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Abstract
Environmental standards and trade are double-edged knives and have mutually exclusive relationships.
Economic openness and increased regulation of environmental awareness post-1960s created disputes and
debates among stakeholders. The loose policy of dirty products in emerging countries brings a tendency to be
a transitional place for developed countries. Therefore, environmental degradation is relatively preponderant
in emerging countries. The purpose of this study is to analyze the patterns and effects of dirty and clean
industry trade, institutional quality, and environmental policies on environmental pollution (pollution
heaven) in developing countries. We use data sourced from the United Nations Commodity Trade Statistics
Database (UN-COMTRADE), Wordbank, The United Nations Conference on Trade and Development (UNCTAD,
and Global Carbon, in 2002-2018, namely Argentina, Armenia, Belarus, Bolivia, Brazil, Bulgaria, Cambodia,
Chile, China, Colombia, Costa Rica, Ecuador, El Salvador, Ghana, Guatemala, India, Indonesia, Jordan,
Kazakhstan, Korea, Lebanon, Malaysia, Mexico, Morocco, Pakistan, Paraguay, Peru, Philippines, Romania,
Russian Federation, South Africa, Thailand, Tunisia, Turkey, Ukraine, and Vietnam. This study found different
and partial evidence in the diversion of the pollution heaven, strong relationships in the wave of dirty product
trade, and inconsistent and unequal comparative advantages in developing countries. Institution quality and
environmental policy have a role in creating a clean environment. This study implies that strong
environmental policies in developing countries, especially dirty industries, are needed.
Keywords: Dirty Product, Environmental Standards and Trade Pattern
JEL Classification: F13, F17, F18, F19, Q56
1. Introduction
International trades and environmental standard are double-edged knives in which one side is a mutually
exclusive relationship and another side is a zero-one game or trade-off. Economic opened and the increase in
the policies on environmental standard after the 1960s has created disputes and debates among
policymakers and stakeholder, as well as creating heat instead of light. A relatively loose policy on
environmental standard in developing countries tends to set the country into transit for the developed
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countries. Therefore, environmental degradation is relatively higher in developing countries, which makes
these countries into a pollution haven. On the other hand, environmental policy affects the demand for factors
of production, productions, and prices. A strict standard environmental regulation will not always reduce
pollution substitute. On the contrary, pollution restriction will affect the output subsidy on the price of
production factors/analogous effects in pollution restriction. Even though tightening regulation on
environment/pollution in the developed countries has caused industries to leave these countries (industrialflight).
A study on international trade and its environmental impact cause a discord. Developing countries
with low income tend to be dirtier due to the international trades/pollution haven (Antweiler et al., 2001).
The cascading pattern of trades between Japan, NIEs and ASEAN in which Japan exports for environmental
factor services to NIEs and ASEAN has decreased significantly since the 1980s (Xu & Song, 2000); the increase
in export increases the dirtiness of industries (Akbostancı et al., 2004); liberalization and increased
international trade will damage the environment (Fujita et al., 1999) and (Rosenthal & Strange, 2001); the
increase in production and international trade leads to the scaling up in pollution (Straumann, 2003);
(Grether & Melo, 2002); (Copeland & Taylor, 2004) and (Sen, 2013). Inflow FDI to the developing countries
has a positive contribution to the level of environmental pollution (Aliyu, 2005). However, developing
countries need to attract FDI inflows because it has a positive effect on economic growth and environmental
damage can be reduced through strong environmental policies and environmental tax. Trading agreement
causes changes in the industrial structures and brings negative consequences on the environment, trades of
dirty goods due to environmental regulation, capital abundance, the intensity of factors of production, the
quality of governance, corruption and other determining factors (Taylor, 2005)
Several researchers argue that pollution haven in the developing countries will be self-limiting and
heal on its own due to the balancing effect in the form of economic growth, improved regulation, technical
expertise and investment in cleaner production sectors (Mani & Wheeler, 1997); the increase in international
trades do not affect environmental pollution, environmental damage is caused by global pollution (Aktaş,
