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A B S T R A C T   

This study explores the interrelationship between FDI, institutional factors, financial development and sustain-
ability by revisiting the pollution haven (or halo) hypotheses. The data is sourced from the World Development 
Indicators (WDI) database over the period of 1990–2016, covering 21 developed and developing countries with 
high carbon emissions. The study uses dynamic panel data estimations by applying the generalized method of 
moments (GMM) and system-generalized methods of moments (Sys-GMM) over sample countries. The results 
indicate that FDI has a significant positive impact on environmental degradation. There is evidence of pollution 
haven hypotheses, especially in developing countries. We contribute to existing literature by revisiting the 
Environment Kuznets Curve (EKC) hypothesis and presenting the effect of FDI on carbon intensity in the light of 
institutional factors and financial development. The findings relating to FDI, institutional factors and financial 
development may cause researchers and policymakers to reiterate the sustainability dimension of foreign capital 
inflows in both developed and developing countries. We propose the policy framework to include a mandatory 
Statement of Environmental Disclosures for both listed and unlisted home and host companies at the time of their 
origin, expansion and fund raising in order to achieve sustainable business goals (SBGs).   

1. Introduction 

The economic1, social2 and the environmental impact of globaliza-
tion has been the subject of extensive debate among academicians, re-
searchers and policymakers for over four decades (Blonigen, 2005; 
Werner, 2002; Paul & Singh, 2017). The nexus between economic 
growth, environmental pollution and FDI inflows has been extensively 
dealt in economic modelling literature with sometimes controversial 
and ambiguous results (Fetscherin, Voss, & Gugler, 2010; Klier, 
Schwens, Zapkau, & Dikova, 2017; Paul & Benito, 2018). Though 
globalization has led to vast development (Buckley & Casson, 2009; 
Chan, Makino, & Isobe, 2006; Meyer, 2004; Blonigen, 2005), but it has 
also brought forth significant challenges (Hoffmann, Lee, Ramasamy, & 
Yeung, 2005; Jorgenson, 2007) such as the coronavirus pandemic in 
2020, perhaps the most damaging global event since World War II. As 

environmental sustainability is a major challenge, a debate on envi-
ronmental dimensions of globalization has engulfed the entire world 
since the beginning of 21st century (Christmann & Taylor, 2001; Mann 
& Sauvant, 2017). 

The Climate and Energy Framework Agreement3 (2018), highlights 
three broad objectives, namely, reduction in greenhouse gas emissions, 
usage of renewable energy sources and energy efficiency for attaining 
environmental sustainability though innovation and capital inflows. 
While research supports pollution halo hypothesis4 as a means to 
accelerate the development and production process in a low carbon 
economy though FDI (Gray, 2002; Perkins & Neumayer, 2008; Talukdar 
& Meisner, 2001; Wheeler, 2001), there is contrary evidence in the form 
of pollution haven hypothesis5 being applicable where foreign capital 
significantly increases the carbon emissions level in host countries 
(Acharyya, 2009; Grimes & Kentor, 2003; Hoffmann et al., 2005; 

* Corresponding author. 
E-mail address: nehasaini.phd@fms.edu (N. Saini).   

1 Often represented as profitability, Return on Investments (ROI) and Return on Assets (ROA).  
2 Composed of perceptions of the neighbourhood, safety, crime, traffic, as well as social cohesion (Riazi & Faulkner, 2018).  
3 https://ec.europa.eu/clima/policies/strategies/2030_en.  
4 As per pollution halo hypothesis when multinational companies with advanced technology and management encounter strict environmental laws and standards 

in host countries (Dean, 1992; Zarsky, 1999), it leads to high environmental and governance standards/practices (Singhania, Saini, & Gupta, 2015; Saini & Singhania, 
2018) and thereby transforms environmental degradation into environmental sustainability.  

5 Pollution Haven Hypothesis argues that firms seek to avoid the cost of stringent environmental regulations (and high energy prices) by locating production in 
countries where environmental norms are lenient (OECD, 2017). 
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Jorgenson, 2007). Implicitly, in order to address this issue, policy re-
forms need to emphasize on sustainable FDI. 

Economic and sustainable FDI determinants are governed by the 
quality of institutional framework and financial development of host 
country (Tamazian & Rao, 2010; Mann & Sauvant, 2017). In such 
backdrop, it becomes imperative to study financial development, insti-
tutional framework and foreign capital inflows to achieve sustainable 
development. This paper highlights the complex interactions between 
environmental pollution, FDI inflows, institutional factors and economic 
growth in light of the pollution halo or pollution haven hypothesis. 
Financial development and a robust institutional framework are essen-
tial for attracting foreign capital inflows leading to higher economic 
growth coupled with environmental sustainability through introducing 
clean and innovative mechanisms in the business value chain (Frankel & 
Romer, 1999). Torras and Boyce (1998) and Panayotou (1997) find 
institutional factors as critical elements of Environmental Kuznets 
Curve6 (EKC), expediting the environmental improvements through 
qualifying the policies and institutions, thereby flattening the curve. 
Financial development provides motives and opportunities to use new 
technology to facilitate a clean and environmental friendly production 
process (Frankel & Rose, 2002). We study, the impact of FDI on carbon 
intensity while controlling the presence of institutional framework and 
financial development with respect to scale, technique and combined 
effects and thereby address a significant research gap in literature. 

An effort towards energy innovation (through research and devel-
opment) tends to have a direct and positive relationship with environ-
mental sustainability through the technique effect (Cole, Elliott, & Strobl, 
2008; Eskeland & Harrison, 2003). A change in production structure of 
economy may also lead to environmental sustainability but in specific 
stages such as, when the economic structure changes from agriculture to 
more energy-intensive in first stage, it leads to higher levels of pollution. 
But in later stages, pollution decreases as the structure of economy 
moves towards service and light manufacturing industries through the 
composite effect (Liang, 2006; Grossman & Krueger, 1995; Pao & Tsai, 
2010). The implementation of technique effect (through innovative 
techniques by FDI policy) and composite effect (though stringent institu-
tional framework) cycle leads to sustainable development (Gradus & 
Smulders, 1993; van den Bergh & Nijkamp, 1994; Stokey, 1998). As per 
scale effect even if the structure of economy and level of technology does 
not change, an increase in the scale of production adversely affects 
environmental quality, and therefore in this stage of economic devel-
opment, economic growth impacts environmental degradation posi-
tively (Álvarez-Herránz, Balsalobre, Cantos, & Shahbaz, 2017). Linking 
these three dimensions in international business so as to attain sus-
tainability, the study tries to present how FDI and country-level policies 
may be used to facilitate sustainable development. To the best of our 
knowledge, only two studies, namely Perkins and Neumayer (2009) and 
Shao (2018) consider the FDI, trade and sustainability nexus in devel-
oped and developing countries. While Perkins and Neumayer (2009) 
studies only developing countries, Shao (2018) considers a large sample 
of developed and developing countries over a period of 24 years. We 
employ the FDI-carbon intensity nexus in presence of institutional fac-
tors and financial development as a control variable to unravell the 
technique, composite and scale effects, which remains largely unex-
plored in literature. 

