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ABSTRACT
The well-functioning domestic institutions are very important for
the global value chains to have its positive impact on environ-
ment. This article provides an empirical assessment of the impact
of domestic institutional arrangements along the way to partici-
pate in global value chains on environmental performance index
for sustainability goals for 41 Asian countries over 2001–2018
period. Most recent empirical studies assumes that causality runs
to environmental measures through trade and governance but
inverse relationship is also feasible and none of the previous stud-
ies have discussed about it. Using instrumental variable strategy
to closing these gaps, we analyse the mechanism of direct and
indirect impact of participation in global value chains on environ-
mental performance index. Our results show that environmental
performance index is negatively affected by participation in global
value chains and this relationship overturns when participation in
global value chains is accompanied by governance facilitation.
Further, the findings suggest that governance-augmented partici-
pation in global value chains is a tool of environmental
sustainability.
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1. Introduction

Since last two decades, Asian economies become the centre of gravity by converting
from one of the world’s poorest regions to its centre of economic gravity. Almost all
Asian economies are now at least middle-income, yet they are also among the most
heavily affected by natural hazards that become disasters and the most exposed to the
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consequences of climate change. In particular, when production sharing or business
activities across the borders become popular in today’s global economy, it is much
needed to discuss about the environmental consequences of participation in global
value chains. Although advanced and developing countries alike are exposed to vari-
ous types of environmental risk, the consequences tend to be more severe in develop-
ing countries, where it affect the long run development (Oosterhof, 2018). A recent
report published by United Nations’ Sustainable Development Goals emphasizes the
impact of GVCs on environment by arguing that global supply chain has an import-
ant role in pressing environmental stresses and social struggle.

The long term sustained development of Asian countries is on risk due to climatic
change and environmental degradation. The roots of these environmental fluctuations
do not happen in isolation, but linked to the fast economic activities. So for widely
understanding the reasons of environmental changes, it requires multidimensional
understanding. The carbon emission is increasing in line with GVCs participation in
the Asia-Pacific region (Assamoi et al., 2020; Wu et al., 2020). There is another group
of researchers who agree that renewable energy provides a solution to stimulate CO2

emission reduction. A widespread use of renewable energy resources and advance-
ment of energy technologies are advantageous to decreasing CO2 emission (Gosens &
Lu, 2013; Rafindadi & Ozturk, 2017). At the same time, it is argued that integration
into GVCs ladder plays an important role in assessing and enhancing innovation abil-
ities to develop an eco-technology and use of renewable energy resources (Matsuo &
Schmidt, 2019). To address the environmental issues due to integration in GVCs of
the Asia-Pacific has become a critical challenge in research, policy and practice.

For a sustainable global supply chain, it requires the countries to understand the
missing factor that make the environment sustainable. Recently, the importance of
institutions has been emphasized within the third dimension of sustainable develop-
ment goals (SDG) regarding environmental sustainability and economic actors in any
economy, e.g., industries and consumers—the supply and the demand regulate their
behavior according to institutional requirements. Economically sustained economies
are dependent on quality of the institution, the level of democracy and good govern-
ance are what make a country. Well-functioning domestic institutional arrangements
can reduce the gap between environmental policies formulation and its implementa-
tion and also stability among environment and value chain activities. Instead, there is
a growing attention to the importance of governance to manage the wide range of
environmental challenges and impacts under growing global supply chain activities.

The contribution of this article to address the question that how the quality of cur-
rent domestic institutions of the Asia-Pacific countries are effective in positively enhanc-
ing the relationship between GVCs participation and EPI. We will see the direct impact
while interacting with participation in GVCs and indirect impact of governance for EPI
by SYS-GMM while controlling for the endogeneity in an isolated way. For further
understanding and robustness of the results, we will see the impact of the individual
dimensions of governance to modify the role of participation in GVCs for EPI.

The article is structured as follows: Section 2 presents the brief literature review,
Section 3 discusses data and methodology used, Section 4 presents the results inter-
pretation and section 5 contains conclusion.
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2. Literature review

A very few studies are available for the support of relationship between participation in
GVCs and environment and also to back the role of institutions to modify its impact
for environment. Dispersion of business activities across the borders and the natural
environment are viewed as both conflicting and cooperative concepts. Previous research-
ers have doubts about this smooth relationship. They looked for the other related forces
that bring the balance among the sustainable global supply chains of intermediate factors
and environment. This section reviews the literature that has examined the relationship
among institutions, participation in GVCs and environment.

Participation in global value chains has variety of impacts on environment. Wu
et al. (2020) concluded that GVCs policies lead to environmental damage in Asia-
Pacific region. It is argued that policies aimed to protect environment from negative
externalities of production sharing firms causes an increase participation in value
chain activities through industrial innovations leads to environmental degradation.
Davis and Caldeira (2010) stated that accounting of CO2 emissions under production
sharing activities demonstrates the potential of international trading of CO2 emis-
sions. Besides, Meng et al. (2015) and Spaiser et al. (2019) considered that participa-
tion of developing countries in GVCs exported a large amount of final products in
early stages of value-added activities produce a large amount of CO2 emissions and
make them bear the degradation of their natural environment.

