causality cycles for high or low fre-
quencies, and by presenting the relationship between the
EPUs of the countries in a VAR system, a bidirectional
relationship between the EPU; of country j and EPU; of
country i in the short- and long-run is expressed as follows:

cos(w) cos(Qw) ...

cos (pw)
sin (pw)

sin(w) sin(2w) ...

+0,EPU;,_ +---+ 0,EPU;,_, +¢,, (8)

+0,EPU;, ) +---+0,EPU;,_, +¢;;. (9)

other EPUs as shown by its minimum, maximum, and the
standard deviation statistics, while Japan has lowest fluc-
tuations in its EPU index as shown by its low standard
deviation over the entire sample period. Overall, the EPU
index of all countries are not normally distributed according
to their skewness, kurtosis, Jarque-Bera test, and Shapiro
test which indicate the presence of fat tails and confirms the
stylized fact about the distribution of time series data being
asymmetric.

Preliminary investigation of the comovement between
the EPU pairs is carried out by assessing the unconditional
correlation between the pairs and the results are presented in
Table 2. The results show that the correlation coefficients of
all the pairs are positive, indicating that the EPUs move in
the same directional in pairs. The results also reveal a strong
correlation between the Korea-China pair and Japan-India
pair while a weak correlation can be observed between India-
China pair.

4. Results and Discussion

4.1. Unit Root Test. We start our analysis by performing unit
root tests to check whether the series are stationary or not
using an autoregressive model. The augmented Dick-
ey-Fuller (ADF) test, Phillips-Perron unit root test and
Kwiatkowski, Phillips, Schmidt, and Shin (KPSS) test
[62-64] are applied to test for the stationarity of the time
series data used in our study as per the following equation:

k-1
Ax, = (D - 1)x,_; + Z MAx,_; +y, + v,

i=1

(10)

where x, is the series at time ¢, y, = g + pt is the deter-
ministic term (g, is the constant term and y,t is the de-
terministic trend), and v, is a white noise process.
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FIGURE 1: The relationship between the EPU indices
TasLE 1: Descriptive statistics.
EPU_China EPU_India EPU_Japan EPU_Korea
Mean 154.9016 94.7735 110.1837 128.7583
Min. 8.3459 24.9398 48.8858 22.4275
Max. 852.0525 283.6891  239.0284 538.1768
Std. Dev. 138.6951 46.954 36.4347 70.4422
Skewness 2.1668 1.2326 1.1455 1.7319
Kurtosis 4.7689 1.8143 1.4204 5.0573
Jarque-Bera = 493.03" 111.54* 86.495* 446.74*
Shapiro 0.7389* 0.9122* 0.9210* 0.8779*

Note: *denotes the rejection of null hypothesis at 5% significance level.

TaBLE 2: Unconditional linear correlation.

EPU_C EPU_I EPU_]J EPU_K
EPU_C 1
EPU_I 0.0004 1
EPU_]J 0.2171 0.6212 1
EPU_K 0.6594 0.2587 0.3509 1

The results of the unit root tests of all series are shown in
Table 3. In Table 3, the null hypothesis of all series at the level
having unit roots cannot be rejected based on McKinnon
[65] critical values at 5% level of significance using the ADF
test, but after taking the first difference of the series, the ADF
unit root test shows that all series are stationary at 5% level of
significance, indicating that the series are integrated of order
1, I(1). In addition to the ADF test, the Perron unit root test
rejects the existence of unit root for all series at level, except
Chinese EPU (EPU_C), which cannot be rejected at level,
but after taking the first difference, the null hypothesis is
rejected at 5% significance level, implying stationarity of
EPU_C at first difference.

Moreover, the results of KPSS test show the rejection of
the null hypothesis of stationarity of all series at level at 5%
significant level. However, at first difference of all series, the
stationarity hypotheses cannot be rejected at 5% level of
significance. This indicates the presence of unit roots in the
series at level but are however stationary after taking the first
difference. It is key to note that all the variables have unit
root problems in the presence of structural breaks. The

Discrete Dynamics in Nature and Society

structural break occurs around in 1997 mostly for EPU of
India, Japan and South Korea, which brings to light the
commencement of the Asian financial crisis. Moreover, a
substantial break in China’s EPU occurs around February
2018 where the Sino-US trade conflict intensified. In all, the
ADEF test and KPSS test confirm the presence of unit root in
all series at level but the series are stationary after taking the
first difference while the Phillip-Perron unit root test results
indicate stationarity of series at level, except EPU_C that is
stationary after taking first difference. Because the Phil-
lip—Perron unit root test suffers from serious size distortions
in the pure autoregressive case even in moderately large
samples [66], we conclude based on the results of the ADF.

