
Downstream suppliers’ business cycle co-
movement in Asian value chains 
Article 

Published Version 

Creative Commons: Attribution 4.0 (CC-BY) 

Open Access 

Siow, H. S., Kaliappan, S. R., Ibrahim, S. and Naseem, N. A. 
M. (2022) Downstream suppliers’ business cycle co-movement
in Asian value chains. Journal of Asian Economic Integration, 
4 (2). pp. 121-143. ISSN 26316846 doi: 
10.1177/26316846221107417 Available at 
https://centaur.reading.ac.uk/105554/ 

It is advisable to refer to the publisher’s version if you intend to cite from the 
work.  See Guidance on citing  .

To link to this article DOI: http://dx.doi.org/10.1177/26316846221107417 

Publisher: Sage Journals 

All outputs in CentAUR are protected by Intellectual Property Rights law, 
including copyright law. Copyright and IPR is retained by the creators or other 
copyright holders. Terms and conditions for use of this material are defined in 
the End User Agreement  . 

www.reading.ac.uk/centaur   

CentAUR 

http://centaur.reading.ac.uk/71187/10/CentAUR%20citing%20guide.pdf
http://www.reading.ac.uk/centaur
http://centaur.reading.ac.uk/licence


Central Archive at the University of Reading 
Reading’s research outputs online



https://doi.org/10.1177/26316846221107417

Journal of Asian Economic Integration
1–23

© 2022 ASEAN-India Centre & ASEAN 
Studies Center-Thailand

Reprints and permissions:
in.sagepub.com/journals-permissions-india

DOI: 10.1177/26316846221107417
journals.sagepub.com/home/eci

Article

Downstream Suppliers’ 
Business Cycle  
Co-movement in Asian 
Value Chains

Siow Hui Sian1, Shivee Ranjanee Kaliappan2, 
Saifuzzaman Ibrahim2 and N.A.M Naseem2

Abstract

This study assessed the bilateral business cycle co-movement between the 
individual downstream suppliers (Association of Southeast Asian Nations) and 
upstream supplier (China and Japan) in Asian value chain. The empirical findings 
suggest that trade intensity negatively impacted the regional business cycle co-
movement, while trade linkage has positive impacts. Moreover, the impact of 
value chain trade on business cycle co-movement is more apparent in the short 
run than in the long run.

JEL Classification: F15, F16
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Introduction

Since the 1980s, production processes were fragmented into vertical stages and 
split between multiple countries (Athukorala & Menon, 2015). According to 
Breda et al. (2009), cost reductions through lower trade barriers, organisational 
innovations, and advancing information and communication technologies 
facilitated increased outsourcing and offshoring activities. This geographical 
fragmentation of production has led to regional cooperation in production or 
regional value chains. Regional value chains involve trade in domestic or imported 
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intermediates from all industries. These industries’ outputs are inputs in other 
industries for production to meet the final demand or to create additional 
intermediates in regional value chains.

According to the World Bank and World Trade Organization (2019), three 
common regional value chain clusters are European, American and Asian. The 
major suppliers in regional value chains are Germany (European), the United 
States (American), China and Japan (Asian) because of their size and the volume 
of their bilateral trade with other countries in their region.

This article focuses on the Asian value chain for two reasons. First, the 
downstream suppliers in the Asian value chain, such as Indonesia, Malaysia, 
Thailand and Singapore, were actively involved in the regional value chain, but 
their role in the Asian value chain is discussed minimally in the existing literature 
and, therefore, provides ample opportunity for study. Because of the unavailability 
of complete data sets, other active countries in the Asian value chain, such as the 
Philippines and Vietnam, are not included in this article. Second, the emergence 
of China has replaced part of the role of Japan and the United States in the regional 
value chain which is yet to be fully discussed in the existing literature.

As opposed to the existing literature that emphasises upstream suppliers, this 
article focuses on downstream suppliers (ASEAN-4) and their relationship with 
upstream suppliers (China and Japan). Therefore, the direct trade relationship 
between the United States, China and Japan will not be empirically tested and 
discussed because the three countries are upstream suppliers and, hence, is outside 
the scope of this article.

Participants in value chains are generally known as upstream or downstream 
suppliers through their domestic value added embodied in other countries’ export 
and foreign value added embodied in their exports. These values are captured by 
Figures 1 and 2. From the figures, Japan is an upstream supplier in the value chain 
because of its high domestic value added in foreign export and low foreign value 
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Figure 1. Domestic Value Added Embodied in Foreign Exports, 1995–2011.

Source: OECD Global Value Chains Indicators Data set (2013).
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added in export during the period of 1995–2011. Meanwhile, China has a high 
domestic value added in the foreign export and a high value of foreign value 
added in its export during the period. Malaysia, Singapore, Indonesia and Thailand 
(ASEAN-4) are downstream suppliers from 1995 to 2011 because of the high 
foreign value added embodied in their export compared to the export of domestic 
value added.

The small and open ASEAN-4 is assumed to be easily influenced by the 
movement of regional upstream suppliers, such as China and Japan, after joining 
the regional value chain that increases trade interdependency. The increasing 
reliance on foreign demand and supply, as in value chain, are assumed to make 
downstream suppliers more vulnerable to fluctuations of external final demand, 
which might eventually affect the country’s business cycle movement. To test the 
validity of this assumption, the present article examines whether trade in 
intermediates acts as a transmission channel to transfer business cycle movements 
from one country to another in this region from 1970 to 2015. The country pairs 
in the present article are China–Indonesia, China–Malaysia, China–Singapore, 
China–Thailand, Japan–Indonesia, Japan–Malaysia, Japan–Singapore and Japan–
Thailand. Autoregressive distributed lag (ARDL) bound test was used for time 
series analysis.