However, not all the impacts of participation in GVCs are equally harmful for
environmental protection. Chiou et al. (2011) argued that a close working relationship
among supply chain partners promotes environmental friendly production innova-
tions creating a better quality product advantage over rival firms across the borders.
Khattak et al. (2017) concluded that a regular interaction among production sharing
firms creates a knowledge spill over for innovated output resulting in environmental
up gradation. Pathikonda and Farole (2017) examined the impact of GVCs on envir-
onment and claimed that GVCs have changed the nature of international trade and
offer opportunities for countries to raise productivity, access new production technol-
ogies and expand their exports without hurting their environment.

Then, researchers tried to make a link between environment and the different
characteristics of institutions and end up with diverse results. Al-Mulali and Ozturk
(2015) stated that political stability lessens environmental degradation in the long-run
while other factors such as industrial development, trade openness and urbanization
have negative impact on environment. There is a general perception that traditional
energy utilization leads toward environmental cost in developing countries. To link
the quality of institutions and energy consumption, Godil et al. (2021) argued that an
improvement in institutional quality in likely to decrease in energy consumption.

The importance of institutions for environmental maintenance has been growing
with a positive outcome. Mavragani et al. (2016) also concluded with a positive rela-
tionship between country’s economic growth, strong governance and environmental
performance index. But they consider the linear indirect relationship of governance
with EPI. Cheng et al. (2021) measured the effect of environmental governance as
proxy for environmental expenditure as a part of GDP expenditure and made a com-
parison between European and Asian countries. They conclude that the government
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should spend more on environmental related expenditures and must improve govern-
ance for sustainable growth of Asia. As governance is the important factor for making
the other actors of sustainability interlinked, many researchers tried to measure its
effect in different way. It is stipulated by many studies that the quality of domestic
institutional arrangements is pivotal for protecting environment and sustainable busi-
ness activities across the countries (Abid, 2017; Wang et al., 2021; Xu et al., 2019).
Likewise the study of Nguyen and Su (2021) associated the quality of institutions
with environmental sustainability and concluded that regulatory quality, control of
corruption, government effectiveness and rule of law are found to be supportive
environmental sustainability.

3. Aggregate correlational relationship among variables

The value chain activities of the selected countries expanded relatively fast from 1995
to 2018, except 2008–2009 global financial crises followed by slow-down with a
speedy recovery after the crises. We attempt to trace out the moderators of those glo-
bal supply chain activities across the borders that could have damaging arrangements
during this period. The trend of correlation of each factor which could have impact
on EPI is reported in Figures 1–6 and most of the patterns are noteworthy here. In
fact, the previous theoretical literature suggests that the positive/negative correlations
between our possible variables and EPI could arise for several reasons, including pol-
icy and non-policy measures for participation in GVCs impacts on environment.
However, to discuss the correlational trends is not in the scope of our study but we
find some interesting facts behind these aggregate correlational and linear and non-
linear relationships among the variables.

In Figure 1, the aggregate relationship between participation in GVCs and environ-
mental performance index (EPI) is presented for a cross section of 41 countries. The
aggregate relationship suggests a negative relationship between GVCs and EPI since

Figure 1. GVCs Participation Index and EPI across countries. Constant ¼ 0.671, Coef ¼ –0.0622, t-
stat ¼ 4.21, p-value ¼ .000, R2¼ 0.41, N¼ 738.
Source: Author’s own creation.
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countries with higher level of participation in GVCs have a negative significant impact
on their environmental performance. In particular, each additional percentage point
increase in GVCs is associated with �0.06 percentage point degradation in their environ-
ment. This estimated result is statistically significant at 1% level, whereas the level partici-
pation explains about 41% of cross-country variance of their environmental performance.

In Figure 2, the aggregate relationship between governance and EPI score is pre-
sented for a cross-section of 41 countries. The results showing a positive aggregate
relationship between governance and EPI. We can say that each additional change in
governance quality would increase by 0.29 points increase in EPI. The point estimate

Figure 2. Governance index and EPI across countries. Constant ¼ 0.612, Coef ¼ 0.2901, t-stat ¼
4.87, p-value ¼ .000, R2¼ 0.57, N¼ 738.
Source: Author’s own creation.

Figure 3. Interaction between Governance and GVCs Participation Index and EPI across countries.
Constant ¼ 0.377, Coef ¼ 0.0730, t-stat ¼ 2.88, p-value ¼ .049, R2¼ 0.73, N¼ 738.
Source: Author’s own creation.
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is statistically significant at 1% and financial development explains 57% cross-country
variance in environmental performance.

In Figure 3, a graph is plotted between EPI and an interaction of governance index
and GDP per capita to provide preliminary analysis of direct impact of governance
on EPI through GDP across countries under analysis. The estimated results confirm a
robust link each additional unit of interaction term is associated with 0.07 percentage
points in EPI. The relationship is statistically significant at 5% and this direct rela-
tionship is tending to explain 73% variance in cross-country EPI.