Empirical shreds confirm the relationship between income levels and 
environmental pollution to exhibit EKC effect (Copeland & Taylor, 
2004; Dasgupta, Laplante, Wang, & Wheeler, 2002; Dinda, 2004). But 
this hypothesis has been questioned by Stern (2004) for not being 
backed by strong econometric footing and not considering 

heteroskedasticity, and for omitted variable bias and other critical di-
mensions relating to cointegration analysis. We extend Kathuria (2018) 
suggestion to consider FDI and environmental pollution as an endoge-
nous variable in case pollution haven hypothesis is being applied. We 
suggest the usage of instrumental regressors to take care of potential 
simultaneous biasness and obtain consistent and unbiased estimates. We 
incorporate this aspect on methodological grounds also since the dy-
namic specifications using a lag of dependent variables have been 
largely unexplored. With carbon intensity being cumulative and present 
emissions most likely linked with prior emissions, dynamic panel data 
model can overcome the issue of endogeneity. To the best of our 
knowledge, ours is the only study that considers 2SLS, GMM (one-step, 
two-step) and System GMM (one-step, two-step) estimators to study the 
effect of FDI on carbon emissions using worldwide panel data. We cover 
a large set of explanatory variables within a framework of static and 
dynamic panel modelling. We employ system GMM method of estima-
tion as suggested by Arellano and Bover (1995) and Blundell and Bond 
(1998). System GMM exploits the stationary restrictions and gives more 
robust results than differenced GLS and GMM estimations as it is based 
on significant finite sample biases due to weak sample instruments 
(Bond, Hoeffler, & Temple, 2001). 

The rest of the paper is organized as follows: Section 2 presents a 
review of literature. Section 3 describes research design including 
methodology of the empirical model vis-à-vis static and dynamic panel 
data regressions. Section 4 presents the analysis and findings, Section 5 
lists the policy implications of research followed by the summary and 
conclusions of the study. 

2. Review of literature 

Facets of foreign capital inflows have been studied by numerous 
academicians and policymakers. Theories such as OLI, LLL, Network and 
eclectic theory consider FDI as a channel of development for host 
countries in different growth phases. Dunning (2014) describes the 
economics of exploiting natural and global dimensions through foreign 
investment using “OLI“ framework (Ownership, Location and Inter-
nationalisation). FDI inflows are observed when ownership-specific 
advantages (e.g. proprietary technology) are coupled with locational 
advantages (e.g. low factor costs) and potential benefits of internation-
alization through production processes abroad. Mathews (2006) pro-
vides LLL (Local, Leverage and Learn) theory for developing specific 
capabilities via interlinkage with local partners as well as leveraging 
available resources and learning to adapt to the local environment. 
Network theory of FDI is gaining momentum as global companies 
increasingly engage with production networks of host countries to gain 
scale and strategic benefits. Implicitly, from ownership advantage 
(Dunning, 2014) to production network expansion (Network theory), 
FDI continues to play a significant role in different stages of host 
country’s development. The standard economic models attribute cross 
border capital movements primarily to relative factor endowment, 
market size, transportation costs and trading costs. According to the 
eclectic theory of FDI (Dunning 1988, 1992), multinational corporations 
are born to exploit the benefit of internationalizing firm-level advan-
tages such as technical skills, advertising, brand name, etc. with eco-
nomic motives for capital transfer. Beyond economic dimensions, as per 
World Economic Forum7, 2017, focus is on sustainable FDI, wherein the 
motive has changed from economic growth to sustainable development 
with ”responsible investment“ being termed as green capital inflows 
(Mann & Sauvant, 2017). 

6 The coefficients of GDP >0 and GDP2 < 0 determine the inverted U shape of 
the EKC. EKC hypothesis postulates an inverted-U-shaped relationship between 
different pollutants and per capita income, i.e., environmental pressure in-
creases up to a certain level as income goes up and thereafter it decreases. 

7 https://www.weforum.org/events/sustainable-development-impact-su 
mmit-2017. 
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Studies on globalization highlight important issues related to quality 
of FDI and INDC8 commitments on climate change with respect to future 
sustainable goals. FDI inflow is a significant contributor towards 
achieving such goals with sustainable investment. Sustainable FDI is 
defined as an investment that contributes to social, environmental and 
economic development of host country, within a fair governance 
mechanism (Mann & Sauvant, 2017). Host countries have potential to 
attract FDI inflow in major infrastructural areas such as energy, water 
resource management, transportation and build a low carbon emission 
economy through foreign investment in renewable energy and sustain-
able supply chain management. Such an approach needs to be rooted at 
company level first, then transformed to domestic firms through a 
contagious effect (Kolk, 2008; Kolk & Van Tulder, 2010; Saini & Sin-
ghania, 2019, 2018). 

Foreign capital inflows need to be aligned with firm-level and 
country-level institutional policies and reporting mechanisms to get 
maximum benefit. For instance, Kolk (2008), Kolk and Van Tulder 
(2010), Saini and Singhania (2019) consider firm-level value disclosures 
in terms of social and environmental disclosures to achieve sustain-
ability. The macro-level framework of foreign capital inflows has shifted 
from economic and social dimensions to ecological development 
(Tamazian & Rao, 2010). However, owing to contradictory results on 
FDI-energy-sustainability nexus, academicians and researchers attempt 
to revisit the hypothesis by using diverse sample of countries and time 
periods. 

Hypothesis 1. Institutional environmental laws and standards of host 
countries are significantly related to quality of environment. 

FDI and environment degradation nexus are divided into two cate-
gories, namely the pollution halo hypothesis or the pollution haven hy-
pothesis. Pollution halo hypothesis exist when multinational companies 
with advanced technology and management skills encounter strict 
environmental laws and standards in host countries (Dean, 1992; Zar-
sky, 1999). Investment by multinationals should not only be governed 
by economic growth dimensions, but also by environmental protection 
laws of host countries via knowledge diffusion, technology spillover and 
transfer of funds. Zhu, Duan, Guo, and Yu (2016) found a significant 
negative impact of FDI on carbon emission in middle and high emission 
countries of ASEAN due to the lack of innovative green practices. Per-
kins and Neumayer (2008), on the other hand, showed how high carbon 
emitting countries need to improve their environment by adopting 
environmentally sound technologies and policies similar to cleaner 
countries. Birdsall and Wheeler (1993) consider trade openness as an 
encouragement towards green technology to eliminate the barriers of 
environmental standards laid in host countries. 