4.2. Testing for Nonlinear Characteristics of the Variables.
To be able to proceed with the nonlinear cointegration
analysis, we employ the nonlinear unit root test proposed by
Kapetanios et al. [67], which has been considered as a
nonlinear version of the ADF test. The purpose of Kape-
tanios, Snell, and Shin (KSS) test is to outline a testing
procedure to specify the presence of nonstationary against a
nonlinear exponential smoothing transition autoregressive
(ESTAR) process which is globally stationary. The KSS is
given by the following ESTAR specification:

Ay, = gy [1-e 00 | g, (11)

where y, is the time series of interest, ¢ is the unknown
parameter, and ¢, is an iid error with mean zero and constant
variance.  The  exponential  transition  function
[1-e 009" is adopted in the test to present the non-
linear adjustment. When ¢ = 0 is assumed, then equation
(11) becomes

2
Ay, = (Pyt—l[l - 579(%1) ] +&. (12)

The null hypothesis of unit root, Hy: 6 =0, is tested
against the nonlinear ESTAR process, H, >0, in equation
(12). Because according to Kapetanios et al. [67] the null
hypothesis cannot be directly tested, a reparameterization of
equation (12) is suggested by computing a first-order Taylor
series approximation to obtain auxiliary regression equation
given by

Ay, =Y,fo1+5t- (13)

The case where the errors in equation (13) are serially
correlated, it is extended with p augmentations to correct for
serially correlated errors to become

p
Ay, = vyl + ijAyt—j +&. (14)
i1

The null hypothesis of nonstationarity to be tested with
either equation (13) or (14) is Hy: y = 0 against the alter-
native H,: p<0. The f-test statistics is given by
t = (Y/se(y)), where y is the ordinary least square (OLS)
estimate of y and se (}) is the standard error of J. The critical
values of the t statistics of the KSS unit root test are given for
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three cases referred to the model with the raw data, the
demeaned data, and the detrended data at 1%, 5%, and 10%
levels. In the case of our study, we present the KSS test results
using critical values for the model with the raw data.

Table 4 presents the results of KSS unit root test. The null
hypothesis of linear stationary cannot be rejected for China’s
EPU at 5% significant level indicating that China’s EPU does
not exhibit nonlinear characteristics. However, the null
hypothesis of linear stationary is rejected for India’s EPU,
Japan’s EPU, and Korea’s EPU, which imply they are
nonlinear stationary. Because three out of the four EPU
indices exhibit nonlinear behaviour, it is therefore worth
employing nonlinear models to investigate the nonlinear
relationships between the EPU pairs.

4.3. Engle-Granger Cointegration. We apply the Engle-
Granger cointegration test procedure as the first step to our
cointegration analysis based on the estimation of equation
(1) to ascertain the presence of long-run relationship be-
tween the EPU pairs of countries. Table 5 presents the
models’ residuals for all EPU pairs and the test results show
that the null hypothesis of no cointegration is rejected at 5%
level. This means that each EPU is cointegrated with one
another, confirming the long-run relationship between all
the EPU pairs of the countries. According to the long-run
regression results in Table 5, a change in one country’s EPU
would influence the movement in other country’s EPU in the
same direction.