In Figure 4, the aggregate relationship between human capital and environmental per-
formance index is presented for a cross section of 41 countries. The aggregate

Figure 4. Human Capital and EPI across countries. Constant ¼ 0.271, Coef ¼ 0.1019, t-stat ¼ 9.62,
p-value ¼ .000, R2¼ 0.14, N¼ 738.
Source: Author’s own creation.

Figure 5. Environmental Patents and EPI across countries. Constant ¼ 0.320, Coef ¼ 0.1393, t-stat
¼ 3.62, p-value ¼ .004, R2¼ 0.38, N¼ 738.
Source: Author’s own creation.
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relationship suggests a positive relationship between human capital and EPI since coun-
tries with higher human development could enjoy a significant environmental perform-
ance. In particular, each additional percentage point increase in HC is associated with
0.10 points increase in EPI. This estimated point is statistically significant at 1% level,
whereas the level of Human capital explains about 14% of cross-country variance of EPI.

In Figure 5, environmental technology (patents) is plotted against EPI to provide
preliminary analysis of EPI and Impact of high technology research across countries
under analysis. Each additional unit of environmental technology research associated
with 0.13 percentage points increase in EPI. The relationship is statistically significant
at 1% and high technology exports tend to explain 38% variance in cross-country
environmental performance.

In Figure 6, the aggregate relationship between trade openness and EPI is pre-
sented. From these results, we cannot infer any significant relationship between these
two variables at this stage.

After analysing the patterns of aggregate relationship in Figures 1–6, we consider
these variables as possible factors in emerging countries of Asia over the last two dec-
ades. A number of recent studies have examined the possible factors that could be
the reason of climatic changes and environmental destructions. However, none of
these papers suggested these policy and non-policy variables as the factors to affect
the EPI while controlling for the problem of endogeneity for Asian countries.

4. Variables description and econometric methodology

4.1. Data and variables description

To meet the objectives of our study, we set a theoretical model where environmental
performance index is our dependent variable and governance, GVCs participation,

Figure 6. Tradeopenness and EPI across countries. Constant ¼ 0.444, Coef ¼ –0.0834, t-stat ¼
1.09, p-value ¼ .785, R2¼ 0.43, N¼ 738.
Source: Author’s own creation.
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human capital development, environmental patents and trade openness are our inde-
pendent variables. The explanation and data sources of the above mentioned variables
are given below. Complete data description and variables construction has been pro-
vided in appendix Table A1.

4.1.1. Environmental performance index
EPI is calculated by the Yale Centre for Environmental Law and Policy (YCELP), and
it measures the environmental performance of 178 countries. It measures “a country’s
distance to target” and is calculated by two main indicators: Environmental Health
with 30% weightage and Ecosystem Vitality (70%). EPI is a positive indicator and
higher the value of index the better the country’s environmental performance. It’s
quite popular in measuring environmental degradation because it is the most com-
plete and appropriate indicator for the overall measurement of environmental
performance.

4.1.2. Governance
For measuring the governance behaviour, we are using the composite index which we
called WGI. Its consist of six indicators of governance covering over 200 countries
and that are Voice and Accountability, Political Stability and Absence of Violence/
Terrorism, Government Effectiveness, Regulatory Quality, Rule of Law and Control
of Corruption. These indicators are based on different data sources, capturing govern-
ance perceptions as described by survey respondents, nongovernmental organizations,
commercial business information providers and public sector organizations world-
wide. Data has been taken from World Bank data base (2017).

4.1.3. GVCs participation index
As there is no direct statistical data for all the countries, so for measuring GVCs par-
ticipation index we follow Koopman et al. (2010) and the relevant data was obtained
by following formula:

GVCs Participationit ¼
DVAit

EXPit
þ FVAit

EXPit

where DVXit is domestic value added and FVAit is foreign value added in country i
at time t. DVX identify the share of domestic sector to the exports of other countries
and is considered as a measure of forward participation. FVA identify the share of
country’s exports with intermediate inputs produced in other countries and is consid-
ered as a measure of backward participation. The forward GVCs participation and
backward GVCs participation gives us a comprehensive GVCs participation index of
a particular country and EXPit is gross exports.

4.1.4. Human capital development
We control for the human capital development as this variable is very important and
has an effect on environmental sustainability as argued by Shahabadi (2017). As the
people with more education are additional conscious of and concerned about envir-
onmental issues so they tend to engage in actions that approve and support political

ECONOMIC RESEARCH-EKONOMSKA ISTRAŽIVANJA 523



decisions that protect the environment. So this article includes the Average Years of
Schooling and the Average Return to Schooling in this index for our research purpose
from the Penn world database (2017).

4.1.5. Environmental patents
Technological progress is an important factor that has the capacity for a sustainable environ-
ment. Policy maker consider innovations as important factor to be consider for climate
change policy and regarded as a solution to overcome the problems of environment due to
GVCs participation (Bretschger, 2015). So we have used the data of Total Patents Registered
for Technology and Innovation Related to Environment) OECD database (2018).