In contrast, as per the pollution haven hypothesis, FDI significantly 
increases carbon emissions in host countries through usage of obsolete 
and non-eco-friendly technologies (Gray, 2002; Perkins & Neumayer, 
2008; Talukdar & Meisner, 2001). Further, high implementation cost 
and carbon tax/fee source in case of strict environmental standards 
tends to shift polluting industries from developed to developing coun-
tries. Developing countries usually have low environmental standards 
and thereby worsens their environment in quest of higher economic 
growth. Chichilnisky (1994) and Copeland and Taylor (1994) proposed 
this scenario as classical “pollution haven hypothesis” wherein developing 
countries may have lenient environmental regulations as a strategy to 
compete against low infrastructure availability in comparison to 
developed countries. Grimes and Kentor (2003) identified the impact of 
FDI in LDCs with high concentration of energy-consuming industries 
leading to significant positive effects on environmental degradation in 

presence of weak environmental protocols (Gray, 2002) or “regulatory 
chills” in absence of strict environmental laws for inward FDI (Kentor & 
Grimes, 2006; Perkins & Neumayer, 2009). 

Hypothesis 2. There exists a significant relationship between Income- 
FDI-energy nexus and environmental degradation. 

Grimes and Kentor (2003), Hoffmann et al. (2005) find pollution 
haven hypothesis valid only for low-income countries. High-income 
economies have higher regulatory environmental standards as 
compared to those in developing countries. Developing countries with 
lower infrastructural standards compromise with the infusion of dirtier 
technology as proposed by Chichilnisky (1994). Shao (2018) identified 
the reason as the absence of FDI attracting factors such as infrastructure 
and skilled labour. To cover up, low-income countries use relaxed 
environmental regulations to compete for FDI, leading to pollution 
haven hypothesis (Sapkota & Bastola, 2017; Shao, 2018). FDI becomes 
the framework for multinational companies of developed economies to 
transfer polluted units to developing countries with lower environ-
mental standards to reduce their implementation costs. 

Kathuria (2018) and Pazienza (2015) decomposed the Income-FDI- 
energy nexus into (i) scale effect (moving from a small to global 
scale), (ii) technique effect (adoption of cleaner technology), and (iii) 
composition effect (a shift in preferences to cleaner products and greater 
environmental protections with increases in income). The net effect of 
these three effects reflected in terms of ultimate impact on environment. 
The scale effect includes phases with constant structure and technology 
accompanied by an increase in production impeding environmental 
quality. Technique effect captures the improvement in technology and 
adoption of cleaner technologies which might increase the environ-
mental quality. Composition effect measures the change in structure of 
economy as it moves from agricultural sector to industry and then to 
service sector (Balsalobre, Álvarez, & Cantos, 2015). While scale effect is 
the outcome of economic activity and consumption, technique and 
composition effect are outcomes of cleaner technology and shift to a 
greener environment. In Environmental Kuznets Curve9, the composi-
tion and technique effect outweigh the scale effects, making trade, FDI 
and financial liberalization more favourable than harmful to environ-
ment (Sadorsky, 2009; Antweiler et al., 2001; Grossman and Krueger, 
1995) if institutional practices and regulations are oriented towards 
environmental sustainability (Boutabba, 2014; Gray, 2002; Tamazian & 
Rao, 2010). 

Hypothesis 3. There exists a significant relationship between financial 
development of host country and reduced environmental degradation. 

A good financial structure facilitates low cost financing of in-
vestments in environmentally friendly projects across all levels namely 
local, national and international. Apart from this, the capital market of 
the host country also plays an important role in addressing environ-
mental challenges. Capital markets are particularly efficient in alloca-
tion of capital for determining the appropriate prices for goods and 
services. Along with efficient allocation, capital markets provide in-
centives towards the development of new technology leading to a less 
carbon-intensive economy. 

In such backdrop, Claessens and Feijen (2007), Kumbaroglu, Karali, 
and Arıkan (2008) and Lanoie, Laplante, and Roy (1998) argue that 
improved governance and financial sector development through tech-
nological changes in energy supply leads to environmental improve-
ment. A well-developed financial system provides enough incentives to 
local firms as well as multinationals to lower their carbon emissions. 
Besides, for successful economic and financial development, there is an 

8 Intended Nationally Determined Contributions are voluntary national tar-
gets adopted by nations to meet the objectives set by UNFCCC under Paris 
Agreement in 2015, to hold the increase in global average temperature to below 
2◦ Celsius. 

9 Environmental Kuznets Curve (EKC) hypothesis postulates an inverted-U- 
shaped relationship between different pollutants and per capita income, i.e., 
environmental pressure increases up to a certain level as income goes up; after 
that, it decreases. 
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emergent need for a strong regulatory framework. Companies with strict 
environmental laws are in better position to mitigate harmful emissions 
by using efficient/less polluting technologies and best practices in 
environmental management (Cropper & Griffiths, 1994; Jones & Man-
uelli, 2001). 

Table 1 provides the chronological listing of various studies under-
taken in this area. 

3. Econometric modelling 

Grossman and Krueger10 (1995) links the relationship between 
environmental pollution and income levels to inverted U shape hy-
pothesis along with other endogenous and control variables. The EKC’s 
inverted U shape relationship is expressed in Eq. (1). We use panel data 
methodology to control for individual heterogeneity and thereby elim-
inate the risk of biased results. To address country-specific unobserved 
heterogeneity, we use static panel data modelling by estimating fixed 
and random effects11 and to control for endogeneity problems and 
remove variable biasness, we look for valid and relevant instruments in 
regression, thus using 2SLS12 model. To address individual heteroge-
neity, we use dynamic panel data methodology with differenced GMM 
and system GMM. The specifications used for static model are as follow: 

CO2t = β0 +
∑p

i=0
α2iYt+

∑p

i=0
α3iY2

t +
∑p

i=0
α4iEt+

∑p

i=0
α5iTt+

∑p

i=0
α6iFDIt

+
∑p

i=0
α7iFDt +

∑p

i=0
α8iIFt + vi + εit (1)  

where: 

CO2t is Carbon Emission per capita in county i for time t. 
Yt is GDP per capita in country i for time t. 
Et is Energy Consumption per capita in country i for time t. 
Tt is Trade Openness in country i for time t. 
FDIt is Foreign Direct Investment in country i for time t. 
FDt is Financial Development in country i for time t. 
IFt is Institutional Framework in country i for time t. 
vi and εitare country-specific effects and error terms respectively. 