2015); environmental damage and pollution should be handled without using trade and globalization
measures (Nordstrøm & Vaughan, 1999); economic development (trade) will lead to efficient use of resources
and technology distribution (Tisdell, 2001), and other factors that can reduce the pressure/damage on the
environment. Export does not have a negative correlation with the policy on environmental standards
(Wilson et al., 2002). Pollution havens is a partial phenomenon with a limited number of cases, besides the
trend of pollution havens is not significant (Indriya & Widodo, 2011). Environmental standard and export
have a negative relationship and promote the improvement of environmental standard (Wilson et al., 2002).
Referring to the pollution haven hypothesis (PHH), the focus of this study is to examine and provide
evidence on how international trades, both export and import, for dirty products, foreign direct investment
(FDI), and the structure of institutional quality affect environmental pollution in the developing countries.
Developing countries tend to become the pollution haven especially for dirty industries [(Cai et al., 2018);
(Akbostanci et al.,, 2004); and (Speth, 1988)]. This is the result dirty industries relocation from the developed
countries [ (Dou & Han, 2019) and (Shen et al., 2019)] which usually have stronger policies/environmental
standard compared to the developing countries [ (Gill et al., 2018); (Solarin et al., 2017); (Zeng & Zhao, 2009);
(Wilson, Otsuki, & Sewadeh, 2002); and (Neumayer, 2001)]. Besides that, intra-industry trade pattern among
the developing countries have a potential of pollution transfer (PHH) through trades scheme, but this does
not apply for developed countries [(Cai et al., 2018) and (Sen, 2013)].
Besides act as a driver of economic development, FDI in the developing countries also acts as the
transmission of pollution/environmental pollution [ (Hanif et al., 2019); (Sarkodie & Strezov, 2019); (Sapkota
& Bastola, 2017), (Mutafoglu, 2014), and (Aliyu, 2005)], even though several studies refute this finding
[(Fereidouni, 2013), (Shao, 2018), (Albulescu et al., 2019); and (Rafindadi et al., 2018)]. The decrease in the
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specialization of polluting products as the result of high costs of environmental control becomes a reason for
the developing countries to loosen their environmental policies. This becomes a magnet for industrial
countries (pollution industries) to invest their funds, both in term of FDI and relocation of industry to
countries that have a negligent environmental policy (Chung, 2014) and (Dou & Han, 2019). While gross FDI
has a very low contribution to the pollution in countries with strong environmental policies (Smarzynska &
Wei, 2001).
Environmental policies depend on the quality of the institution/government as stakeholders.
Institutional quality has a role in creating clean or dirty’s FDI through a set of strong or weak environmental
policies (Cole & Fredriksson, 2009) and (Dam & Scholtens, 2012). The low level of “aggregate honesty” in the
parliament will stabilize the pollution haven as an institution because of FDI, thus, will result in loose
environmental policies which contribute to environmental pollution (Cole et al., 2006). Corruption, as an
indicator of low institutional quality, in the financial development contributes to the decline of environmental
standard (Yahaya et al., 2020) and directly increase CO2 emission through the economic growth channel and
opposite for an indirect effect (Sekrafi & Sghaier, 2018), the implementation of strict corruption control for
resource allocation is needed to achieve a clean and healthy environment.
In this paper, Part 2 describes the research method that consists of framework, data and model
analysis; Part 3 analyzes the findings and discussion. While Part 4 explains the summary, conclusions,
implications, and limitations for future studies.
2. Research Method
2.1 Analytical framework
The framework of this study refers to Figure 1 on the pattern of relationship between CO2 emission and
explanatory variables namely dirty product trade, foreign direct investment (FDI), and institutional quality
according to the previous review. The model emphasizes the linkage between CO2 emission, export and
import of dirty products, FDI, and good institutional quality as the explanatory variables or control variable.
Institutional quality is a reflection from the quality of policies, so that institutional quality can have a direct
and indirect effect or as control of other explanatory variables, export, import, and FDI. Export and import
activities are highly determined by government policies, whether certain products are prohibited, controlled,
restricted, and freely traded so that they will affect industry performance.
Export of Dirty
Industries
FDI Stock