Literature Review

The early literature on international business cycle co-movement is in the field of 
common currency, pioneered by Mundell in the 1960s and given new impetus by 
Frankel and Rose (1998). Franker and Rose suggested that a closer bilateral trade 
relationship would lead to a closer business cycles co-movement, particularly in 
bilateral intra-industry trade.

By extending Frankel and Rose’s (1998) model, Choe (2002) found that 
economic fluctuations are more synchronised within 10 East Asia over two 
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periods, 1981–1990 and 1986–1995. Japan was found to play an important role in 
the East Asia business cycles co-movement through trade in the 1980s, using 
ordinary least square (OLS) and instrumental variables (IV) estimates. Moreover, 
Shin and Wang (2003) found a positive impacts of intra-industry trade on East 
Asia business cycle co-movement, between 1976 and 1997, using a fixed effect 
panel regression estimation method.

Outside East Asia, Calderon et al. (2007) found positive impact of intra-
industry trade on business cycle co-movement through trade intensity1 for 147 
industrial and developing countries between 1960 and 1999, using OLS and IV 
methods. The empirical results showed a negative impact of inter-industry trade 
and a positive impact of intra-industry trade on business cycle co-movement. 
Diverged result was found between industrial and developing countries, where 
positive and significant impact of trade intensity on business cycle correlation 
was found among developing countries, albeit smaller compared to the industrial 
countries. Moreover, the impact of trade increased when countries had similar 
production structures.

Beside trade intensity, trade linkage is also a common proxy of trade integration. 
Trade linkage is defined as country pairs’ engagement in production sharing 
through trade flows of intermediate goods in a vertically integrated production 
network. The domestic and foreign intermediates were assumed to be not 
substitutable in the model. Using this definition, Burstein et al. (2008) found a 
positive relationship between trade linkage and business cycle co-movement 
between US multinational firms and their foreign affiliates. However, Burstein et 
al.’s (2008) study focused on the correlation of output than on the correlation of 
GDP. The main finding of their paper was that trade linkage in the same industry 
had a greater positive impact on business cycle co-movement compared to inter-
industry trade linkage.

With the grow of value chain activities and availability of input–output data, Di 
Giovanni and Levchenko (2010) studied the impact of intermediates trade on 
business cycle co-movement. They found that country pairs that use each other’s 
outputs as intermediates experience stronger business cycle co-movements, but the 
degree of co-movement reduced in sectors with higher elasticities of substitution. 
To quantify the vertical trade linkages, they used input–output matrices to gauge 
the intensity with which individual sectors use each other as intermediate inputs in 
production. The impacts of bilateral trade on the strength of trade linkages were 
conditioned between each pair of sectors using input–output analysis. This provides 
evidence of transmission by focusing on an identifiable channel.

On the other hand, Johnson (2014) found that trade in intermediates can explain 
the goods trade co-movement but not the services trade co-movement. The impact 
of trade in intermediates on trade co-movement can only be seen via input linkages 
and not by value-added trade. Further, the impact of input linkages on trade 
integration is clear only when countries have strong bilateral production sharing 
linkages or are exposed to common shocks.

In contrast to Johnson’s (2014) finding, Duval et al. (2014) found a strong 
positive impact of value-added trade intensity on business cycle co-movement 
conditional on the control of global common shocks and country pair heterogeneity. 
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In their model, a quasi-correlation of real GDP growth rates was used as a proxy of 
business cycle co-movement. Their results show that the variables of trade, bilateral 
intra-industry trade and trade specialisation correlation have a positive impact on 
business cycle co-movement. Using annual data from 63 countries, including 34 
advanced economies (7 in Asia) and 29 emerging economies (8 in Asia), they 
found positive demand spill over impacts from China to other Asian countries.

In general, the extant literature suggests that a closer bilateral trade is lead to 
business cycle co-movement. Following the existing literature, the writers 
systematically examine whether ASEAN-4 participation in Asia value chain 
activities, through trade linkages and trade intensity, lead to bilateral business 
cycle co-movement with China and Japan, respectively. However, the present 
study is different to the existing studies by focusing on the downstream suppliers 
(ASEAN-4) in Asia value chain. Undertaking studies on business cycle 
co-movement in Asia value chain is important for policy implementation for 
downstream suppliers. If a downstream supplier’s business cycle movement is 
easily affected by the upstream supplier, regional growth is expected during a 
regional boom; however, negative external shocks during a regional recession 
would be catastrophic.

Methodology

A general business cycle co-movement model by Di Giovanni and Levchenko 
(2010) was adopted with some adjustments in this article. The model assumes that 
a more integrated trade relationship would promote a closer business cycle 
co-movement among the trade-related countries as is given below:

1 1 , Tradelinkagecd cd cd
cd t t tQCORR TITVA uβ γ ε= + + + +a 	 (1)

where, QCORRcd denotes correlations between country c and country d’s GDP 
over time; TITVAt

cd �  denotes trade intensity; and Tradelinkaget
cd  denotes bilateral 

trade linkage in value chain.

( )1 1Tradelinkage   cd
t cd cd dc dcIO Export IO Exportγ γ= + 	 (2)

IO Export IO Exportcd cd dc dc+ �  in Equation (2) is trade linkage, computed by the 
sum of bilateral export after adjusting for value-added. Moreover, the coefficient 
γ1  was constrained to be the same regardless of the direction of trade, whether it 
is from country c to d or from country d to c.

Business Cycle Co-movement

Business cycle co-movement (  )cdQCORR  is generally measured using correlation, 
for example, output correlation (Shin & Wang, 2003), real GDP correlation 
(Frankel & Rose, 1998), growth rates of real GDP per capita correlation 
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(Antonakakis, 2012) and GDP correlation (Cerqueira & Martins, 2009). In the 
present article, the business cycle co-movement is measured through real GDP 
growth rate correlation between two countries, country X and country Y, using the 
following expression and computed using the econometrics software:

( ) ( )
( ) ( )( )1/2.