To arrive at Eq. (1), numerous existing models prescribe the speci-
fications. The simple pooled OLS model yields inconsistent and biased 
results if the time-invariant variables covariates were omitted from the 
model because unobserved error terms are highly correlated with the 
error term. If the omitted time-invariant variables are correlated with 
dependent variable, then the fixed effect model yields consistent and 
unbiased parameters whereas if the omitted variable is not covariate 
with the dependent variable then, the random effect model provides 
consistent and unbiased estimates. The validity of these assumptions are 
tested by Hausman Specification tests. However, to consider estimates 
more robustly and efficiently, we use the tests of heteroscedasticity, 
autocorrelation and endogeneity and instrument variability. Our main 
model expresses FDI as a function of carbon emission with the 
assumption that the pollution haven hypothesis does take this into 
consideration, causing an endogeneity problem (Kathuria, 2018). To 
allow for this potential endogeneity, we consider FDI as an instrumental 
variable using two-stage least square (2SLS). For an instrument to be 
suitable, we must use a variable which should be highly correlated with 
FDI and strictly exogenous to dependent variable. To control for endo-
geneity, we use a set of instruments that capture the degree of infra-
structural development in host country namely gross fixed capital 

Table 1 
Chronological review of literature based on carbon intensity and factors 
affecting environmental degradations.  

S. 
No. 

Author (Year), 
Country 

Sample 
data 

No. of 
sample 
countries 

Method 

Studies based on Carbon intensity and Foreign Direct Investment (FDI) 
1 Keller and Levinson 

(2002), USA 
1977–1994 USA Panel Fixed effect 

2 He (2006), France 1994–2001 Different 
States of 
China 

GMM 

3 Sharma (2011), China 1985–2005 69 Dynamic panel 
data analysis 

4 Cole, Elliott, and 
Zhang (2011), UK 

2001–2004 Different 
States of 
China 

Fixed effect and 
Random effects 

5 Anwar and Sun 
(2011), Australia 

1970–2007 Malaysia GMM estimations 

6 Atici (2012), Turkey 1970–2006 ASEAN-5 Fixed effect and 
Random effects 

7 Gholipour Fereidouni 
(2013), Malaysia 

2000–2008 31 GMM 

8 Ren et al. (2014a), 
China 

2000–2010 Different 
States of 
China 

Two step GMM 

9 Omri, Nguyen, and 
Rault (2014), Tunisia 

1990–2011 54 Dynamic 
simultaneous- 
equation 

10 Wang and Chen 
(2014), Hong Kong 

2002–2009 Different 
States of 
China 

Fixed effect and 
random effect 

11 Ren et al. (2014b), 
China 

2001–2011 Different 
States of 
China 

Panel Fixed effect 
and random effect 

12 Hao and Liu (2015), 
China 

1995–2011 Different 
States of 
China 

Sys-GMM 

13 Hua and Boateng 
(2015), US 

1970–2007 167 GMM 

14 Bokpin (2017), Africa 1990–2013 Africa Fixed effect and 
Random effects 

15 Kar and Majumdar 
(2016), India 

1996–2012 37 Panel Fixed effect 
and random effect 

16 Bakhsh, Rose, Ali, 
Ahmad, and Shahbaz 
(2017), Pakistan 

1980–2014 Pakistan 3SLS 

17 Sapkota and Bastola 
(2017), USA 

1980–2010 14 Latin 
American 

Fixed effect and 
Random effects 

18 Abdouli and 
Hammami (2017), 
Tunisia 

1990–2012 17 MENA Diff GMM and Sys 
GMM  

Studies based on Carbon intensity and other than Foreign Direct Investment 
(FDI) 

19 Feridun, Ayadi, and 
Balouga (2006), 
Nigeria 

1992–1999 Nigeria OLS, GLS 

20 Tamazian et al. 
(2009), Spain 

1992–2004 BRICS, USA 
and Japan 

Static model 

21 Lin and Li (2011), 
China 

1981–2008 5 GMM 

22 Martínez-Zarzoso and 
Maruotti (2011), 
Germany 

1975–2003 88 GMM 

23 Sharma (2011), 
Australia 

1985–2005 69 Dynamic panel 
data 

24 Du, Wei, and Cai 
(2012), China 

1995–2009 Different 
States of 
China 

Static and Dynamic 
panel: LSDV and 
GMM 

25 Omri (2013), Tunisia 1990–2011 14 MENA 2SLS, 3SLS, GMM 
26 Kretschmer, Hübler, 

and Nunnenkamp 
(2013), UK 

1973–2005 80 GMM 

27 Rezza (2013), 
Norway 

1999–2005 Norway Fixed effect and 
Random effect 

28 Marconi and Sanna- 
Randaccio (2014), 
Italy 

1960–2006 Different 
States of 
China 

OLS  
10 Their study hypothesized the relationship between economic growth and 

environmental quality.  
11 Fixed and Random effect model results may be provided on request.  
12 Results of 2SLS model and test of endogeneity may be provided on request. 
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formation GFCF and openness policy in host country (Trade openness). 
These two instruments capture the degree of infrastructural develop-
ment and policy openness in host country and thus act as a factor 
influencing foreign capital inflows. We use Sargan test of over- 
identifying restrictions to assess the validity of our instruments and 
also report F-tests of joint instrument significance and Durbin Wu- 
Hausman for capturing endogeneity (Cole, Elliott, & Fredriksson, 
2006). One of the assumptions in a multiple linear regression model is 
that the explanatory variable must be uncorrelated with error term. If 
this assumption holds, then all explanatory variables are exogenous. 
However, if any explanatory variable is correlated with the error term, 
then such a variable is endogenous. Due to endogeneity, the estimates 
obtained from multiple equation models using ordinary least square 
method are biased and introducing the IV (instrumental variables) 
method provides a solution in such cases. 

We may also have more than one instrumental variable over an 
endogenous variable. In case of identically identified equations, the 
assumption that the instrument is uncorrelated with error term cannot 
be tested. When the number of instruments is greater than the number of 
endogenous variables, then the equation is said to be over identified. In 
case of over-identified models, the Hansen Sargan test statistic may be 
used to test the second assumption (Greene, 2008). 