4.1.6. Trade openness
This study considers the sum of export and import of goods and services measured
as a share of GDP as a measure of trade openness. Many studies suggest a relation-
ship between trade openness and environmental quality and results are quite diverse.
Studies like Le et al. (2016) stated that the impact of trade openness on the environ-
ment differs according to the income level of countries.

All the variables in this article were taken in log form to avoid heteroscedasticity
and increase the consistency and reliability of the results.

4.2. Econometric methodology

Based upon the variables selected to test the proposed hypotheses, we defined the fol-
lowing Model (1) in which the environmental performance index is a function of the
socioeconomic and institutional factors of a country. The purpose is to predict the
impact of our explanatory variables, on a country’s environmental performance
according to the environmental performance index.

Environmental Performance Index ¼ f (human capital, trade openness, environ-
mental patents, participation in GVCs, governance index)(1)

Model (1) can be estimated empirically with Equations (2) and (3):

EPIit ¼ aþ bZit þ bGVCsit þ cGOVit þ eit (2)

EPIit ¼ aþ bZit þ bGVCsit þ cGOVit þ dGOVit � GVCsit þ eit (3)

where EPI is the environmental performance index; GVCsit is GVCs participation
index; Zit is vector of our control variables; GOVit is the world governance index,
represented and made by Kaufman et al. (2008) for the World Bank; GOV2

it quadratic
term for governance quality; GOVit � GVCsit is the interaction term between GVCs
participation and governance; eit is the error term

The first step is to apply the principal component analysis (PCA) in order to com-
pose the six governance indicators as done by Dragos et al. (2017) to obtain the over-
all governance score, as WGI variable. Our method of PCA will be authenticated by
few post and pre-estimation tests, such as the KMO value and the Bartlett’s test of
spharicity and the Cronbach’s Alpha coefficient. The WGI will be computed by for-
mula used by Dragos et al. (2017), e.g., w ¼ R6

i¼1aixi where ai, the coefficient is
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obtained through the principal component analysis and xi is each of the six govern-
ance indicators. Second step is to analyze empirically the effect of governance and
participation in GVCs on environmental performance.

To analyze empirically the effect of governance and participation in GVCs on envir-
onmental performance and income distribution in our panel dataset poses some econo-
metric issues that can be illustrated in the context of a simple dynamic equation:

Eit � Eit�1 ¼ aEit�1 þ ;0Kit þ c0Zit þ li þ i þ eit (4)

DEit ¼ aEit�1 þ b0Xit þ lt þ i þ eit (5)

Here, K is a set of controlled variables and Z is a vector of our explanatory varia-
bles. The terms lt and i are, respectively, denote an unobserved common factor
affecting all countries, and a country effect capturing unobserved country characteris-
tics. The second equality follows from defining Xit ¼ ðK 0

it ,Z0
itÞ0 and b ¼ ð;0, c0Þ0

For the above equations, E denotes environmental performance index (EPI). The
Equation (5), is a simplified version of the above expression with a ¼ �1, so that the
lagged dependent variable drops out from both sides.

Our Equation (5) estimation has potential problem of endogeneity of the regres-
sors and it affects both the standard determinants of growth in K (e.g., variables such
as human capital, environmental patents etc.) as well as the governance and GVCs
measures in Z, since it can be argued that these are jointly determined with the rest
of the economy’s endogenous variables. In the above equation, the lagged dependent
variable Eit is also endogenous due to the country-specific effect issues.

For dealing with endogeneity, we need suitable instruments. However, apart from the
terms of urbanization rate, FDI and population growth which we shall assume strictly
exogenous, there are no exogenous variables at hand to build them, that is why we shall
depend on internal instruments, as done by Arellano and Bond (1991). For internal
instruments we will take the lags of the variables. In principle, however, note that the
presence of unobserved country characteristics likely means that E XiȠib c 6¼ 0, and hence,
lagged levels of the regressors are not valid instruments for Equation (5) Therefore, we
first eliminate the country specific effect by taking first-differences of Equation (5):

Eit � Eit�1 ¼ ð1þ aÞðEit�1 � Eit�2Þ þ b0ðXit � Xit�1Þ þ ðeit � eit�1Þ (6)

Assuming that the e, time-varying disturbance is not serially correlated, secondly the
explanatory variables Xit are weak exogenous (i.e., they are uncorrelated with future real-
izations of the time-varying error term), our valid instruments are lagged values of the
endogenous and exogenous variables. In equation form we can assume as:

E Xi, t�s:ðei, t � ei, t�1Þ½ � ¼ 0 for s � 2; t ¼ 3, . . . . . . ,T (7)

E Ei, t�s: ei, t � ei, t�1Þ ¼ 0 for s � 2; t ¼ 3, . . . . . . ,T
��

(8)
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These equations are defining the GMM-difference estimator conditions. But there
are potential issues that when explanatory variables are determined over time, their
lagged levels are weak instruments for the regression equation in differences (Alonso-
Borrego & Arellano, 1996; Blundell & Bond, 1998). Then, due to the asymptotic vari-
ance of the estimator, small-sample biasness created.