ˆ
ˆ

,
,  

,  ,ˆ ˆ

X Y
X Y

X X Y Y

σ
ρ

σ σ
= 	 (3)

The country-by-country GDP correlation was computed in bilateral form, namely 
China–Indonesia, China–Malaysia, China–Singapore, China–Thailand, Japan–
Indonesia, Japan–Malaysia, Japan–Singapore and Japan–Thailand. The GDP data 
was extracted from World Development Indicators for the period 1970–2015.

Trade Intensity

Trade intensity is a common independent variable to represent trade in business 
cycle co-movement, such as in Frankel and Rose (1998), Shin and Wang (2003), 
Imbs (2004), Cerqueira and Martins (2009), Sato and Zhang (2006) and 
Antonakakis (2012). The common proxies of trade intensity are bilateral trade 
intensity, Grubel and Lloyd index or value-added trade data. To capture value 
chain trade in business cycle co-movement, the present article computes trade 
intensity following Di Giovanni and Levchenko (2010) with some adjustment. 
The major difference between the two is Di Giovanni and Levchenko (2010)’s 
trade intensity that was focusing on vertical linkage industries, while the present 
article trade intensity represents a trade in value chain at macroeconomic level 
that involves all industries.

In this article, trade intensity represents the significance of bilateral 
intermediates trade to total output. The variable of TITVAt

cd  is measured through 
a sum of value-added import from country c to country d at time t, and the value-
added import from country d to country c at time t, over the sum of the national 
output of both countries at time t, as is given below:

 1  log
 

cd dc
cd t t
t c d

t t t

DVA DVA
TITVA

T Y Y
 +

=  + 
∑ 	 (4)

where DVAt
cd  represents the domestic value-added produced in country c and 

imported by country d at time t; DVAt
dc  represents the domestic value-added 

produced in country d and imported by country c at time t; Yt
c  is the total value 

added of country c at time t; Yt
d  is the total value added of country d at time 

t. The data of trade in value added is obtained from Eora Global multi-region 
input-output (MRIO) table.
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Trade Linkage

Trade linkages represented by IO Export IO Exportcd cd dc dc+ � in Equation (2) 
illustrate the bilateral trade of intermediates between country c and d. For example, 
the IOcd  captures the value of intermediates import from country c to produce 
one-dollar value of export in country d. Since we are not focusing on trade in 
vertical linkages as Di Giovanni and Levchenko (2010),2 and also because of the 
limitation of data, we assume IOcd  equals the I–O matrix of ‘import into 
intermediates demand’ in input–output table. The I–O matrix captures the sum of 
all industries import of intermediates from country c to produce one-dollar value 
of output from all sectors in country d. The data was obtained from Eora Global 
MRIO. Furthermore, the IO Exportcd cd  denotes the export from country c to 
country d using import of intermediates from country d. The variable is in the 
natural logarithm. A positive relationship between trade linkages and business 
cycle co-movement is assumed if the import of intermediates is sufficiently 
essential in the production process (Burstein et al., 2008; Di Giovanni & 
Levchenko, 2010)

Control Variables

Control variables were added into the model to improve the estimated result. Two 
main types of control variables were added into the model: (a) common shock that 
affects countries’ business cycle co-movement; and (b) implementation of bilateral 
free trade agreements that affect the bilateral trade relations between countries 
(Akın, 2012; Gruben et al., 2002; Imbs, 2004).

A common shock variable such as the Asia financial crisis (D1998) has been 
added to the models because of its long-term impact on ASEAN, except for 
Singapore. This is because Singapore’s imports recovered better than the other 
ASEAN-3 countries after the Asian financial crisis.

The control variable of D1982 has been added into all models that involve 
China because that year represents China’s 1982 constitution, which attributes 
greater flexibility and less ideological orientation of foreign policy to China. 
Meanwhile, other more specific control variables, such as bilateral trade 
agreements, are discussed in the specific country session in the ‘Results and 
Discussion’ section.

Autoregressive Distributed Lag (ARDL) Bound Test

The ARDL bound test was used due to its effectiveness in small sample time 
series model (Narayan 2005; Pesaran et al., 2001; Sam et al., 2019).

The ARDL model is regressed in a simple linear form as follows:

1 1    Tradelink ,agecd cd cd
cd t t tQCORR TITVA uα β γ ε= + + + +
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where QCORRcd  denotes an instantaneous quasi-correlation of real GDP growth 
rate, TITVAt

cd denotes trade intensity between countries c and d in natural 
logarithm form and Tradelinkaget

cd  denotes trade linkage between countries c 
and d in natural logarithm form. As only the explanatory variables are in natural 
logarithm form, the impact of each explanatory variable on the dependent variable 
would be divided by 100. For example, a 1% change in the explanatory variable 
would cause a 0.01 of absolute change in the coefficient of GDP correlation 
(business cycle co-movement).

Our hypothesis assumes positive links between the independent variable and 
the dependent variables. If the variables are co-integrated in ARDL model, 
increase in bilateral intermediates trade, through trade intensity and trade linkage, 
leads to business cycle co-movement.

( ) ( ) ( )
( ) ( )( )
( )

01 1 , 1 2 1 3 1

1 , 21 1

3 1 11

   ln  ln Tradelinkage  

l

,

n  ln

  Tradelinkage  

cd cd
cd i cd t i t i t

p q cd
i cd t i i t ii i

q cd
i t i t ti

D QCorr QCorr TITVA

D QCorr D TITVA

Dln ECT

α β β β

α α

α α ε

− − −

− −= =

− −=

= + + + +

+ +

+ +

∑ ∑
∑

	
(5)

where all variables are as previously defined. ln(.) is the logarithm operator, D is 
the first difference, and εt are the error terms. �βxi  correspond to the long-run 
relationship, while the terms with the summation signs in the second part represent 
the error correction dynamics. The bound test is mainly based on the joint 
F-statistic, the t-test statistics and the F-test of lag independent variable which its 
asymptotic distribution is non-standard under the null hypotheses of no 
co-integration. The null hypothesis is 0 1 2 3 :   0i i iH β β β= = = .