Another potential problem of our study is endogeneity of some 
explanatory variables from simultaneity bias, measurement errors and 
risk of omitted variables. To address the issue of endogeneity, we need to 
introduce instrumental variables with the characteristics for instrument 
relevance condition (corr (IV, Xi) ∕= 0) and instrument exogeneity con-
dition (corr (IV, µi) = 0). After controlling for endogeneity and valid 
instrument, we further proceed with GMM methodology. The co-
efficients of our estimates are biased due to the existence of a correlation 
between the lagged variable (yi;t_1) and the error term (εit), or between 
(yi:t_1) and (εit) or also between (yi:t_1) and (εit) that leads to a lagged 
endogenous variable. To correct this biasness, we apply GMM in the 
second stage which instrumentalizes the explanatory variables by lagged 
values in level and first differences. Besides heterogeneity, endogeneity 
also affects the estimates, it is also very difficult to assume strict exo-
geneity for all explanatory variables. GMM estimations are applied to 
control for potential endogeneity of all explanatory variables. Arellano 
and Bond (1991), suggest instrumental variables as the lagged values 
(twice or more) of all right-hand side variables. 

De Andres and Vallelado (2008) found the results of OLS and fixed 
effect inconsistent and biased when unobserved effect is correlated with 
independent variable. The estimation procedure consists of the 
following steps: (1) specify the model, (2) include individual effect in the 
model by using differencing, (3) specify instruments (often lagged 
values of all variables in the model), (4) choose a method for adjusting 
standard errors to overcome heteroscedasticity, (5) use the Sargan test 
to determine if the instruments are suitable (test for over-identification 
restrictions). This methodology is suitable when number of years 
(considered in the study) is few and number of firms are large. In the 
dynamic panel data framework, the lagged dependent variable is highly 
correlated with panel-level effects and therefore it makes standard error 
estimation highly inconsistent and hence the OLS method of estimation 
cannot be used. Therefore, Arellano and Bond estimator is used. In this 
estimation, the equation is using first differencing in order to remove the 
unobserved fixed effects from the estimated models and then use in-
struments to form moment conditions. According to Blundell and Bond 
(1998), lagged level instruments used in Arellano and Bond estimator 
become weak if variance in panel-level effects to variance in idiosyn-
cratic effect becomes large. 

System GMM is the augmented version of GMM. According to 
Blundell and Bond (1998) lagged levels are often poor instruments for 

first differences, especially for variables that are close to random walk13. 
In this way, the original equations in levels can be added to the system, 
and additional moment conditions increase efficiency. In these equa-
tions, predetermined and endogenous variables in levels are instruments 
with suitable lags of their own first differences. The system GMM esti-
mator improves precision and also reduces the finite sample bias 
problem. 

Thus initially, the empirical model estimates the effect of FDI and 
other financial factors on carbon emissions using Eq. (2): 

Yit = c + αYi,t− 1 + β
∑J

j=1
Xj

it + γ
∑K

k=1
Zk

it + ηi + εit (2)  

where Y, is carbon emission and X is vector of independent variables and 
Z is vector of control variables and ηrepresents an unobserved firm ef-
fect. In next step, dynamic model equation can be re-written in the 
following differenced form by eliminating constant term and individual 
effect: 

ΔYit = c + αΔYi,t− 1 + β
∑J

j=1
ΔXj

it + γ
∑K

k=1
ΔZk

it + ηi + εit (3) 

First difference helps in eliminating biasness arising from time 
invariant unobserved heterogeneity and omitted variable biasness. The 
approach allows us to use explanatory variable as endogenous and uses 
lagged value (past value) of all variables as instruments. Thus the past/ 
lagged values of independent variables, carbon emission and controlled 
variables are used as instruments. Following Wintoki, Linck, and Netter 
(2012), the use of historical values of explanatory variables as instru-
ment, is an important aspect of dynamic panel estimator. Therefore the 
instrument will be drawn from dependent and explanatory variables 
that is Yt-k, Xt-k, Zt-k. And the assumption for valid instrument criteria is 
discussed in 2SLS section. 

After the first differencing the lagged variable must be exogenous i.e. 
the lagged variable must be uncorrelated with the error term in per-
formance (Wintoki et al., 2012). This is done by using lags of dependent 
variable, and we believe that the countries’ historical information does 
not affect the current governance system and firm characteristics. Thus, 
beyond the given period, the country’s history should be exogenous 
regardless of any shocks to the dependent variable in the current or 
future time period. Hence, GMM enables us to deal with endogeneity 
and unobserved heterogeneity that is associated with each firm and 
correlated with the rest of the explanatory variables. The model is tested 
on two critical specification tests. Both first-order (AR(1)) and second- 
order (AR(2)) autocorrelation are used. This test enables us to check 
whether enough lags have been used to control the dynamics of the 
empirical relationship. The residuals of the country difference (AR(1)) 
may be correlated but there should be no serial correlation in the second 
difference (AR(2)). This test assures the historical value of firm perfor-
mance beyond those lags is strictly exogenous to current performance 
shocks. Hansen/Sargan test of overidentification of restrictions is the 
second test used for a dynamic panel GMM. It enables us to test the 
validity of the multiple lags in instrument. In the end, the Wald test for 
the overall significance of the model is also used 

Arellano and Bond (1991) proposed the use of a lagged variable as an 
instrument in estimation of equation at first difference. Blundell and 
Bond (1998) and Arellano and Bover (1995) showed that lagged value of 
explanatory variables are weak instruments leading to biased results 
when the sample size is limited. They propose usage of system GMM 
which is more efficient than differenced GMM. Also, the validity of 
lagged instruments may be checked using Sargan’s over-identification 
test and we suggest also performing autocorrelation test for second- 

13 when the past movement or trend of a price or market cannot be used to 
predict its future movement. 

M. Singhania and N. Saini                                                                                                                                                                                                                    
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order errors. In this paper, we examine causality between CO2 emission, 
FDI inflows, economic growth, financial effectiveness and governance 
indicators using static and dynamic panel data estimations. Persson, 
Azar, and Lindgren (2006) highlight minimization of the economic cost 
of stabilizing the atmospheric concentration of CO2 by strict policy 
framework in the early and expansion stages of development of a 
country. 

At the initial level, we allow dynamic specifications where one 
period lagged levels of dependent variables may affect their current 
levels. As perusing Arellano and Bond (1991) and Arellano and Bover 
(1995) approach, we use instrumental variables to solve the endogeneity 
problem of the regressor and this avoids the estimation biases that arise 
due to the correlation between lagged dependent variable and error 
term when the ordinary least square method is used. 