To deal with these problems, now we will use a system estimator that combines
both the regression in differences and in levels (Arellano & Bover, 1995; Blundell &
Bond, 1998). The instruments for the regression in differences are the same as above.
For the regression in levels its instruments are the lagged differences of the corre-
sponding variables. These are better instruments under the additional assumption of
no correlation between the differences of these variables and the country-specific
effect. So our assumption

E Ei, tþp:i½ � ¼ E Ei, tþq:Ƞi

� �
and (9)

E Xi, tþp:i½ � ¼ E Ei, tþq:i½ � for all p and q (10)

This leads to additional moment conditions for the regression in levels:

E Ei, t�1 � Ei, t�2ð Þ: i þ ei, tð Þ� � ¼ 0 (11)

E Xi, t�1 � Xi, t�2ð Þ:ði � ei, tÞ
� � ¼ 0 (12)

Using the moment conditions in Equations (9)–(12), we use a Generalized Method
of Moments (GMM) method to get consistent estimates of the parameters of interest
and their asymptotic variance-covariance (Arellano & Bond, 1991; Arellano & Bover,
1995). These are given by the following formulas:

h ¼ ðX 0WX̂
�1

XÞ�1X
0
WX�1Wy (13)

AVAR ĥð Þ ¼ ðX 0WX̂
�1

XÞ�1 (14)

where h is the vector of parameters of interest (a, b), E is the dependent variable
filled first in differences and then in levels, X is the explanatory-variable matrix
including the lagged dependent variableðEt�1,XÞ, stacked first in differences, and
then, in levels, W is the matrix of instruments derived from the moment conditions
and X̂ is a consistent estimate of the variance-covariance matrix of the
moment conditions.

The consistency of the GMM estimators is validated by above moment condition.
For over-identifying restrictions, we will use the test called Hansen test that examines
the null hypothesis that the error term eit serially uncorrelated. In the system specifi-
cation, we test whether the differenced error term (the residual of the regression in
differences) shows second-order serial correlation. First-order serial correlation of the
differenced error term is expected even if the original error term (in levels) is uncor-
related, until something unexpected happen. Second-order serial correlation of the
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differenced residual shows that the error term is serially correlated and monitors a
dynamic average process at least of orders one. This will show that our projected
instruments invalid (and would call for higher-order lags to be used as instruments).
So far we have limited our regression to internal instruments. But for further check-
ing that our results are correct and we are using proper instrument, we also test our
equation with a set of external instruments (FDI, urbanization growth and population
growth rate). Thus, in some regressions below, we drop all lags of the explanatory
variables and substitute them with current and lagged values of these exter-
nal variables.

After getting final reliable regression technique, from Equation (5) we tried to
measure the linear relationship among governance, participation in GVCs and EPI.
To add additional complexity to our model, we will run nonlinear regression as (dir-
ect relation) on our model by adding quadratic term to check the effect of govern-
ance level on improvement of environment of region. Then further for indirect effect
of governance we will add the interaction term of governance and participation in
GVCs indexes in order to enhance the capability of our controlled and explanatory
variables to augment EPI.

5. Empirical results

For getting a composite index which is WGI we are applying the principal compo-
nent analysis to construct such an overall governance index. By this way, we would
be able to use the effect of all the dimensions of domestic institutions collectively.
The results of our pre-estimation tests approve our data for principal component ana-
lysis. We obtained a value for the KMO of 0.8 � 0.5, while the probability returned
by the Bartlett’s test is 0.000 as KMO values between 0.8 and 1 indicate the sampling
is adequate and for Bartlett test the significance should be less than 0.05, our value
0.000 showing that correlation between components are zero. The analysis gives us a
single component by combining the six factors, allowing us to reach the main goal of
the study. This component explains about 80% of the variance. The WGI scores were
computed based on the following equation:

WGI ¼ 0:143 � Voice and accountability þ 0:192 � Political stability þ 0:224

� Government effectivenessþ 0:212 � Regulatory quality þ 0:195

� Rule of law þ 0:230 � Control of corruption:

For our post-estimation test, we computed the Cronbach’s Alpha coefficient to
account for the reliability of results. We obtained a value of 0.83 � 0.7 (the reliability
benchmark). Due to the fact that the principal component analysis gave a statistically
significant index, we continued with model estimation to account for the influence of
this index upon the environment performance index.

As noted, our strategy involves estimation of a governance-augmented environ-
mental regression. Following Nadeem et al. (2021), we use explanatory variables that
include the GVCs participation and governance among the others. For our empirical
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experiments, we use unbalanced panel dataset for 2001 to 2018 period, with a total
number of observations exceeding 730.

From Table 1, facts are revealing that there is wide dispersion in most of the varia-
bles used in the research: in GVCs participation index from 32.6885 to 81.2316 and
environmental patents are also showing wide variations in values. On average, envir-
onmental performance index is 55.28, with a minimum value of 25.32 and a max-
imum value of 89.34.

Before discussing the regression results, it is worth noting that the correlation between
EPI and our explanatory variables are quite positive as shown by Table 2 results.