The ARDL model estimates (p + 1)k number of regressors in order to obtain the 
optimal lags for each variable, where p is the maximum number of lags to be used 
and k is the number of variables in the equation. We choose maximum lag order 
for the ARDL model from a list of the optimal model selection criteria such as 
Schwarz information criterion (SC), Akaike Information Criteria (AIC), Hannan–
Quinn information criterion (HQ) and sequentially modified Likelihood-Ratio 
(LR) test statistic.

Results And Discussion

Unit Root Tests Results

The validity of ARDL bound test result is based on the assumption that the 
variables are either integrated at order zero I(0) or order one I(1), and none of the 
variables is integrated at order two I(2). Spurious result might be obtained if this 
assumption is violated. Therefore, the stationary properties of the variables in the 
import demand function were tested using Augmented Dickey–Fuller (ADF), 
Phillips–Perron (PP) and Kwiatkowski–Phillips–Schmidt–Shin (KPSS) test prior 
to the ARDL bounds test. The unit root test result is given in Table A.1. All the 
variables are stationary either at I(0) or I(1).
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ARDL Co-integration Test Results

The present article aims to understand whether ASEAN-4 participation in regional 
value chain activities would cause a more synchronised business cycle co-movement 
between the upstream (China and Japan) and downstream (ASEAN-4) suppliers. 
An ARDL bounds analysis was used to test Equation (5). Three tests for cointegration 
were conducted under the ARDL bound analysis, following Sam et al. (2019). The 
three tests are as follows: (a) an overall F-test on all coefficients on the lagged 
variables; (b) a t-test on the coefficient on the lagged level of the dependent variable; 
and (c) an F-test on all coefficients on the lagged independent variables.

The test statistics of (a) are compared with the critical value from Narayan 
(2005, Table of Case II) for a small sample size ranging 30–80; the t-test from (b) 
are compared with the critical value from Pesaran et al. (2001, Table CI (ii) Case 
(II)); and the F-test from (c) are compared with the critical value bound from Sam 
et al. (2019, Table 2 Case III).

If the calculated statistics is greater than upper (I (1)) critical values of the three 
tests, then the null hypothesis of no co-integration can be rejected. If the null 
hypothesis of all three tests are rejected, there is cointegration. If only the null 
from (a) and (b) are rejected, it implies a case of degenerate lagged independent 
variable case. If only (a) and (c) are rejected, then it implies a case of degenerate 
lagged dependent variable case.

The empirical results are reported from Tables 1–4 and discussed later in this 
section. From the empirical output, long-run, co-integrated relationships were 
found in all models, except Indonesia-Japan, Thailand-China, and Thailand-
Japan. The dependent variable (GDP correlation) coordinates with the trade in 
value chain in the long run. This empirical result is consistent with the findings in 
the works of Choe (2002) and Shin and Wang (2003) that trade leads to closer 
business cycle movement in Asia. However, the present article is different to their 
works as this article is focusing on downstream suppliers in value chain trade. The 
estimated results for each individual country are reported and discussed below.

Malaysia

Long-run co-integration was found between bilateral intermediates trade and 
business cycle co-movement in the country pair of Malaysia–China and Malaysia–
Japan, using ARDL bound analysis (Table 1). This is possibly because of a long 
trading history between and Malaysia–China and Malaysia–Japan. However, both 
trade variables, trade intensity and trade linkages are not significant in the long run.

In contrast, the short-run variable of trade intensity is empirically significant  
at −3.54 in the Malaysia–China pair, while trade linkage is significant at 2.15 and 
0.935 in the Malaysia–China and Malaysia–Japan pairs, respectively. A negative 
trade intensity coefficient (–3.54) indicates that a 1% increase in bilateral 
intermediates trade reduces business cycle co-movement between Malaysia and 
China by 0.0354 in the short run. This is possibly because of the trade specialisation 
in regional value chain. Malaysia acts as the downstream supplier in regional 
value chain by importing high-tech intermediates from China to reproduce and 
specialise in that part of production stages. As a result, these two countries produce 
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Table 1. ARDL Bounds Tests and Diagnostic Checking (Malaysia).

Malaysia - China Malaysia - Japan

C −3.04 C −1.86

Short run Short run

Trade intensity −3.54** Trade intensity 0.615

Trade linkage 2.15** Trade linkage 0.935*

D2005 −0.73 D1998 6.630***

D1998 0.39 D2006 −0.035

D1982 1.35 ECM −1.123***

ECM −1.37***

Long run Long run

Trade intensity −0.07 Trade intensity 0.13

Trade linkage 0.115 Trade linkage 0.108

D2005 −0.61 D1998 9.65***

D1998 −1.46 D2006 0.318

D1982 0.39 QCORR(−1) −1.123***

QCORR(−1) −1.34

F-statistic = 11.49***
T-statistic (lagged DV) = −8.25***
F-statistic (lagged IDV) = 4.08*
N = 44
R2 = 0.698
LM(2) = 0.172 (.9)
JB = 50.17 (0)
BPG = 1.49 (0)

F-statistic = 13.52***
T-statistic (lagged DV) = −6.678***
F-statistic (lagged IDV) = 9.786***
N = 42
R2 = 0.955
LM(2) = 0.412 (.668)
JB = 7.117 (.028)
BPG = 0.571 (.889)

Source: Authors’ computation.
Notes: ***, ** and * indicate significance at the 1%, 5% and 10% levels, respectively. N is the sample 
size. LM(2) denotes the Breusch–Godfrey Lagrange multiplier test F-statistic at lag 2, and JB indicates 
Jarque–Bera F-statistic for normality test. BPG denotes Breusch–Pagan–Godfrey heteroscedasticity 
test F-statistic. DV denotes dependent variable and IDV denotes independent variable. The figures in 
parentheses indicate p-values.

different types of intermediates and, thus, business cycle co-movement reduces 
when intermediates trade increases.