4.4. Enders-Siklos Cointegration Test Results. We employ
Enders and Siklos [24] test to investigate the nonlinear
threshold cointegration and the results are displayed in
Tables 6 and 7. Both Tables 6 and 7 show the threshold effects
and focus on convergence, threshold cointegration, and
adjustment in the long-run equilibrium following a devia-
tion in EPUs in the model expressed as the linear combi-
nations of the pair of EPU variables. In both tables, the first
column shows the various cointegration model specifica-
tions and the second and the third columns show the values
of the adjustment parameters p; and p,, while the fourth and
the fifth columns, respectively, show the F statistic for the
null hypothesis of no cointegration and the test results for
the symmetric adjustment. Specifically, Table 6 exhibits the
TAR parameter estimates by assuming a threshold value for
each model to be zero which is deterministic in nature. The
point estimates in the TAR model show the convergence of
long-run equilibrium and that the speed of convergence for
positive divergence is almost the same as the speed of
convergence of negative divergence from the long-run
equilibrium of all the paired EPU models, although the
larger of the ¢ statistics is the positive adjustment parameter
p; which is greater than the 5% critical value, except the
EPUs of India-Japan model where the larger of the ¢ statistics
is the negative adjustment parameter p,. For all the models,
the F-joint statistics (thus hypothesis that p, = p, = 0) are
greater than the 5% critical value, implying that the null
hypothesis of no cointegration is rejected at 5% significance
level. This suggests long-run relationship between the EPU
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TaBLE 4: KSS unit root test results.

EPU_C EPU_I EPU_]J EPU_K
—2.3455 —4.509" —4.2881" —5.6913*

Note: *represents significance at 5% level corresponding to —2.94 critical
value.

Test statistics

pairs of countries. On the other hand, F-equal statistics (thus
hypothesis that p, = p,) that test the null hypothesis of
symmetric adjustment is lower than the 5% critical value for
all the models, indicating that the null hypothesis of sym-
metric adjustment cannot be rejected. This implies the speed
of adjustment from positive deviation is not significantly
different from the speed of adjustment from negative de-
viation, signifying the rate at which one country’s EPU
responds to rise or fall in another country’s EPU which is
almost the same according to the TAR model.

Because the threshold value is not always zero, we follow
the approach of Chan [57] to search for approximate
threshold values to estimate consistent M-TAR models of all
the EPU pairs. The threshold values with a minimum value
of Akaike Information Criteria (AIC) obtained are 34.814 for
China-India EPU pair, —31.058 for China-Japan EPU pair,
57.357 for China-Korea EPU pair, 7.932 for India-Japan
EPU pair, 25.746 for India-Korea EPU pair, and 2.575 for
Japan-Korea EPU pair. Table 7 shows a similar analysis as in
Table 6 using the M-TAR specification to check for asym-
metric movement in one country’s EPU in relation to
changes in another country’s EPU. Similarly, the larger of
the ¢ statistics is the positive adjustment parameter p; which
is greater than 5% critical value, implying the test statistics
are significant at 5% level except for the EPUs of China-
Korea model where the larger of the ¢ statistics is the negative
adjustment parameter p,. The M-TAR model estimates
suggest convergence in the long-run equilibrium and the
speed of convergence for positive deviation is faster than the
speed of convergence for negative deviation for China-India
and India-Japan models, indicating an asymmetric adjust-
ment in EPU pairs between these countries. The null hy-
pothesis of no cointegration is rejected in all models as the
value of F-joint statistics is greater than 5% critical value.
This indicates that all models show a long-run equilibrium
relationship between the EPU pairs of countries. To detect
the possibility of asymmetric adjustment, the null hypothesis
of symmetric adjustment cannot be rejected for most of the
models, except for China-India and India-Japan combina-
tions, where the F-equal statistics are greater than 5% critical
value, indicating that the speed of adjustment of positive and
negative deviations from long-run equilibrium is different.
Thus, China’s EPU reverts quickly to the equilibrium path
whenever the EPU of India rises more than a fall and vice
versa. Likewise, a rise in Japan’s EPU leads to India’s EPU
reverting quickly to the equilibrium path more than a fall in
Japan’s EPU and it is also true for the converse.

4.5. The Error Correction Model Estimation Results in M-TAR
Specification. To finally analyse the asymmetric cointegra-
tion adjustment, we estimate the M-TAR error correction
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TaBLE 5: Engle-Granger cointegration results.
EPU_C/EPU_I EPU_C/EPU_]J EPU_C/EPU_K EPU_I/EPU_]J EPU_I/EPU_K EPU_J/EPU_K
Test statistics -9.0694" —-8.7004" -16.3803" -18.9545" -16.6225" -17.7117*

Note: *represents 5% significance level with a corresponding critical value equal to —1.95 level. Each column represents EPU pair combination of the models’

residuals.
TaBLE 6: Enders-Siklos cointegration test results according to the TAR model.