Table 3 describes the regression results obtained with our main model augmented
by governance and participation in GVCs, using different estimation techniques. As
simple pooled OLS estimators ignore both unobserved country specific and endogene-
ity problems of the regression so in column (1), we controlled for these issues. Using
the country and time-fixed effect techniques, the signs of the coefficients of environ-
mental performance determinants are positive as expected. This suggests that there is
a positive relationship between variables. However, this regression’s diagnostic statis-
tics show presence of considerable evidence of auto-correlation of the residuals that is
the value of our second order correlation is 0.034. In column (2), we applied the
time-effects. In column (3), we deliberated this subject by the difference GMM-IV
estimator, with the lagged level of the explanatory variables as internal instruments.
Slightly superior results are achieved with difference GMM estimator and coefficient
of governance is still positive and significant. The coefficient of participation in
GVCs is negative but significant. Both over identifying restrictions (Hansen test) and
second order correlation (AR-2) tests are upgraded. But for the further enhancement
of the results and dealing with the endogeneity problem, in column (4) and (5) we
use the different methods of system GMM-IV. In column (4), we implemented the
technique with only internal instrument (lagged levels and lagged difference of the
explanatory variables). In column (5), we replaced the lagged values of explanatory
variables with external instruments (lagged level of FDI). The latter technique should

Table 2. Correlation matrix.
Variables 1 2 3 4 5 6

EPI 1.0000
Human capital 0.3825 1.0000
Environmental patents 0.2992 0.3852 1.0000
Trade openness 0.1330 .3837 0.2437 1.0000
Governance 0.0527 0.1064 0.2812 –0.1199 1.0000
GVCs participation index 0.3265 0.4214 0.7176 0.3305 0.3476 1.0000

Source: Author’s own calculations.

Table 1. Descriptive analysis.
EPI Human capital Environmental patents Trade openness Governance GVCs participation index

Mean 55.26 2.37 6875.643 88.5599 –0.0341 39.1176
Std. Dev. 12.53 0.65 2030.58 60.3599 1 18.3411
Min 25.32 1.22 0 0.16741 –1.7483 32.6885
Max 89.34 3.97 146789.8 441.6038 2.6086 81.2316
Obs. 738 738 738 738 738 738

Source: Author’s own calculations. In this table, the variables are at linear form.
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be helpful in dealing with the endogeneity issues. Results of the AR(2) and Hansen
test in the column (5) confirm that this technique is a good choice for dealing with
endogeneity issues with significance of the coefficients of our concern.

As system GMM-IV is our reliable method of showing the relationship among the
variables of sustainability. The coefficients of governance, participation in GVCs,
GOV�2 and all our controlled variables in column (5) are significant and showing
that these variables are significantly affecting our dependent variables and the coeffi-
cients of human capital and environmental patents and trade openness are improved
significantly. This result show that one percent increase in participation in GVCs
would bring 0.10 unit decrease in the EPI and this negative relationship is supported
by theory of negative relationship between participation in GVCs and environment
proposed by Wu et al. (2020). The coefficient for our main variable is quite support-
ive and showing that one unit increase in governance would improve the EPI of the
region by 0.16 percent point. This estimated coefficient of governance in our selected
Asian countries has the highest coefficient among other variables in affecting the EPI.

As GMM is our reliable method to correlates linearly our explanatory variables
with EPI. In order to understand the nonlinearity in the relationship, the higher order
terms of governance are also incorporated in the model and the significance of this
term in column (4) and (5) confirms the presence of non-linearity in the relationship.

Table 3. Environmental sustainability, GVCs Participation and Governance: panel regression ana-
lysis using different estimation techniques.

Variables/Method
Country-effects

(1)
Time-effects

(2)

GMM
(Diff)
(3)

GMM (SYS)
with internal
instruments

(4)

GMM (SYS)
with external
instruments

(5)

L1.EPI – – 0.7435���
(0.191)

0.4990���
(0.122)

0.9762���
(0.171)

Human capital 0.1112��
(0.055)

0.1342���
(0.045)

0.0478�
(0.030)

0.0993�
(0.067)

0.1539��
(0.087)

Environmental Patents 0.0190
(0.008)

0.0281�
(0.011)

0.1502���
(0.027)

0.0288
(0.034)

0.0566��
(0.0185)

Trade Openness –0.0015��
(0.000)

0.0132
(0.013)

0.0244�
(0.015)

–0.0108
(0.009)

0.1423��
(0.058)

GVCs Participation Index 0.0074
(0.026)

0.1043��
(0.037)

–0.3109��
(0.119)

–0.0459���
(0.011)

�0.1036���
(0.026)

Governance Index –0.0545�
(0.025)

–0.1232���
(0.034)

0.1000���
(0.018)

0.2120���
(0.059)

0.1604���
(0.018)

Governance�GVCs
Participation Index

0.7458�
(0.299)

0.1523�
(0.089)

–0.1288��
(0.059)

–0.1439�
(0.081)

0.2310���

(0.057)
Observation 738 738 639 687 687
R2 0.131 0.178 – – –
Specification test
Hansen test

(p-value)
.117 .159 .236

Second-order
correlation AR(2)