Meanwhile, the variable of trade linkage represents the bilateral import of 
intermediates contained in export. For example, trade linkage in the country pair 
of Malaysia–China represents the import of intermediates from China in the 
content of Malaysia’s export and vice versus. A positive trade linkage suggests 
that a 1% increase in trade linkage will cause business cycle co-movement 
between Malaysia–China and Malaysia–Japan to increase by 0.0215 and 0.935, 
respectively. It implies a short-run business cycle co-movement as a result of 
closer value chain relationship between the two countries.
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Table 2. ARDL Bounds Tests and Diagnostic Checking (Singapore).

Singapore–China Singapore–Japan
C 0.86 C 3.89
Short run Short run
Trade intensity 0.102 Trade intensity – 2.56**
Trade linkage 0.057 Trade linkage –0.196
D1989 −1.036** D2010 –0.698
D1982 2.447 ECM –0.536***
ECCM –1.01***
Long run Long run
Trade intensity 0.108 Trade intensity –0.019
Trade linkage −0.003 Trade linkage −0.16
D1989 −0.018 D2010 −0.434
D2009 0.186 QCORR(−1) −0.566***
D1982 1.21
QCORR(−1) − 1.007***
F-statistic = 12.73***
T-statistic (lagged DV) = −5.657***
F-statistic (lagged IDV) = 4.646**
N = 42R2 = 0.928
LM(2) = 0.506 (.732)
JB = 9.039 (.011)
BPG = 0.227 (.999)

F-statistic = 7.371***
T-statistic (lagged DV) = −4.028*
F-statistic (lagged IDV) = 6.941***
N = 44R2 = 0.484
LM(2) = 0.587 (.561)
JB =12.156 (.002)
BPG = 6.47 (.0002)

Source: Authors’ computation.
Notes: ***, ** and * indicate significance at the 1%, 5% and 10% levels, respectively. N is the sample 
size. LM(2) denotes the Breusch–Godfrey Lagrange multiplier test F-statistic at lag 2, and JB indicates 
Jarque–Bera F-statistic for normality test. BPG denotes Breusch–Pagan–Godfrey heteroscedasticity 
test F-statistic. DV denotes dependent variable and IDV denotes independent variable. The figures in 
parentheses indicate p-values.

Table 3. ARDL Bounds Tests and Diagnostic Checking (Indonesia).

Indonesia–China Indonesia–Japan
C −1.988 C −4.933
Short run Short run
Trade intensity –0.148 Trade intensity 0.179
Trade linkage 0.035 Trade linkage 0.12
D1998 1.956 D1998 8.222***
D1982 1.418*** D2008 −0.601
D2005 –0.363 ECM –1.485***
ECM –1.596***
Long run Long run
Trade intensity –0.105* Trade intensity − 0.084
Trade linkage 0.029 Trade linkage 0.2312**
D2005 −0.195 D1998 15.601***
D1998 2.775*** D2008 − 0.135

(Table 3 continued)
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Indonesia–China Indonesia–Japan
C −1.988 C −4.933
D1982 1.145*** QCORR(−1) − 1.485***
QCORR(−1) 1.474***  
F-statistic = 6.698***
T-statistic (lagged DV) = −5.496**
F-statistic (lagged IDV) = 3.858*
N = 42
R2 = 0.871
LM(2) = 1.892 (.173)
JB = 1.055 (.589)
BPG = 1.549 (.159)

F-statistic = 6.595***
T-statistic (lagged DV) = −4.883**
F-statistic (lagged IDV) = 3.375
N = 42
R2 = 0.99
LM(2) = 0.613 (.555)
JB = 0.763 (.683)
BPG = 0.670 (.820)

Source: Authors’ computation.
Notes: ***, ** and * indicate significance at the 1%, 5% and 10% levels, respectively. N is the sample 
size. LM(2) denotes the Breusch–Godfrey Lagrange multiplier test F-statistic at lag 2, and JB indicates 
Jarque–Bera F-statistic for normality test. BPG denotes Breusch–Pagan–Godfrey heteroscedasticity 
test F-statistic. DV denotes dependent variable and IDV denotes independent variable. The figures in 
parentheses indicate p-values.

(Table 3 continued)

Table 4. ARDL Bounds Tests and Diagnostic Checking (Thailand).

Thailand–China Thailand–Japan
C –17.52 C –0.423
Short run Short run
Trade intensity –2.26* Trade intensity –0.170
Trade Linkage –0.945 Trade Linkage 0.214
D1982 –0.435 D1998 1.206

D2003 1.096 D2008 –0.019
ECM –0.664*** ECM –0.959***
Long run Long run
Trade intensity –2.049 Trade intensity –0.059
Trade Linkage 0.30 Trade Linkage –0.003
D2003 1.003 D2003 –0.002
D1982 –0.160 D1982 0.183
QCORR(–1) –0.680*** QCORR(–1) –0.957***
F-statistic = 5.628**
T-statistic (lagged DV) = –4.586***
F-statistic (lagged IDV) = 2.178
N = 43
R2 = 0.544
LM(2) = 0.657 (0.525)
JB = 16.33 (0.0002)
BPG = 1.745 (0.123)

F-statistic = 5.279***
T-statistic (lagged DV) = –5.10***
F-statistic (lagged IDV) = 2.10
N = 44
R2 = 0.487
LM(2) = 0.663 (0.522)
JB = 27.53 (0)
BPG = 1.74 (0.125)