Model Py I pL=p,=0 PL=p2 Conclusion
EPU_C/EPU_I  -0.228* (-4.267)  0.202* (-2.782) 12.21* (0.000)  0.091 (0.764) Cointegration exist/symmetric adjustment
EPU_C/EPU_J  -0.249* (-4.954) -0.153* (-2.209) 14.223* (0.000) 1.315 (0.253) Cointegration exist/symmetric adjustment
EPU_C/EPU_K -0.432* (-6.481)  0.350" (—4.138)  27.252* (0.000) 0.651 (0.420) Cointegration exist/symmetric adjustment
EPU_I/EPU_] 0.229* (-3.870)  —0.304* (-4.278) 15.224* (0.000) 0.723 (0.396) Cointegration exist/symmetric adjustment
EPU_I/EPU_K  -0.214* (-4.091) -0.206" (-2.751) 11.546* (0.000) 0.007 (0.933) Cointegration exist/symmetric adjustment
EPU_J/JEPU_K  -0.231* (-4.511) -0.172* (-2.383) 12.419* (0.000) 0.461 (0.498) Cointegration exist/symmetric adjustment

Note: *represents significance at 5% level. Numbers in parenthesis and square brackets are t-values and p values, respectively.

TasLE 7: Enders-Siklos cointegration test results according to the M-TAR model.

Model I P pL=p,=0 PL=P2 Conclusion

EPU_C/EPU_I  -0.365" (—4.601) —0.163" (-3.184) 14.812* (0.000) 4.871* (0.028) Cointegration exist/asymmetric adjustment
EPU_C/EPU_J  -0.223* (-4.081) -0.508" (-3.279) 13.520* (0.000) 0.034 (0.853) Cointegration exist/symmetric adjustment
EPU_C/EPU_K -0.368" (-3.371) —0.410* (-6.868) 26.940* (0.000)  0.13 (0.719)  Cointegration exist/symmetric adjustment
EPU_I/EPU_J  -0.375* (-5.645) —0.160* (-2.384) 17.766* (0.000) 5.686* (0.018) Cointegration exist/asymmetric adjustment
EPU_I/EPU_K  -0.304" (-4.116) -0.165" (-3.141) 12.699* (0.000) 2.515 (0.114) Cointegration exist/symmetric adjustment
EPU_J/EPU_K  -0.265* (-4.604) -0.151* (-2.447) 13.207* (0.000) 1.91 (0.168)  Cointegration exist/symmetric adjustment

Note: *represents significance at 5% level. Numbers in parentheses and square brackets are ¢-values and p values, respectively.

model (M-TVECM) specified in the modified equations (5)
and (6) to establish the short-run relationships between the
EPUs of the countries. Though only China-India and India-
Japan EPU models produced asymmetry in the adjustment
mechanism as shown in Table 7, the adjustment parameters
p, and p, which represent the coefficients of the long-run
relationship between the EPU pairs for the remaining
models showed the significance of both positive and negative
adjustments at 5% level, and since |p, | # |p,|, we estimate the
M-TVECM for all the EPU pairs and the results are pre-
sented in Table 8. In Table 8, we have 12 M-TVECM esti-
mated and each model comprises of each country’s EPU as a
dependent variable yielding three models each with the
corresponding independent variables. The results suggest
that the speed of adjustment of positive deviation is quicker
than the negative one for most models except for three
models where Korea is the dependent variable with the
adjustment of negative deviations being more rapid than the
positive ones. Because the coefficients of the error correction
term which represent the coefficients of the long-run rela-
tionship are significant, we conclude that long-run rela-
tionship exists between the EPU pairs. Specifically, for the
models where China’s EPU is the dependent variable, the
adjustment of the positive deviation of India’s EPU is sig-
nificant at 10% level, showing a positive relationship be-
tween India’s EPU and China’s EPU in the short run while
the adjustment of the positive deviation of Korea’s EPU is
significant at 1% level and the joint coefficient of Korea’s
EPU positively impacts China’s EPU in the short run. The

adjustment of both positive and negative deviations of Ja-
pan’s EPU is not significant at 5% level, indicating the failure
of China’s EPU to respond to the deviation of Japan’s EPU in
the short run. These results imply that upward movements in
the EPU of India and Korea will cause upward movement in
China’s EPU as well.