CO2 Emission

Ins Qua

Institutional Quality

Figure 1 Framework for the Relationship between Dirty Industries, FDI and CO2 Emission
The trade of dirty product, both export and import, is one of the causes of air pollution, the increase of
CO2 emission, therefore, this is included as explanatory variables. In the production function, both primary
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and intermediate inputs are fulfilled from imports. Imports become one of the components that create air
pollution. Figure 2 presents the use of various inputs in the production process (Hertel & Tsigas, 1997).

Import of
Intermediate
Input

Foreign
Intermediate
Input [QFM

F(i,r)

Domestic
Intermediat
e Input [QFD
Capital [Cap(i,r)]

Q(j,r)

Import of

Intermediate
Input

CES

Land [Ln(i,r)]

B(i,r)

Labor [Lb(i,r)]

CES
Stage 3

Stage 2

Stage 1

Figure 2 Industrial Behavior Diagram
The relationship between various inputs in producing top-level nest is determined by the added values of
primary input [B(j,r)] and intermediary input [F(j,r)].

The level of demand for primary input from each sector,

The function of demand for intermediary input from each sector,
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Therefore, the function of demand for each input is as follows:

To determine the added value from each sector on pollution, in this study the difference between export and
import through the transmission of production output becomes a variable that determines CO2 emission. To
avoid bias and double counting of the added value of production in each sector, net export is the most precise
and valid variable in explaining the dependent variable, even though domestic consumption also contributes
in CO2 emission. This aims to reflect the real effect of each sector and trade pattern in the formation of CO2
emission.
2.2 Empirical model
The specific empirical model in this study is as follows:

In equation (11), CO2 emission is the dependent variable measured based on location, 36 developing
countries, namely Argentina, Armenia, Belarus, Bolivia, Brazil, Bulgaria, Cambodia, Chile, China, Colombia,
Costa Rica, Ecuador, El Salvador, Ghana, Guatemala, India, Indonesia, Jordan, Kazakhstan, Korea, Lebanon,
Malaysia, Mexico, Morocco, Pakistan, Paraguay, Peru, Philippines, Romania, Russian Federation, South Africa,
Thailand, Tunisia, Turkey, Ukraine, and Vietnam. The explanatory variable, foreign direct investment (FDI)
stock, export metal mining (XMM), primary non-ferrous metal (XPNM), pulp and paper (XPP), primary iron
and steel (XPIS), chemical (XCHM), cement industry (XCMT), and institutional quality (InsQua). Institutional
quality is proxied using 3 explanatory variables, or
specific model can be re-written as:

.

Based on the formula above, the

To measure the simultaneous effect of institutional quality on FDI and trades of dirty product, this
study included institutional quality as a control variable for all explanatory variables, (CC, RL, and RQ) on FDI,
and (CC, RL, and RQ) à all variables of dirty product export. The estimation of this formula is conducted on
annual data from 36 developing countries from 2002-2018. Table 1 summarizes the summary statistic of data
(mean, median, max, min, and standard deviation).
Table 1 Statistic Summary
Unit
CO2 Emission
Metric ton (MtCO2)
FDI stock
US dollar at current prices (million)
Chemical (XCHM)
US dollar at current prices
Cement industry (XCMT)
US dollar at current prices
Metal mining (XMM)
US dollar at current prices
Primary iron and steel (XPIS)
US dollar at current prices
Primary nonferous metal (XPNM)
US dollar at current prices
(XPP)
US dollar at current prices
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Control corruption (CC)
Index (-2,5 - 2,5)
Rule of law (RL)
Index (-2,5 - 2,5)
Regulatory quality (RQ)
Index (-2,5 - 2,5)

Mean
445.4628
102703.3
-1.74E+09
2.08E+08
-1.68E+09
1.19E+09
1.27E+08
-4.62E+08
-0.360585
-0.385947
-0.051661

Median
77.4809
42996.43
-6.12E+08
2434936
1064431
-3.89E+08
-1.42E+08
-3.31E+08
-0.399065
-0.464982
-0.082615

Maximum
10064.69
1628261
2.93E+10
8.54E+09
4.19E+10
7.01E+10
2.32E+10
1.03E+10
1.275488
1.23655
1.43314

Minimum

Std. Dev.