Source: Authors’ computation.
Notes: ***, ** and * indicate significance at the 1%, 5% and 10% levels, respectively. N is the sample 
size. LM(2) denotes the Breusch–Godfrey Lagrange multiplier test F-statistic at lag 2, and JB indicates 
Jarque–Bera F-statistic for normality test. BPG denotes Breusch–Pagan–Godfrey heteroscedasticity 
test F-statistic. DV denotes dependent variable and IDV denotes independent variable. The figures in 
parentheses indicate p-values.
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The country pair specific control variable D2005 represents the year both 
China and Malaysia de-pegged from the US dollar, while D2006 represents the 
Free Trade Agreement and economic integration agreement between Japan and 
Malaysia entry into force in 2006. The results show that R2 in the estimated 
equations are 0.698 in the Malaysia–China equation and 0.955 in the Malaysia–
Japan equation, indicating that the estimated model tracked the data quite well. 
The diagnostic test result suggests that the equations passed the Lagrange 
multiplier test for there was no residual serial correlation up to two lags. 
Multicollinearity was found in the variable of trade linkage and control variable 
(D1982) in Malaysia–China equation (Table A.2), however the model passed the 
F-test on all coefficients on the lagged independent variables (Sam et al., 2019). 
Meanwhile, the cumulative sum (CUSUM) and CUSUM of squares diagrams in 
figure 3 suggest the stability of the models.

Singapore

As the trade centre in ASEAN, Singapore has close trade relations with both 
China and Japan. As expected, the results from table 2 prove co-integration 
between trade in value chain and business cycle co-movement in both the 
Singapore–China and Singapore–Japan models.

Figure 3. Stability Test.

Source: Authors’ illustration using estimated results.

Note: The panel on the left show CUSUM test, while the panel on the right show CUSUM of 
square result.
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However, both coefficients of trade intensity and trade linkage are not 
significant in the Singapore–China pair. This implies that trade in value chain has 
no impact on the business cycle co-movement between the two countries despite 
a long-run co-integrating relationship according to the ARDL bounds test. 
Meanwhile, the result of trade intensity is negative and significant in the short-run 
Singapore–Japan (–2.56) pair. The negative sign suggests that a greater bilateral 
import of intermediates between Singapore–Japan leads to a lower business cycle 
co-movement between the two countries. This is possibly because an increased 
imported intermediates replaces domestic intermediates, thereby reducing the 
total output of the country and vice versus. The coefficient of trade linkage is not 
significant in Singapore–Japan pair.

The country pair specific control variable D1989 represents when Singapore–
Beijing re-established diplomatic relations in 1989, while D2010 represents the 
Japan–Singapore Economic Partnership Agreement (JSEPA) in 2010. The 
empirical results also report that R2 in the Singapore–China and Singapore–Japan 
equations are 0.928 and 0.484, respectively, suggesting that the Singapore–China 
equation tracked the data quite well. The diagnostic test results suggest that the 
equations passed the Lagrange multiplier test because there was no residual serial 
correlation up to two lags. Figure 4 shows the movement of CUSUM square is 
within the critical lines suggests stable residual variance, however the movement 
of CUSUM is outside the critical line suggests coefficient instability.

Figure 4. Stability Test.

Source: Authors’ illustration using estimated results.

Note: The panel on the left shows CUSUM test, while the panel on the right shows CUSUM of 
square result.
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Indonesia

Indonesia is a resource-rich ASEAN member, the domestic value added embodied 
in foreign exports is high, while the foreign value added embedded in its export is 
low as shown in Figures 1 and 2, respectively. Possibly because of this, mixed 
results were found in ARDL bound test as shown in table 3. A co-integrating 
relationship was found in Indonesia–China, while no co-integrating relationship 
was found in Indonesia–Japan. The coefficient of trade intensity is −0.105, 
suggesting a negative impact of trade intensity on the Indonesia–China business 
cycle co-movement in the long run. The coefficient of trade linkage is 0.2312, 
suggesting a positive impact of trade linkage on the Indonesia–Japan business 
cycle co-movement. Both coefficients are empirically significant.

The control variables D2005 and D2008 were added into the model. D2005 
represents the implementation of the free trade agreement between ASEAN and 
China in goods, while the control variable D2008 represents the implementation 
of the Japan–Indonesia Economic Partnership Agreement in 2008.

The results show that the R2 in Indonesia–China and Indonesia–Japan equations 
is 0.871 and 0.99, respectively. This implies that the estimated equations 
individually track the data quite well. The diagnostic test results indicate that the 
equations passed the residual normality (Jarque–Bera), heteroscedasticity 
(Breusch–Pagan–Godfrey) and Lagrange multiplier tests, for there was no residual 
serial correlation up to two lags. The CUSUM and CUSUM of squares diagrams 
in figure 5 suggest the stability of the models.

Figure 5. Stability Test.

Source: Authors’ illustration using estimated results.

Note: The panel on the left shows CUSUM test, while the panel on the right shows CUSUM of 
square result.
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Thailand

There was no co-integration found in both Thailand–China and Thailand–Japan 
models as reported in table 4. However, the variable of trade intensity is significant. 
The negative sign implies negative impact of intermediates trade on Thailand–
China business cycle co-movement. The negative trade intensity coefficient 
(−2.26) suggests that a 1% increase in trade intensity would cause a 0.00226 
decrease in business cycle co-movement between Thailand and China in the short 
run. Meanwhile, trade linkage has no impact on business cycle co-movement. On 
the other hand, there were no significant variables found in Thailand–Japan 
model. It implies that Thailand participation in Japan-led value chain has no 
impact on these two countries’ business cycle co-movement in terms of trade 
intensity and trade linkage.