In addition, models where India’s EPU acts as the de-
pendent variable, the adjustment of the positive deviation of
China’s EPU is although significant at 5% level and India’s
EPU rarely reacts to the deviation of China’s EPU in the
short run but instead converges to the equilibrium value in
the long run. The adjustment of the positive deviation of
Japan’s EPU is significant at 1% level and Japan’s EPU in-
fluences India’s EPU positively in the short run. In the same
breath, India’s EPU responds to a positive deviation of
Korea’s EPU in the short run, as the adjustment of the
positive deviation of Korea’s EPU is significant at 1% level,
indicating a positive relationship between Korea’s EPU and
India’s EPU in the short run. These results imply that the
increase in Japan’s EPU and Korea’s EPU caused an increase
in India’s EPU. Furthermore, having Japan’s EPU as the
dependent variable in the model, the adjustment of positive
deviation of China’s EPU is significant at 5% level but Ja-
pan’s EPU rarely responses to short-run movements in
China’s EPU, instead it returns to the equilibrium path in the
long run. Similarly, the fluctuations in India’s EPU neither
influences Japan’s EPU in the short run nor the adjustment
in either direction of the deviation of India’s EPU is sig-
nificant at 5% level, implying that the movement in India’s
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EPU does not impact the movement in Japan’s EPU in the
short run. In addition, the adjustment of the positive de-
viation of Korea’s EPU is significant at 1% level, showing a
negative relationship between Korea’s EPU and Japan’s EPU
in the short run, implying that a rise in Korea’s EPU leads to
a fall in Japan’s EPU.

Moreover, having Korea’s EPU as the dependent variable
in the model, we observe that the adjustment of the negative
deviations of China’s EPU and India’s EPU and that of
Japan’s are significant at 1% level and these variables have a
negative relationship with Korea’s EPU in the short run
except India’s EPU, implying that upward movements in
EPUs of China and Japan result in downward movement in
Korea’s EPU. Therefore, the abovementioned findings
suggest both unidirectional and bidirectional movements
between the EPUs of the countries in the short run either in
the same or opposite direction to the bidirectional move-
ments. In summary, movements in India’s EPU affect
China’s EPU in the short run but not in the reverse case;
while there is no significant short-run relationship between
China’s and Japan’s EPUs, Japan influences China’s EPU in
the long run and this is consistent with Bai et al. [53] who
found China to be the principal receiver of EPU spillover.
For the case of China-Korea and India-Korea EPU pairs,
there is a bidirectional movement between the pairs but in
the opposite direction. Thus, while upward movement in
Korea’s EPU results in the upward movements in China’s
and India’s EPUs, upward movements in both China’s and
India’s EPUs result in downward movement in Korea’s EPU
and this relationship suggests a diversification potential for
investors. Also, an upward movement in Japan’s EPU causes
India’s EPU to move in the same direction in the short run
but the movement in India’s EPU in either direction does
not impact movement in Japan’s EPU in the short run. We
can again infer from the M-TVECM that movements in
EPUs of Japan and Korea impact the movement in the other
in the opposite direction, indicating a significant negative
relationship between these two variables in the short run.
Thus, a rise in Japan’s EPU results in a decline in Korea’s
EPU while an increase in Korea’s EPU also results in a
decline in Japan’s EPU which again provides diversification
opportunities for investors.