0.096 0.123 0.597

Dependent variables: EPI (environmental performance index).
Sample of 41 countries, 2001–2018.
Source: Author’s own calculations. Numbers in parenthesis are standard errors. � (��) implies that the variable is sig-
nificant at the 10%, 5% and 1% level. The GMM-IV System estimations used in columns [3] and [4] differ in the set
of instruments used. In column [3], only internal instruments (lagged levels and lagged differences of all the
explanatory variables in the regression. For column (5) and (6), external instrument is quality of infrastructure consid-
ering governance as our endogenous variables. All variables are taken at their first difference.
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It can be observed from the results of column (5), the quadratic (GOV\2) term
of governance in the model improving the EPI positively. So from this nonlinear
regression analysis, the results are presenting the picture that if we improve the qual-
ity of current governance, then it has significant and improved impact on environ-
mental performance along with other factors of sustainability. So from this further
improvement in the quality of governance in the region, Asian countries are still hav-
ing space to improve their governance quality. The coefficient of the governance is
still larger in its influence on environment as compared to other variables. It is show-
ing the significance of governance in attaining the healthy environment.

We also established the direct effect of governance on EPI by incorporating inter-
action term in the model. In column (6), by keeping other variables constant we
interacts the governance with the participation in GVCs and estimation results of the
interaction term of GVCs and governance is significantly positive. It is demonstrating
that the interaction of governance modifies the GVCs impact for EPI by 0.23 percent-
age point positively. After interacting governance with GVCs, its impact on environ-
ment has become positive and coefficient has also improved. So it is supporting our
hypothesis that the direct interaction of governance with participation in GVCs
would be beneficial for environmental sustainability.

In Table 4, the relationship between GVCs participation while interacting with the
components of governance and EPI has been considered. As in Table 3, the results
are showing that GVCs participation of the selected countries is negatively impacting
the environmental performance of Asian region but the results with a different

Table 4. Participation in GVCs, individual dimensions of governance and environmental sustain-
ability: panel regression with baseline specification using GMM SYSTEM.
Variable 1 2 3 4 5 6

L.LGDP 0.957
(0.008)

0.9222���
(0.008)

0.9393
(0.014)

0.9366���
(0.007)

0.9130��
(0.615)

0.9485 ��
(0.008)

Human capital 0.0066
(0.048)

0.0527
(0.049)

0.0320 (0.052) 0.1242��
(0.045)

–0.1363��
(0.064)

–0.0460
(0.038)

Environmental patents –0.0056
(0.006)

–0.0133
(0.040)

0.0212���
(0.007)

–0.0082
(0.007)

0.0001
(0.008)

0.0006
(0.008)

Trade openness 0.0106
(0.004)

0.0326��
(0.012)

–0.0655��
(0.022)

0.0066
(0.048)

–0.0132
(0.021)

–0.0439���
(0.015)

V&A�GVCs participation –0.0040
(0.003)

PS�GVCs participation 0.0184��
(0.002)

GE�GVCs participation –0.0505��
(0.007)

RQ�GVCs participation 0.0082
(0.002)

RL�GVCs participation 0.0022�
(0.001)

CC�GVCs participation 0.02051��
(0.007)

Observation 684 688 679 688 663 683
AR(2) 0.675 0.345 0.507 0.329 0.315 0.388
Hansen test 0.102 0.345 0.175 0.235 0.324 0.123

Source: Author’s own calculations. The GMM-IV System used in all columns with external instrument, quality of infra-
structure while considering governance as our endogenous variable.
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approach shows that the coefficients of political stability (PS), government effective-
ness (GE), rule of law (RL) and control of corruption (CC) when interacting with
GVCs participation are robustly significant. To discuss the findings with individual
dimensions of governance when interacting with GVCs participation is beyond to the
scope of our analysis but these factors appear to capture the scope of governance to
contribute for a modified role of GVCs participation to contribute for sustainable
environment in selected countries. So the policy makers should be wise and clear
about the intended and actual results of GVCs-augmented governance policy. On the
basis of these robust findings we argue that domestic institutional arrangement for
GVCs participation comes a sustainable environmental performance and these results
are consistent over different model specifications.

In Table 5, the results for developed countries are as were expected that the high-
est and most significant positive impact on EPI is of the lag of dependent variable
and human capital among the controls. Among others, trade openness and environ-
mental patents also have positive and significant in both developed and developing.
For developing countries we see that participation in GVCs has negative and signifi-
cant impact on EPI and for developed countries it is positively significant that indi-
cate a one unit increase in GVCs participation would bring 0.24 percentage point
increase in EPI. Similarly, the coefficient of governance in both group of countries
are indicating a positive impact on EPI but as expected, the coefficient of governance
for developed countries is 65% higher as compare to developing countries. It is indi-
cating that quality of governance in developed countries is better than developing
countries to support environmental sustainability. In columns (3) and (4), the results

Table 5. GVCs participation, governance and environmental sustainability: panel regression ana-
lysis using GMM-IV.