2.2057
684.466
-9.07E+10
-1.05E+09
-1.50E+11
-1.72E+10
-3.34E+10
-2.09E+10
-1.394238
-1.335948
-1.622619

1362.63
174137
9.23E+09
9.42E+08
1.31E+10
7.50E+09
5.36E+09
1.97E+09
0.506274
0.502056
0.541984
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2.3 Description of Variables
2.3.1 Pollution
CO2 emission is a form of pollution emission used in this study, expressed in a metric ton (MtCO2). The study
on CO2 emission as an indicator of pollution emission has been widely conducted (Speth, 1988); (Mani &
Wheeler, 1997); (Wilson et al., 2002) and (Sarkodie & Strezov, 2019). Besides that, the measurement of
pollution impact through CO2 emission is more reliable than other emissions. CO2 emission used in the study
is the aggregate data from the developing countries obtained from (globalcarbonatlas, 2020); (Gilfillan et al.,
2019); (UNFCCC, 2019); and (BP, 2019)
2.3.2 FDI
To explain the effect of FDI on the formation of CO2 emission through industrial activities in the long-term,
FDI stock is a more appropriate variable to be studied. In this study, FDI flow is transformed into FDI stock
(Lan et al., 2012) and (Sapkota & Bastola, 2017):

FDIi is FDI stock,
is the average annual depreciation level, and IF is FDI inflow in each country. The lag on
FDI inflow of the current year (t) creates bias of FDI impact on the industry and CO2 emission, thus IF cannot
reflect the real impact on emission formation.
PHH through FDI channel is quite possible to be implemented, both actively or reactively. The increase
in FDI will bring a positive effect on the level of pollution, especially for pollution-dense industries. However,
FDI flow also can reduce the level of pollution through the adoption of environmentally friendly technology,
efficient energy consumption, and cleaner industry. The data was obtained from The United Nations
Conference on Trade and Development (UNCTAD).
2.3.3 Trade of dirty industries
Dirty industries are pollution-dense industries that have the highest reduction cost that must be incurred for
each unit of output (Tobey, 1990), (Mani M. , 1996), and (Mani & Wheeler, 1997). Based on these criteria, five
groups of the industry as the leading dirty industry includes metal mining, primary non-ferrous metal, pulp
and paper, primary iron and steel, and chemical. Besides these five pollutant-dense industries, this study
added cement industry as one of the industries that have a significant effect on the formation of CO2 emission
(McKinsey&Company, 2009).
Referring to Kanemoto et al. (2012) and Kanemoto et al. (2014) to decompose production-based
emissions into consumption-based emissions and the composition of emissions in export and import:

Based on formula (14), the function of aggregate production is Qs = f(C-M+X), production is affected by the
level of consumption, export, substracted by import. In which B is the emission in each country, b is emission
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intensity, r is emission autarchy, t and s are the import supplier and destination, and reverse in exports, y is
final demand, and i and j are industrial sectors.
The trade data used in this study are the net exports for dirty product category based on the Standard
International Trade Classification (SITC Rev. 2) 3-digit published by the United Nation Comtrade (UN
Comtrade) database in 2002-2018. Product composition for each category refers to the previous description
(Tobey, 1990) and (Mani & Wheeler, 1997).