The control variable D2003 was added into the model to represent the China–
Thailand free trade agreement that came into effect in October 2003. The empirical 
results report that the R2 in Thailand–China and Thailand–Japan is 0.544 and 
0.487, respectively. The diagnostic test results suggest that the equations passed 
the heteroscedasticity test (Breusch–Pagan–Godfrey) and the Lagrange multiplier 
test, for there was no residual serial correlation up to two lags. Multicollinearity 
was found in the variable of trade linkage and the control variable (D1982) in 
Thailand–China equation (Table A.2). The diagrams of CUSUM and CUSUM of 
square in figure 6 show the stability of the models.

Figure 6. Stability Test.

Source: Authors’ illustration using estimated results.

Note: The panel on the left shows CUSUM test, while the panel on the right shows CUSUM of 
square result.
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Conclusions

The empirical finding reports long-run co-integrated relations in all models except 
Indonesia–Japan, Thailand-China and Thailand–Japan. This indicates a variation 
on how intermediates trade affects business cycle co-movement among the 
selected county pairs. Moreover, the empirical findings suggest that trade intensity 
has a negative impact on business cycle co-movement, while trade linkage has a 
positive impact on business cycle co-movement.

Generally, the empirical results suggest that the participation in the value chain 
leads to closer business cycle movement between the downstream and upstream 
suppliers. Although the bilateral trade in intermediates will not lead to business 
cycle co-movement, high content of imported intermediates in export will lead to 
it. No further insight on the benefits or disadvantages of participation in value 
chain activities can be gleaned from the results. However, it does provide insights 
on international trade policy implementation, if business cycle co-movement is 
not preferable.

Appendix

Table A1. Unit Root Test Result.

Indonesia–China

Test Results for Unit Root (Level)

Variable

ADF PP KPSS

Intercept
Intercept 
and Trend Intercept

Intercept 
and Trend Intercept

Intercept 
and Trend

(T-stat) (T-stat) (T-stat) (T-stat) (T-stat) (T-stat)

QCORR –6.28*** –7.12*** –6.29*** –7.13*** 0.31 0.11

LTITVA –2.08 –8.69*** –2.105 –1.97 0.124 0.126

LTRADE-
LINKAGE

–2.46 –8.68*** –2.45 –2.05 0.46* 0.13*

Test Results for Unit Root (First Difference)

QCORR –6.09*** –6.01*** –25.75*** –25.29*** 0.29 0.17

LTITVA –6.42*** –6.48*** –6.42*** –6.48*** 0.17 0.08

LTRADE-
LINKAGE

–5.80*** –5.99*** –5.80*** –5.99*** 0.25 0.10

(Table A1 continud)
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Indonesia–Japan

Test Results for Unit Root (Level)

Variable

ADF PP KPSS

Intercept
Intercept 
and Trend Intercept

Intercept 
and Trend Intercept

Intercept 
and Trend

(T-stat) (T-stat) (T-stat) (T-stat) (T-stat) (T-stat)

QCORR –5.79*** –5.73*** –5.79*** –5.73*** 0.099 0.08

LTITVA –5.71*** –6.28*** –5.57*** –4.59*** 0.62 0.14

LTRADE-
LINKAGE

–6.37*** –4.23*** –7.82*** –6.08*** 0.69** 0.17**

Test Results for Unit Root (First Difference)

QCORR –7.46*** –7.37*** –23.57*** –23.85*** 0.21 0.19

LTITVA –3.38** –3.81** –3.43** –3.89** 0.39 0.17

LTRADE-
LINKAGE

3.14** 3.99** –3.19** –4.12** 0.51** 0.17**

Malaysia–China

Test Results for Unit Root (Level)

Variable

ADF PP KPSS

Intercept
Intercept 
and Trend Intercept

Intercept 
and Trend Intercept

Intercept 
and Trend

(T-stat) (T-stat) (T-stat) (T-stat) (T-stat) (T-stat)

QCORR –6.19*** –7.35*** –6.29*** –7.34*** 0.55** 0.16**

LTITVA –1.88 –1.36 –1.89 –1.36 0.53 0.17

LTRADE-
LINKAGE

–1.48 –1.44 –1.48 –1.56 0.74*** 0.15**

Test Results for Unit Root (First Difference)

QCORR –3.85*** –3.68** –39.55*** –38.35*** 0.25 0.23***

LTITVA –5.61*** –5.77*** –5.60*** –5.75*** 0.224 0.06

LTRADE-
LINKAGE

–5.69*** –5.78*** –5.69*** –5.76*** 0.16 0.07

Malaysia–Japan

Test Results for Unit Root (Level)

Variable

ADF PP KPSS

Intercept
Intercept 
and Trend Intercept

Intercept 
and Trend Intercept

Intercept 
and Trend

(T-stat) (T-stat) (T-stat) (T-stat) (T-stat) (T-stat)

QCORR –6.60*** –6.54*** 6.60*** –6.54*** 0.09 0.07

LTITVA –4.26** –3.12 –5.72*** –4.74*** 0.77 0.18

LTRADE-
LINKAGE

–5.30*** –3.77** –5.76*** –2.28 0.72** 0.21**

(Table A1 continud)

(Table A1 continud)
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Malaysia–Japan

Test Results for Unit Root (Level)

Variable

ADF PP KPSS

Intercept
Intercept 
and Trend Intercept

Intercept 
and Trend Intercept

Intercept 
and Trend

Test Results for Unit Root (First Difference)

QCORR –8.02*** –7.92*** –24.13*** –23.73*** 0.19 0.19**

LTIGDP –4.85*** –5.68*** –4.83*** –5.69*** 0.52 0.11

LTRADE-
LINKAGE

-2.68* –4.33*** –2.64* –4.47*** 0.59** 0.10*

Singapore–China

Test Results for Unit Root (Level)