4.6. Estimating Causality among the EPUs in the Frequency
Domain. As a final step in our analysis, we explore the
existence of spectral causality among the EPU indices of the
countries over the short and long run by estimating equa-
tions (7), (8), and (9). The test statistics for all frequencies in
the interval (0, ) are computed at 5% significance level and
the frequencies correspond to a wavelength of (271/w) ~ 2
years. The 5% critical value for the F-statistics with 2 and
(T - 2p) degrees of freedom corresponding to 2 and 272
degrees of freedom where the value of T is 280 observations
and p is 4 (VAR order) is computed. Figure 2 shows the
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Granger causality between the EPUs of China and India in
the frequency domain and at the 5% significance level. The
null hypothesis that China’s EPU does not Granger cause
India’s EPU cannot be rejected, implying that China’s EPU
does not significantly influence India’s EPU in short and
long run. On the other hand, India’s EPU does cause China’s
EPU at frequencies corresponding to 5 to 6 months in the
long run and 2 to 3 months in the short run. This shows a
unidirectional causality between China’s and India’s EPU in
the short and long run which indicates that the movement in
India’s EPU affects China’s EPU through the short and long
run.

Figure 3 shows the causality of China’s EPU and Japan’s
EPU in the short and long run. The figure reveals China’s
EPU does not Granger cause Japan’s EPU either in the short
or long run at 5% significance level. This implies that the
movement in China’s EPU does not influence Japan’s EPU
in the short and long run. Japan’s EPU Granger causes
China’s EPU at frequencies corresponding to 3 to 4 months
in the long run, indicating unidirectional causality. This
finding indicates that movement in Japan’s EPU affects the
movement in China’s EPU in the long run. Figure 4 shows
the frequency domain causality of China’s EPU and Korea’s
EPU in the short and long run. Korea’s EPU Granger causes
China’s EPU at 5% significant level at frequencies corre-
sponding to 3 to 4 months in the long run, while China’s
EPU Granger causes Korea’s EPU at frequencies corre-
sponding 2 to 6 months in the short through to the long run.
This is an indication of bicausality which implies that EPUs
of both China and Korea influence each other in the long
run.

Figure 5 displays the Granger causality of Japan’s EPU
and India’s EPU in the frequency domain. The figure reveals
the rejection of the null hypothesis that EPU of Japan does
not Granger cause the EPU of India at all frequencies sig-
nificant at 5% level which is rejected, indicating the
movement in EPU of Japan affects movement in India’s EPU
in the long and short run. In the reverse case, India’s EPU
Granger causes Japan’s EPU at significant frequencies
corresponding to 2 to 3 months in the short run. The result
shows bidirectional causality between the EPUs of Japan and
India implying that movement in one EPU influences the
other in the short and long run. Figure 6 depicts the fre-
quency domain Granger causality of Korea’s EPU and In-
dia’s EPU at frequencies significant at 5% level. The null
hypothesis that India’s EPU does not Granger cause Korea’s
EPU cannot be rejected at all frequencies at 5% significance
level, indicating that movement in India’s EPU does not
significantly influence the movement in Korea’s EPU while
Korea’s EPU Granger causes India’s EPU at frequencies
corresponding to 2 to 3 months in the long run, implying the
influence of Korea’s EPU on the movement in India’s EPU.

Finally, Figure 7 shows the Granger causality of Korea’s
EPU and Japan’s EPU in the frequency domain. The EPU of
Korea Granger causes the EPU of Japan at significant
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FiGure 2: The frequency domain causality between China’s and
India’s EPU indices. The part of the lines mentioned above the
critical value-line indicates rejection of the null hypothesis of no
Granger causality.
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—— BC test statistics (EPU_C does not cause EPU_J)
—— 5% BC critical value

FIGURE 3: The frequency domain causality between China’s and
Japan’s EPU indices. The part of the lines above the critical value-
line indicates rejection of the null hypothesis of no Granger
causality.

frequencies at 5% level corresponding to 2 to 3 months in the
short run, implying that movement in Korea’s EPU influ-
ences Japan’s EPU in the short run. For the converse, Japan’s
EPU Granger causes Korea’s EPU at frequencies corre-
sponding to 3 to 5 months in the long run and 2 to 3 months
in the short run. This implies a bidirectional causality be-
tween Korea’s EPU and Japan’s EPU in the long and short
run. Thus, movements in both EPUs impact the other. The
causal relationship between the EPU pairs of the countries is
evidenced by the integration of the Asian economy through
the formation of greater trade and investment linkages
underpinned by East Asia’s supply chain and production
fragmentation and served as an engine of global trade and
economic growth [66].
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FIGURE 6: The frequency domain causality between Korea’s and
India’s EPU indices. The part of the lines above the critical value-
line indicates rejection of the null hypothesis of no Granger
causality.