2.3.4 Institutional Quality
Institutional quality has an important role in producing environmental policies, both through FDI channel and
export. The strength of environmental policies is affected by the rule of law, regulatory quality, government
effectiveness and corruption (Sekrafi & Sghaier, 2018) and (Yahaya et al., 2020), in which the four predictor
variables were extracted from World Bank. The rule of law (RL) reflects the quality of law enforcement for
the perpetrator, regulatory quality (RQ) reflects government’s ability in formulating and implementing
regulation as well as encouraging the private sector, while corruption (CC) captures the perception on how
the government/public officials use their position for personal gain and all other forms of corruption.
The institutional quality variable is the result of a World Bank survey in 2002-2018 provided in the
form of an index. An institutional quality index (RL, RQ, and CC) are standardized and continuous quantitative
measures, as a centralized and reduced variable (Sekrafi & Sghaier, 2018), which have a variation between –
2.5 (as a form of government failure) and 2.5 (corruption level is very low, while rule of law, regulatory
quality, and government effectiveness is very strong).
3. Result and Discussion
Table 2 summarizes the result of estimation for the three models on panel data using Least Squares Dummy
Variable (LSDV) approach. The result of Hausman test between fixed-effect model versus random effect
model shows that the p-value is lower than 0.05, thus, rejecting H0, and suggesting that fixed effect model is
more consistent and efficient compared to the random effect. Therefore, the model is selected as an
appropriate estimator of the final model for further inferences.
The Adjusted R-squared for model 1, 2, and 3 are 0.98, 0.98, and 0.99 respectively, weighted and unweighted
statistics. This indicates that almost all of the variance on CO2 pollution level can be explained by the
explanatory variables in the model. Besides, the control variable strengthens the overall model, which is
reflected from the R-square (R2) score in the third model compared to the other models. The F-statistic is <
0.05 (0.00) for all models (model 1, 2nd, and 3rd) and accepting “Halternative“ (H1), thus, simultaneously the
explanatory variables (FDI, the export of dirty goods, and institutional quality) have a significant effect in the
formation of CO2 emission.
FDI stock has a positive coefficient with t-test under 1 per cent, which means that FDI has a positive
and significant effect on the increase of CO2 pollution. This variable has a high consistency ( = 0.00) for all
models. This means FDI has a strong effect in the formation of CO2 emission in all developing countries with
and without the presence of institutional quality as explanatory and control variable. This finding contrasting
the argument from Aliyu (2005), Shao (2018), and Rafindadi et al. (2018), but in line with Sarkodie & Strezov
(2019) who state that FDI inflow increases CO2 emission in the top five emitters of carbon through fuel
burning in developing countries, and Sapkota & Bastola (2017) who find that for each one per cent increase of
FDI will contribute to the 0.036 per cent increase of CO2 pollution in Latin America. For each 1 million USD
increase of FDI will result in 0.00036 metric ton (MtCO2) of CO2 pollution. The consistency and positive
significant of FDI show that this finding supports the pollution haven hypothesis (PHH).
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The trade of dirty industry (cement, primary iron and steel, and pulp and paper) has a positive and
significant coefficient ( = 0.00) on CO2 pollution. Contrasting the finding from Tobey (1990), Lopez et al.
(2018) and Shao (2018), this paper argues that the export of dirty product for the three industry categories
become the cause of air pollution. Cement industry has the largest contribution on the formation of CO2
emission compared to the other industries. This is in line with the report from McKinsey&Company (2009)
that cement industry contributes up to 1.6 GtCO2 (2005) and is estimated to reach 3.9 GtCO2 in 2030 globally,
while the primary iron and steel industries will grow faster and reach 4.7 GtCO2 in the same year and
baseline. The export of pulp and paper become one of contributors in CO2 emission with 2.34 per cent and
metal/steel pro-
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Table 2 Fixed Effect Model in the Formation of CO2 Emissions

Model 1
FDI_S
XCHM
XCMT
XMM
XPIS
XPNM
XPP
CC
RL
RQ
(FDIxCC)
(FDIxRL)
(FDIxRQ)
(XCHMxCC)
(XCHMxRL)
(XCHMxRQ)
(XCMTxCC)
(XCMTxRL)
(XCMTxRQ)
(XMMxCC)
(XMMxRL)
(XMMxRQ)
(XPISxCC)
(XPISxRL)
(XPISxRQ)
(XPNMxCC)
(XPNMxRL)
(XPNMxRQ)
(XPPxCC)
(XPPxRL)
(XPPxRQ)

0.000674 (19.594)***
-4.66E-09 (-4.143)***
1.18E-07 (9.518)***
-1.75E-08 (-14.984)***
4.43E-09 (4.615)***
-2.66E-09 (-1.716)*
5.58E-09 (2.768)**