Variables

Developing
countries

(1)

Developed
countries

(2)

Developing
countries

(3)
Developed countries

(4)

L1.EPI 0.3768�
(0.146)

0.4482��
(0.189)

0.2392���
(0.093)

0.4788��
(0.150)

Human capital 0.0504
(0.828)

0.1828�
(0.116)

–0.2278��
(0.093)

0.4123��
0.1549)

Environmental patents 0.0180���
(0.007)

0.0822
(0.108)

0.0229�
(0.011)

0.0544��
(0.020)

Trade openness –0.3072�
(0.080)

0.0253�
(0.085)

0.0149��
(0.007)

0.0307��
(0.007)

Governance 0.0816�
(0.063)

0.1243�
(0.092)

0.0624��
(0.029)

0.1344�
(0.081)

GVCs participation index –0.3791�
(0.190)

0.2443�
(0.157)

–0.1386��
(0.072)

0.1259��
(0.070)

GVCs participation
index�governance

0.1263���
(0.024)

0.2328��
(0.105)

Observation 507 173 463 150
Specification test
Hansen test (p-value) .236 .243 .325 .453
AR(2) 0.597 0.429 0.654 0.324

Dependent Variables: Environmental Sustainability (EPI).
Sample of 41 countries, 2001–2018.
Source: Author’s own calculations.
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under the mechanism of interaction of governance with participation in GVCs show
that the coefficients of interaction term in developing and developed countries are
positive and significant. Its value is larger in developed counties as compare to devel-
oping countries. The results stipulate that after interaction, there is tremendous
increase in the coefficient of participation in GVCs in both cases. It further suggest
that the institutional quality for sustainable business environment in developing coun-
tries is lower as compared to developed countries and global value chain activities of
developing countries require a good quality of domestic institutional arrangements by
improving their governance directly. We can also say that institutional quality and
GVCs participation improved with high income levels. Further these results shows
that developing countries are lagging in terms of sustainable value chain activities.
The coefficients of interaction terms between governance and participation in GVCS
in both column (3) and column (4) are showing positive and significant improvement
in their values and these results stresses that in developing countries, there is still a
gap to fill it with improving their domestic institutional arrangements for better and
long term environmental sustainability under their fast pace of value added trade.

6. Conclusion

In this article, we have provided an empirical evaluation of the impact of governance
and its individual dimensions to modify the role of participation in GVCs in improv-
ing the quality of environmental performance in Asia. Our assessment is based on
the estimation of GVCs-governance augmented model using data of a sample size of
41 countries over the 2001–2018 period and applying instrumental variable techni-
ques to control for the potential endogeneity of governance augmented effects on
environment for robustness checks.

The impact of governance on EPI in selected Asian countries is positive and sig-
nificant and has the highest coefficient among variables affecting EPI but excessive
participation in GVCs is detrimental to the environment, and increasing participation
leads to decreasing comprehensive environmental performance. Moreover, for the
interactive relationship, the coefficient of the GVCs participation is improved and
positively affecting the EPI. The interaction between GVCs participation and govern-
ance results is showing that Asian region with its tremendous growth in value chain
activities require an improvement in its governance for its long run value chains sus-
tainability. Moreover, the separate analysis of developed and developing countries
indicates that both groups of countries have space for improvement in their institu-
tional quality for long term value chain activities. On the basis of our analysis we can
conclude that developed countries are more capable to spend on environmental
friendly technology for environmental protection, thereby enforcing regulations that
result in ecological balance and their participation in GVCs.

This article could be of interest to policy makers and government authorities as
well, as it highlights the importance of governance in different scenarios for improv-
ing the environmental performance in grouping with strong governance and environ-
mental performance and consequently sustainable value chain activities. The weak
governance could be among the main obstacle to achieving the 2030 Agenda for
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Sustainable Development in Asia. A stronger global production network under green
investment plans can do little on its own to remove the obstacles to sustainable devel-
opment, so policy priorities should consider redoubling efforts by playing direct
active role in modifying the structure of the institutions such as by reducing corrup-
tion and bribery, passing rules and regulations that are designed suitably to achieve
sustainable value added trade activities so that rules implementation in the country
could be made.
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Appendix

Table A1. Data description and variables construction
Variables Definition Sources

GVCs
participation
index

The indicator is composed of two components
reflecting the upstream and downstream links
in international production chains.

OECD TiVA (2018)

Human capital
development
index

It is based on the average years of schooling
from Barro and Lee (BL, 2013) and an
assumed rate of return to education, based
on Mincer equation estimates around the
world (Psacharopoulos, 1994).

Penn World Table 9.0

Environmental
patents

Total Patents Registered for Technology
Innovation Related to Environment

OECD (2018)
OECD DATABASE

EPI (environmental
performance
index)

EPI is an indicator that is calculated based on
two main weighed indicators: Environmental
Health (30%) and Ecosystem Vitality (70%),

Website of EPI Yale University and
Columbia University in
collaboration with the World
Economic Forum.

Governance Average of the Five Indicators of Governance
Voice and Accountability
Political Stability and Absence of Violence/
Terrorism
Government Effectiveness
Regulatory Quality
Rule of Law
Control of Corruption
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