4. Analysis and findings 

This section summarizes the result and discussions based on econo-
metric models as suggested in Eq. (1). Tables 2–4 report GMM and 
system GMM results. This study estimates the Static14,15 and dynamic 
panel data models using differenced GMM and system GMM on overall 
samples. We use one lag value of dependent variable, reflecting the idea 
that countries with high emissions in past years would continue to have 
high emissions over time. Besides, the significance of lag helps the model 
to account for the dynamics of data over time and hence improves the 
consistency of other variables (Bond, 2002). For determining the 
applicability of EKC hypothesis, linear and quadratic term of GDP is used 
to determine the presence or absence of EKC hypothesis. Energy use is an 
important variable for carbon emissions and this variable has been 
extensively used in literature. Carbon emissions arise out of high energy 
usage and this supports Hypothesis 2 of income-FDI-energy nexus. 
Through VIF statistics, it was found that energy use and carbon emis-
sions were highly correlated and shows the direct link between energy 
consumption and carbon emissions. Energy use has been included as a 
proxy of economic development activities where positive sign denotes 
environmental degradation due to highly polluting carbon emitter fossil 
fuels (used in manufacturing sector) and negative sign suggests the 
emergence of cleaner resources and upgraded technological resources 
(through supportive service sector) including wind, solar, nuclear and 
other clean energy options (the structural change in the economy via 
composite effect). Many studies on EKC hypothesis, consider government 
regulation and a strong institutional framework as basic requirements 
for ensuring environmental protection (Marconi & Sanna-Randaccio, 
2014; Rezza, 2013; Tamazian & Rao, 2010; Tamazian, Chousa, & 
Vadlamannati, 2009). In light of this, we use institutional factors to 
study the influence of governmental regulations on environmental 
degradation, a positive sign of institutional factor indicating the pres-
ence of liberal environmental policies in host countries and supporting 
Hypothesis 1 (relating to liberal institutional factors vs. carbon emis-
sions). The negative sign of research and development coefficient 
directing towards the urgent need for high innovative and green policy 
implementation in production process to minimize carbon emissions 
(Xie, Huo, & Zou, 2019). The positive sign of the FDI coefficient in-
dicates environmental degradation and high carbon emissions, sup-
porting the pollution haven hypothesis (Hypothesis 2) (Grimes & 
Kentor, 2003; Zhang, 2008; Baek & Koo, 2009, Tamazian & Rao, 2010). 
While FDI is considered as a growth engine of economic development, 
especially in developing countries, the focus needs to be on attracting 
clean and energy-efficient industries through FDI. Such type of policy 
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14 Static model results including Fixed effect and Random effect (for overall 
sample, developed country and developing country), and these results may be 
provided at request. 
15 2SLS results (for overall sample, developed country and developing coun-

try) may be provided on request. 
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has the potential to improve environmental health while enhancing the 
economic growth of the host country. If the estimated coefficient of 
energy is found to be positive and significant, it indicates the detri-
mental impact of energy-intensive production to environmental health 
(Lee, 2009; Omri, 2013; Tamazian & Rao, 2010). The magnitude of the 
coefficient of energy consumption suggests that increased levels of 
pollution are attributable to higher consumption of energy. Hence, the 
findings suggest the need for countries to focus on adopting energy- 
saving and environment friendly skills. 

The findings of the study are divided into three sub-sections namely 
all countries sample, findings of developed countries and finally of 
developing countries. The study started with static panel data modelling 
having six different models. We find the existence of EKC hypothesis for 
all models where GDP is positive and significant while the square term of 
GDP is found to be negative and significant to carbon emissions (Rashid, 
2009; Liang, 2008; Panayotou, 1997; He & Richard, 2010). The positive 
coefficient of FDI supports the pollution haven hypothesis and, the 
interaction term of institutional framework with FDI inflows is negative 
and significant, implying countries with a high institutional framework 
have fewer carbon emissions due to the presence of strict regulatory 
norms which support the pollution halo hypothesis (Tamazian et al., 
2009; Aliyu, 2005; Hoffmann et al., 2005). Similar type of behaviour 
was observed in trade openness as well, which signifies that FDI and 
trade intensity is more sensitive towards the institutional policy 
framework of the host country. However, panel OLS provides signifi-
cantly better results if the model is free from endogeneity and simulta-
neous biasness. The introduction of instrumental variables may reduce 
the problem of endogeneity. Hence, 2SLS panel regression is used where 
Durbin-Wu-Hausman statistics states that there exists endogeneity and 
the J-test fails to reject the null hypothesis of over-identification of re-
strictions in instrumental variables. The results of 2SLS are quite similar 
to static model results in terms of accepting EKC hypothesis. The FDI, FD 
and trade openness are major determinants of carbon emissions, but 
interaction term of institutional framework with FDI and trade openness 
respectively shows a negative association with carbon emissions (Baek & 
Koo, 2009; Ren, Yuan, Ma, & Chen, 2014a, 2014b; Tamazian et al., 
2009). 

Table 2, represents the result of GMM and system GMM. The first lag 
of dependent variable is found to be significant and positive, which 
shows the presence of persistence effect in carbon emissions. In other 
words, current year emissions are significantly related to past year 
emissions and thus EKC hypothesis holds true. FDI, FD and trade 
openness are found to be negative and significantly related to environ-
mental degradations. The post estimation tests of AR (1) and AR (2) 
signify the absence of first order and second-order autocorrelation. The 
Hansan J test is the test of overidentification of restrictions of in-
struments used in the model, where we fail to reject the null hypothesis 
that instruments under these models are correctly specified. 

In case of developed countries, we failed to find the presence of EKC 
hypothesis; rather we found a U-shape relationship between income and 
carbon emissions. High research and development expenditure and 
financial development lower the carbon emissions. The results of 2SLS 
are presented, which are almost similar to findings of static model. 
Research and development expenditure, trade intensity and institutional 
framework show a negative association. This shows that developed 
countries are more inclined to research and development towards 
innovative and green products, supporting export and imports of such 
products and also aspire for strict environmental norms through insti-
tutional framework policies. The strict environmental institutional pol-
icies control carbon emissions and trade policies are also aligned to the 
same objective. The post hoc16 analysis supports the presence of endo-
geneity in the model. To overcome this, we introduced the instrumental 

variables. The Hansen J-test supports the introduced instruments as 
valid instruments. The results of GMM and system GMM are presented in 
Table 2, where the lag of dependent variables is found to be significant. 
EKC hypothesis holds true only in system GMM models. The results for 
financial development and institutional framework showed a negative 
association with environmental degradations in dynamic panel data 
models. 