Model 2
0.000714 (19.571)***
-4.72E-09 (-4.136)***
1.36E-07 (9.808)***
-1.71E-08 (-14.814)***
4.20E-09 (4.374)***
-2.72E-09 (-1.759)*
7.10E-09 (2.999)***
9.876978 (2.169)**
-22.4525 (-3.709)***
7.177255 (1.436)

Model 3
0.000992
-5.65E-09
1.42E-07
-1.55E-08
4.01E-09
-2.96E-09
1.95E-08
6.909686
-32.2058
13.35218
0.00024
-0.00085
0.000329
-1.87E-08
1.20E-08
1.48E-08
7.83E-08
9.09E-08
-9.84E-08
9.17E-09
1.21E-08
6.10E-09
-3.39E-09
-2.83E-09
1.79E-10
-3.95E-09
1.40E-09
5.25E-09
4.43E-08
-6.81E-09
-8.05E-08

(16.715)***
(-3.131)**
(6.274)***
(-9.694)***
(2.630)**
(-1.373)
(5.382)***
(2.029)**
(-3.850)***
(1.856)*
(2.341)**
(-7.772)***
(3.334)***
(-4.014)***
(2.554)**
(3.682)***
(1.723)*
(2.198)**
(-2.386)**
(1.686)*
(1.956)*
(1.038)
(-1.515)
(-1.545)
(0.068)
(-1.165)
(0.368)
(1.674)*
(3.631)***
(-0.676)
(-6.503)***