Variable

ADF PP KPSS

Intercept
Intercept 
and Trend Intercept

Intercept 
and Trend Intercept

Intercept 
and Trend

(T-stat) (T-stat) (T-stat) (T-stat) (T-stat) (T-stat)

QCORR –7.89*** –8.67*** –8.78*** –9.99*** 0.50 0.347

LTITVA –1.71 –1.69 –1.74 –1.69 0.17 0.17

LTRADE-
LINKAGE

–1.99 –8.25*** –1.96 –1.60 0.73 0.14*

Test Results for Unit Root (First Difference)

QCORR –5.61*** –5.55*** –25.13*** –27.65*** 0.39 0.22

LTITVA –6.42*** –6.51*** –6.42*** –6.51*** 0.18 0.06

LTRADE-
LINKAGE

–5.55*** –5.77*** –5.55*** –5.75*** 0.25 0.07

Singapore–Japan

Test Results for Unit Root (Level)

Variable

ADF PP KPSS

Intercept
Intercept 
and Trend Intercept

Intercept 
and Trend Intercept

Intercept 
and Trend

(T-stat) (T-stat) (T-stat) (T-stat) (T-stat) (T-stat)

QCORR –5.07*** –4.98*** –5.09*** –4.99*** 0.12 0.06

LTITVA –5.62*** –5.05*** –5.91*** –3.82** 0.72** 0.17*

LTRADE-
LINKAGE

–3.82*** –2.64 –3.96*** –2.79 0.43* 0.18*

Test Results for Unit Root (First Difference)

QCORR –7.98*** –7.87*** –17.23*** –16.61*** 0.29 0.17

LTITVA –3.49** –4.38*** –3.45** –4.50*** 0.50** 0.14*

LTRADE-
LINKAGE

–7.03*** –5.77*** –5.12*** –5.84*** 0.55** 0.17**

(Table A1 continud)

(Table A1 continud)
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Thailand–China

Test Results for Unit Root (Level)

Variable

ADF PP KPSS

Intercept
Intercept 
and Trend Intercept

Intercept 
and Trend Intercept

Intercept 
and Trend

(T-stat) (T-stat) (T-stat) (T-stat) (T-stat) (T-stat)

QCORR –4.99*** –4.91*** –6.71*** –6.52*** 0.12 0.09

LTITVA –1.77 –1.35 –1.77 –1.35 0.63** 0.16**

LTRADE-
LINKAGE

–1.53 –9.33*** –1.53 –1.67 0.72** 0.13*

Test Results for unit Root (First Difference)

QCORR –6.88*** –6.88*** –20.69** 22.89*** 0.50** 0.44***

LTITVA –5.49*** –5.63*** –5.49*** –5.58*** 0.23 0.06

LTRADE-
LINKAGE

–5.85*** –5.89*** –5.85*** –5.87*** 0.15 0.058

Thailand–Japan

Test Results for Unit Root (Level)

Variable

ADF PP KPSS

Intercept
Intercept 
and Trend Intercept

Intercept 
and Trend Intercept

Intercept 
and Trend

(T-stat) (T-stat) (T-stat) (T-stat) (T-stat) (T-stat)

QCORR –5.12*** –5.08*** –5.01*** –4.95*** 0.12 0.04

LTITVA –4.13*** –3.81** –4.69*** –4.22*** 0.74*** 0.17**

LTRADELINK-
AGE

–7.37*** –3.65** –7.28*** –3.61** 0.721** 0.21***

Test Results for Unit Root (First Difference)

QCORR –9.00*** –8.91*** –6.25*** –6.18*** 0.25 0.13*

LTITVA –4.32*** –4.88*** –4.32*** –4.91*** 0.41* 0.16**

LTRADELINK-
AGE

–2.91* –4.25*** –2.85* –4.33*** 0.59** 0.15**

Source: Author’s computation.

Notes: *, ** and *** denote the statistical significance at 1%, 5% and 10%, respectively. H0:  
The variable has a unit root with a structural break both in the intercept or trend. Noted that 
probability values are calculated from a standard t-distribution and do not take into account the 
breakpoint selection process. QCORR represents business cycle co-movement, LTITVA represents 
trade intensity and LTRADELINKAGE represents trade linkage. ADF = augmented Dickey Fuller;  
PP = Phillips–Perron; KPSS = Kwiatkowski–Phillips–Schmidt–Shin.

(Table A1 continud)
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Table A2. Variance Inflation Factors

Variable Uncentered VIF Variable Uncentered VIF

Malaysia-China Malaysia-Japan

LTITVA 5.447629 LTITVA 7.009255

LTRADELINKAGE 37.15447 LTRADELINKAGE 8.568316

D2005 1.997183 D1998 1.046396

D1998 1.047945 D2006 1.594471

D1982 19.48489

Singapore - China Singapore - Japan

LTITVA 4.55322 LTITVA 7.483212

LTRADELINKAGE 8.185797 LTRADELINKAGE 8.021359

D1989 4.058881 D2010 1.21335

D2009 1.040882

D1982 1.097939

Indonesia - China Indonesia - Japan

LTITVA 1.744965 LTITVA 7.866582

LTRADELINKAGE 8.97688 LTRADELINKAGE 9.034259

D2005 1.538962 D2008 1.41947

D1998 1.054689 D1998 1.03541

D1982 8.025497

Thailand - China Thailand - Japan

LTITVA 6.762898 LTITVA 8.787183

LTRADELINKAGE 38.10235 LTRADELINKAGE 8.83568

D2003 2.338176 D1998 1.026069

D1982 17.18843
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Notes

1.	 Trade intensity represents trade flow between countries and their importance in world 
trade (Asia Regional Integration Center, n.d.).

2.	 Trade in value chain is not emphasised on the sequential link in production stages, 
but is assumed that intermediates are from different industries, whether domestic or 
abroad.
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