Discrete Dynamics in Nature and Society

4.8
4.4 4
4.0 4
3.6

3.2 A 7
2.8 4
2.4 |
2.0 4
1.6 |
1.2 1

0.8 T T T T T T T
0.0 0.4 0.8 1.2 1.6 2.0 24 2.8 32

Frequency

Calculated values of F-statistics

—— BC test statistics (EPU_K does not cause EPU_J)
—— BC test statistics (EPU_]J does not cause EPU_K)
—— 5% BC critical value

FIGURE 7: The frequency domain causality between Korea’s and
Japan’s EPU indices. The part of the lines above the critical value-
line indicates rejection of the null hypothesis of no Granger
causality.

5. Conclusion

We have investigated the linkages between EPU pairs of four
Asian countries from January 1997 to April 2020 by ex-
amining the cointegration, asymmetric cointegration, and
causal relationship in the frequency domain between the
EPU pairs of China, India, Japan, and South Korea, allowing
for asymmetric adjustments towards long-run equilibrium.
The Engle-Granger cointegration test reveals the existence of
long-run relationships between the EPU pairs. Because the
Engle-Granger cointegration lacks a threshold adjustment in
the long-run, we employed the TAR and M-TAR models,
following Enders and Siklos [24], to determine the asym-
metric response of each EPU in the combination of China-
India, China-Japan, China-Korea, India-Japan, India-Korea,
and Japan-Korea EPU models. The TAR and M-TAR models
support the threshold adjustment between the EPU pairs,
which further discloses asymmetries in the EPU model
adjustment process. Though the null hypothesis of no
cointegration was rejected for both TAR and M-TAR
models, the null hypothesis of symmetric adjustment was
not rejected for all models with TAR specification with zero
threshold value. However, for the M-TAR model with
nonzero threshold values, the symmetric adjustment null
hypothesis was rejected for China-India and India-Japan
EPU pairs, indicating asymmetry in the adjustment of
positive and negative divergence from the long-run equi-
librium. We, therefore, estimated the M-TVECM using the
M-TAR specification. The findings show that the EPUs
influence each other in the short run and the threshold error
term shows the speed of adjustment for positive deviation
which is faster than the negative deviations for all models,
except the case where Korea’s EPU is the dependent variable
where the speed of adjustment for negative deviations is
more rapid than the adjustment of positive deviations. In all,
apart from the Korea’s EPU that responds quickly to the
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decline in other EPUs in the short run, the remaining EPUs
respond quickly to a rise in value of the other EPU indices.

In addition, the bivariate analysis to establish long- and
short-run relationship between the EPU pairs of the
countries in the frequency domain reveals both unidirec-
tional and bidirectional Granger causality between the EPU
pairs. The findings suggest a unidirectional causality between
China-India, China-Japan, and India-Korea EPU pairs
where India and Japan Granger cause China’s EPU in the
long and short run while Korea’s EPU Granger causes In-
dia’s EPU in the long run, indicating that both India and
Japan influence movement in China’s EPU and Korea’s EPU
which, on one hand, influence the movement in India’s EPU.
However, the bidirectional causality between China-Korea
pair in the long and short run exists. The findings also reveal
bidirectional causality between India-Japan and Japan-
Korea EPU pairs in the long and short run showing that each
EPU influences movement in the other EPU in the pair in
either long run or short run or both.

The linkages and comovements between the EPU pairs of
countries established in our study provide policy implica-
tions to the policymakers and local and international in-
vestors of these countries, as well as the countries within the
Asian subregion. Heightened economic policy inconsistency
spawns fear in investors, leading to “wait” and “see” attitudes
which can “impede business prospects and households’
consumption and this can threaten all facets of the economy
including weakened stock market performance, increased
unemployment rate, volatile financial market, rising infla-
tion, etc. Therefore, economic policymakers should be aware
of the potential EPU linkages among countries so that
prudent measures could be put in place to instill confidence
of a growing economy in the investment community.

Data Availability

The economic policy uncertainty data were supplied by
https://www.policyuncertainty.com/about.html and eco-
nomic policy uncertainty is under license and so cannot be
made freely available.
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