Note: ***, **, and * indicate significance level below 1%, 5%, and 10% respectively.
duct with 2.06 per cent (Straumann, 2003). These industries (including cement) are industry-based
abundance factor and primary industry in the developing countries so that the government tends to push the
industry to maintain the specialization advantage and to support the economic growth. This condition brings
a consequence of downplaying the input-output calculation in this industry so that the larger impact in the
form of increased pollution and environmental damages tend to be ignored. Based on the perspective of the
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three industries, this result strongly supports the pollution haven hypothesis that the developing countries
are the victims of the transfer of pollution-dense industries from the developed countries.
In contrast to the Straumann (2003), this study finds that metal mining and chemical industry can
reduce CO2 pollution. In average this product has negative coefficient/net importer, which shows that a
greater production decomposition is allocated for consumption, therefore, the developing countries may have
a higher consumption level than its production level. With the high standard for chemical in the developed
countries and industrial shifting (flight industry) from the developed countries to the developing countries, it
is estimated that the global production and consumption will reach 31 and 33 per cent in 2020. This requires
developing countries to produce environmentally friendly and energy-saving high-tech products. The
development of bulk organic chemical in the developing countries (> 60 per cent), the growth in the number
of investors who are concerned to the environment & social governance (ESG), and the policy on sound
chemical management (including active pharmaceutical ingredients/APIs) towards green economy becomes
one of the backgrounds for this finding (UNEP, 2013).
Institutional quality especially corruption has a positive and significant coefficient at 95% confidence
level, this shows that the perception of corruption in the developing countries contributes to the formation of
CO2 pollution (Yahaya et al., 2020). This indicates that developing countries with a higher level of corruption
correlates with environmental damage, through financial development channel (state budget) and licensing
and or other corruption elements. Corruption leads to inefficiency in the allocation of resources so that
output and economic multiplier are not optimal (Bowles, 2000). In line with Welsch (2004) that corruption
has a direct impact on pollution through income transmission. Public officials in the developing countries
with relatively low income will try to increase their income through various means, through fraud, moral
hazard, and corruption. High level of corruption leads to the creation of environmental policy that does not
support a good environmental ecosystem (Pellegrini & Gerlagh, 2006). While the variable rule of law (RL) has
a negative and significant effect ( = 0.00) on the creation of pollution, both in model 1 and model 3. A series
of policy and strong legal implementation in environmental problem will reduce industrial and investment
impact on environmental damage. Enforcement on environment perpetrator will create a deterrent effect for
the perpetrator, therefore environmental damage and pollution can be minimized. In the developing
countries, enforcement to the industry that does not obey the policy of environmental standard will bring
positive change on the business model that follows the environmental standard, however, this might also
create new corruption during the process (Green, 1997).
This finding seems to support the hypothesis that countries with a loose environmental policy will
attract pollution-dense industries from countries with strict environmental policy. Institution ability to
produce, implement, and evaluate policies becomes the key factor in preventing pollution caused by industry
and industry and FDI. Corruption and rule of law become evidence that strong policy will be able to control
various factors that cause environmental damage and the increasing air pollution. Even though contrasting,
both variables have the highest coefficient compared to the other variables. As the control variable for the
FDI, cement, metal mining, and pulp and paper industries, corruption has a contribution to the formation of
CO2 emission in the developing countries. Corruption in FDI and the three industries shows unhealthy
business practice that involves the stakeholders, including the policymakers. This will cause inefficiency in
the allocation and utilization of resources (Bowles, 2000) thus, the output, both from industries and policies,
become suboptimal and in turn leads to environmental damage and the increase in environmental pollution,
especially CO2 emission.
The power of environmental policy becomes the key factor in preventing environmental damage/the
increase in CO2 emission, especially in developing countries. This finding supports Chung (2014) who stated
that weak regulation becomes the determining factor of pollution haven in the developing countries including
international trade behavior. Dou & Han (2019) argue that high industrial mobility will lead more quickly to
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countries with laxer environmental policies and vice versa. Our finding concerning rule of law (RL) seems to
contradict the pollution haven hypothesis. However, in connection to corruption, this finding will form a
convergent and linear relationship on the impact of policy on the formation of CO2 emission in the developing
countries.
4. Conclusion
This paper provides a supplement and new insight into the pollution haven hypothesis by bringing up crossregional evidence. Specifically, we examine the relationship between FDI stock, export dirty product, and
institutional quality (corruption, rule of law, and regulatory quality) as explanatory and control variables and
the formation of CO2 emission in 36 low- and medium-income countries from 2002 to 2018. In general, this
paper supports the pollution haven hypothesis in the developing countries, except for metal mining and
primary iron and steel industry. This finding also provides evidence that (1) institutional quality, especially
corruption, has a vital effect on the formation of CO2 pollution, both as transmitter and directly. Corruption
will lead to misallocation of resources and costs, both on FDI and export of dirty products so that
environmental problem tends to be disregarded. (2) rule of law has a role in creating a clean environment,
particularly in decreasing the CO2 emission, but its relationship with sectoral export shows contradicting
evidence. This shows that enforcement in dirty industry or those that break the environmental policies
received less attention. The effective enforcement can be performed through channel FDI, in which the
variable can change negative FDI effect into positive ones in reducing CO2 pollution in the developing
countries. Corruption control has a contradicting role on the formation of CO2 emission, this means that strict
action toward environmental offenders will loosen when it enters the verdict because of the higher level of
corruption in that level. (3) the hypothesis which states that there is a transfer of dirty industry from
countries with strong environmental policies to those with weak environmental policies is observed in this
study. Place with dirty industries abundance tend to encourage FDI inflow more quickly to increase
specialization advantage and economic growth than a clean environment. Strong policies on clean industry
and the use of energy-friendly technology is a fixed price for developing countries to reduce their
environmental pollution. The government must implement a higher tax for the dirty industry as a form of
compensation for the pollution caused by the firm’s production. The industry is also required to maintain
environmental standard through various innovations on the process and technology that they use.
Additionally, different tariff, particularly for import of dirty raw materials becomes one of the instruments to
suppress the flight industry from the developed countries.
Further study on the pollution haven hypothesis in connection to FDI and the dirty industry is still
needed. This study is aggregate and partially simultaneous and the sectoral impact is not well described. To
examine the added value of FDI and dirty industry for each sector and its transmission on environmental
pollution (CO2) needs convergent and linear measurement model. This aims to assess the compensation that
needs to be incurred by each sub-industry. Besides, the channel between institutional quality and the
formation of CO2 emission requires further identification. For example, strong environmental policy in a
country with CO2 pollution, it needs a transmission which is then differentiated and derived to measure its
costs and impacts.
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