We found evidence of EKC hypothesis being accepted in all models 
(Tables 2 and 4). The institutional framework has a significant positive 
coefficient, implying that the lack of institutional framework policies in 
developing countries leads to the pollution haven hypothesis (Table 4). 
However, we do not find the effect of FDI on environmental sustain-
ability in case of developed countries (Table 3). The results of 2SLS 
model showed EKC hypothesis as an inverted U-shape. Financial 
development and financial assistance lead to lower carbon emissions 
due to green credits on consumer goods (Tables 2 and 3). The institu-
tional policy framework leads to high environmental degradation 
(rejecting hypothesis 3) due to positive and significant association with 
carbon emissions (Tables 2 and 4), but in case of developed countries, it 
seems to have negative impact on environmental degradation (Table 2, 
Model 3 and 4). Contrary to developed countries, research and devel-
opment expenditure, in case of developing countries, does not have a 
significant negative impact on carbon emissions. It can unfold to have 
high research activities in developing countries for green and environ-
mentally friendly products. FDI with a significant positive impact on 
carbon emissions follows pollution haven hypothesis due to liberal 
institutional framework in developing countries (Table 4). Trade in-
tensity is found to be positive towards carbon emissions, giving legiti-
macy to Government’s sustainable development efforts in promoting 
green technology products and regulations in developed countries 
(Table 3, Model 5, 6, and 8). The lag of dependent variable is found to be 
statistically significant and shows that persistence effect is present 
(Tables 2–4). The EKC hypothesis is found to be true in dynamic panel 
models as well. In developing countries, sample institutional framework 
and FDI are positively related to environmental degradations in favour 
of pollution haven hypothesis (Table 4). However, the interaction term 
of the institutional policy framework and FDI have a significant negative 
impact on carbon emissions, signifying strict environmental laws that 
lead to green foreign capital inflows in host countries (Table 4). 

Narayan, Saboori, and Soleymani (2016) suggest two alternative 
approaches to estimate EKC hypothesis (without the inclusion of 
squared term of income) in the given data set by comparing short-run 
and long-run income elasticity and cross-correlation estimates to un-
derstand how economic growth and carbon emissions are related to each 
other. Future studies must validate the effectiveness of EKC hypothesis 
by using the aforementioned approaches suggested by the elasticity 
method mentioned in Narayan, Narayan, and Popp (2010) and cross- 
correlation method mentioned in Narayan et al. (2016). 

5. Policy implications of research 

The Pollution Haven hypothesis is investigated, which though widely 
researched in economics, has considerable gaps in international business 
literature. Our contribution to existing literature includes the nexus 
between foreign capital inflows, institutional framework and financial 
development of host countries within pollution haven hypothesis. The 
theoretical framework we employ has rarely been used in previous re-
searches in international business, to the best of our knowledge. Also, 
financial development plays an important role in environmental dis-
closures of developing countries. Higher levels of FDI help achieve lower 
per capita carbon emission provided there is a strong institutional 
framework in place. Government and policymakers may assist in envi-
ronmental disclosures by establishing stringent policies and institutional 
structures and thereby reducing greenhouse gas emissions. They may 
incentivize developing projects involving the adoption of new technol-
ogy leading to a less carbon-intensive economy. 

16 After running the model, some post estimations are required to be done to 
check the efficiency and consistency of the estimated model. 
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A mandatory policy development is proposed at macro and micro 
levels whereby four main stakeholders namely government, multina-
tional companies, public finance system and energy sector countries 
take the lead in promoting environmental sustainability (Fig. 1). The 
government needs to propose legal and non-legal barriers by introducing 
carbon taxation on polluting units and tax exemption on cleaner units. 
Government intervention is recommended in production process of 
domestic and foreign entities by encompassing the legal and non-legal 
barriers towards heavy polluters and to encourage technical, social 
and financial linkages through pollution control measures. (Zhu et al., 
2016). Further, population size needs to be reduced for maintaining 
environmental health in developing countries. A tailor-made carbon 
emissions policy needs to be built across low emissions and high emis-
sions countries. Our insights may be used as an impetus to existing 
studies and future studies in linking corporate governance (traditional 
reporting structural aspects) with environmental reporting (Kolk, 2005; 
Halme & Huse, 1997). 

Multinational companies should be required to adopt a strict 
disclosure index on environmental and social dimensions. Many devel-
oping countries like Brazil, South Africa, Argentina and Indonesia have 
adopted numerous environment and social practices as mandatory dis-
closures for companies within their geographical boundaries (Robeco 
SAM, 2019). With a stringent institutional framework, foreign investors 
usually export clean technology to host countries, resulting in a 
pollution-free environment. High FDI in industrial and production sector 
with public–private partnership (PPP) encourages environment-friendly 
process and green supply chain management to an effective and efficient 
public finance system (Ansari, Khan, & Ganaie, 2019). Apart from this, 
we propose tapping of alternative sources of cleaner energy. Countries 
rich in renewable energy resources are encouraged to adopt clean 
technology using biofuel, wind energy and solar energy in their pro-
duction process. Investigating renewable resources may offer opportu-
nities to reduce usage of fossil fuel energy (Charfeddine & Kahia, 2019). 
Increasing public awareness of hazardous waste and polluting industries 
is imperative for sustainable development. The use of suggestive per-
forma in the form of Statement of Environmental Disclosures while 
looking for entry, expansion and financial assistance in host/home 

country is also proposed (Table 5). It will help in the implementation of 
mandatory stakeholders’ policy development. Further, selective 
mandatory propositions are considered in determining role of green-
house gas emissions in host/home country environments, which have 
never been tested in empirical literature. The itemized instrument for 
measuring implementation of environmental disclosure index may be 
used as a benchmark by companies to improve their mandatory disclo-
sures. This may also be used by accounting and regulatory bodies to 
develop specific guidelines/standards for reporting such items as well. 

6. Summary and conclusion 

The role of financial development, FDI and institutional framework 
on environmental degradation is examined. Additionally, the validity of 
EKC hypothesis is investigated in sample countries. We contribute to 
literature by considering FDI as a tool to develop a mechanism for sus-
tainable development which may be further decomposed into scale, 
technique and composition effects. Also, value is added to the method-
ology part by considering endogeneity and unobserved heterogeneity in 
the model. Differenced and system GMM is used to study the impact of 
foreign capital inflows on environmental sustainability and used to 
capture unobserved effect and endogeneity in data. The existing litera-
ture is largely unexplored for lagged implications of carbon emission 
(dependent variable). The selected dataset comprised of 20 countries 
(developed and developing countries) over the period of 1990 to 2016. 
The study started with pooled panel data regression, which then moved 
to fixed and random effect model, thereafter 2SLS model and finally 
control endogeneity and unobserved heterogeneity by difference and 
system GMM approach. 

The existence of EKC hypothesis is found in developing countries 
with evidence of pollution haven hypothesis. The FDI support to sus-
tainability is explained by providing green finance. While traditionally 
capital flows moved in search of arbitrage process and interest rate 
differential, in the twenty-first century, capital flows from developed to 
developing countries in search of environmental, social and governance 
sustainability to achieve sustainable business goals. Though, trade in-
tensity and carbon emissions have significant positive impact in 

Fig. 1. Perspective on Stakeholders’ Policy Development at Macro and Micro Level.  
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developed countries, a positive impact of scale effect17 on environ-
mental degradation is also found for all sample countries. In developing 
countries too, the scale effect is found to be positively associated with 
environmental degradation indicating absence of a strict institutional 
framework. Technique effect suggests research and development and 
improvements in technology have a negative effect on environmental 

degradation and thus high research and development activity is an 
effective mechanism for reducing pollution (Bruvoll & Medin, 2003; 
Dinda, 2004; Ahangari & Moradi, 2014). The institutional framework 
has a significant positive impact on interaction with trade openness, 
financial development and foreign capital inflows respectively on 
environmental quality. Globalization has become an integral part of 
sustainability because capital inflows have become relevant to EKC 
hypothesis. Financial development and institutional framework provide 
opportunity to use new technology with a clean and environment- 
friendly production process (Birdsall & Wheeler, 1993; Frankel & 
Rose, 2002) following technique effect framework18. It assists policy-
makers in framing decisions related to FDI, such governments focus 
sustainable FDI inflows on service sector or cleaner technology (Sapkota 
& Bastola, 2017). 

Since FDI inflows improve economic performance and enable further 
access to foreign capital, countries must engage such capital in energy 
efficient and green production processes. Policymakers should aim to 
facilitate the transfer of efficient and latest technology for a speedy 
transfer of environmentally friendly technologies to reduce their level of 
emission and achieve a cleaner environment. Environmental collabo-
ration is an indispensable dimension and the foundation of economic 
and civil advancement leading to environmental sustainability (Gölgeci, 
Gligor, Tatoglu, & Arda, 2019; Shahbaz, Nasreen, Abbas, & Anis, 2015). 

Countries should adopt existing scientific research systems and ad-
vancements in science, and technology should focus more on the 
development and utilization of new technologies to enhance industrial 
energy efficiency in reducing carbon emissions. Carbon tax may be 
applied on industries using obsolete methods of production leading to 
higher carbon emissions. Also, countries need to explore carbon- 
reducing technology that lead to zero-carbon intensity and efforts 
should be made to develop a value-added and low carbon-intensive 
service sector. Policy interventions are needed to change the quality of 
trade intensity from high to low carbon industry through extensive steps 
for innovative, technology-led and environmentally friendly industries. 

Policymakers of developing countries need to enhance institutional 
infrastructure in short term to achieve green growth in future. The 
inverted U-shape relationship (of EKC hypothesis) materializes with a 
combination of other factors such as trade openness, financial devel-
opment, FDI and institutional framework. To encourage high production 
and employment, developing countries strongly encourage FDI and 
attract polluting industries. However, EU industries are based on clean 

FDI inflows for home companies and follow pollution haven hypothesis 
while investing in other countries. Therefore, pollution decreases in 
developed countries and increases in developing countries. The positive 
effect of institutional quality shows that good institutions affect not only 
economic development but also environmental degradation. We suggest 
policy measures must be taken to mitigate the adverse effect of carbon 

Table 5 
Statement of Environmental Disclosures and Green Practices (Sample Performa).  

S. 
No. 

Environmental Disclosures 
Indicators at firm level granting 
them entry and providing financial 
benefits 

Current 
Year 

Previous 
Year 

% 
Change 

1 Expenditure on Commitment 
towards Green supply chain 
management    

2 Expenditure on Support from Green 
supply chain management      
a. Environmental audit for 

suppliers’ internal management      
b. Supplier environmentally 

friendly practice evaluation      
c. Selection of Suppliers using 

environmental criteria      
d. Environmental friendly 

packaging of raw material by 
supplier    

3 Expenditure on Total Quality 
Environment Management    

4 Number of Environmental and 
Auditing Programs    

5 Tracking Environmental information     
a. Energy Used     
b. Water Used     
c. Air Emissions per ton     
d. Solid and Water waste per tonne/ 
litre    

6 Environmental opportunity     
a. Opportunity in Renewable Energy     
i. Wind Energy     
ii. Solar Energy     
iii. Hydro-Energy     
b. Opportunities in Clean Tech 
Opportunities in Green Building     
i. Energy efficiency     
ii. Innovative methods of clean 
production    

7 Eco-Design Strategies      
a. Products for reduced 

consumption of material/energy      
b. Design of products for reuse, 

recycle, recovery of material, 
component parts      

c. Design of processes for 
minimization of waste     

Table A1 
Descriptive statistics of Variables under study.       

Quartiles  

Variable n Mean S.D. Min Q1 Q2 Q3 Max 

lCO2 420  1.93  0.79 − 0.1  1.59  2.08  2.41  3.57 
lGDP 420  9.78  1.22 6.49  8.85  10.47  10.7  11.25 
lFD 377  4.54  0.7 2.61  4.21  4.67  4.97  11.55 
lFDI 401  23.53  1.59 17.37  22.53  23.63  24.66  26.95 
lT 415  − 0.55  0.71 − 2.08  − 0.96  − 0.63  − 0.18  1.39 
lE 420  8.01  0.76 5.97  7.67  8.21  8.5  9.4 
lIF 420  2.59 0  0.42 1.47  2.3  2.75  2.96  3.05 
lR&D 304  0.28  0.72 − 3.05  − 0.01  0.46  0.79  1.22  

17 Increase in the level of production process leads to higher carbon emission, 
i.e. high GDP leads to high environmental degradation. 

18 Use of green and advanced technology towards environmental 
sustainability. 
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emissions in environment by increasing use of biodiesel fuel, investing in 
alternative energy resources such as solar and wind energy and 
encouraging green investments (Apergis & Payne, 2014). FDI spillovers 
were found to have a positive effect on carbon emissions in all countries. 
Countries attracting FDI should focus on high technology innovation 
systems for preserving the environmental dimensions of host countries. 
This requires a strict environmental access system and preventing 
resource-intensive and pollution-intensive investment through foreign 
capital inflows. We propose a mandatory adoption and disclosures of 
environmental measures adopted by host companies where foreign 
funds are being infused to enable sustainable development. Developing 
countries should focus not only on the number of foreign capital inflows 
but also on the quality of foreign capital inflows and encourage domestic 
companies to learn progressive technology. Finally, policymakers must 
strengthen their supervisory and management responsibilities towards 
the implementation of low carbon-intensive led investment 
development. 

Appendix A 

See Table A1–A3. 
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