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Abstract
Foreign direct investment (FDI) flows from developed to developing countries may increase carbon emissions in developing 
countries as developing countries are seen as pollution havens due to their lenient environmental regulations. On the other 
hand, FDI flows from the developed world may improve management practices and advanced technologies in developing 
countries, and an increase in FDI flows reduces carbon emissions. Most of the existing studies examine the relationship 
between FDI flows and carbon emissions by using aggregate FDI flows; however, this paper contributes to the literature by 
analyzing the impact of FDI flows on carbon emissions in Brazil, Russia, India, China, and South Africa (BRICS) between 
1993 and 2012 using bilateral FDI flows from eleven OECD countries. According to our empirical results, from which 
OECD country FDI flows to BRICS countries matters for carbon emissions in BRICS countries. Our results confirm that 
FDI flows to BRICS countries from Denmark and the UK increase carbon emissions in BRICS countries, confirming the 
pollution haven hypothesis. On the other hand, FDI that flows from France, Germany, and Italy reduced carbon emissions in 
the BRICS countries, confirming the pollution halo effect. FDI flows from Austria, Finland, Japan, Netherlands, Portugal, 
and Switzerland have no significant impact on carbon emissions in BRICS countries. The BRICS countries should promote 
clean FDI flows by reducing environmental damages, and investing countries should be rated based on their environmental 
damage in the host countries.

Keywords  Foreign direct investment · Pollution haven hypothesis · Pollution halo effect · OECD countries · BRICS 
countries

Introduction

Economic growth, access to energy, and action for climate 
change have been some of the priority areas for sustainable 
development and are integral parts of the United Nations’ 
Sustainable Development Goals. However, the movement of 
foreign direct investment (FDI) from developed to develop-
ing countries due to less strict environmental laws, cheap 
labor, and natural resources continue to pressure the climate 
change goals. Even though FDI flows to the developing 
countries lead to knowledge spillovers (Branstetter 2006; 
Xu and Sheng 2012; Paul and Feliciano-Cestero 2021), 
improved institutional quality in some regions in the host 
country (Long et al. 2015), and economic growth (Osei and 
Kim 2020), FDI flows to these countries also increase envi-
ronmental degradation in developing countries (see, e.g., 
Hanif et al. 2019, Nawaz et al. 2021; among many others; 
see also below for further discussion).
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The pollution haven hypothesis (PHH) argues that due 
to weak environmental regulations in host countries, some 
industries with high contamination and consumption levels 
will be transferred from other countries through FDI and 
trade, causing a significant increase in pollutant emissions 
(see, e.g., Savona and Ciarli 2019; Stef and Jabeur 2020). 
Most existing studies find a positive association between FDI 
flows and environmental degradation, which suggest a con-
firmation of the PHH (see, e.g., Sapkota and Bastola 2017; 
Hanif et al. 2019; Salehnia et al. 2020; among others). How-
ever, recent studies argued that FDI flows could also reduce 
CO2 emissions due to improvements in management practices 
and technologies (see, e.g., Zhu et al. 2016; Huang et al. 2017; 
Wang et al. 2019). FDI flows reducing environmental damage 
is known as the pollution halo effect (PHE). Finally, a stream 
of literature found no significant relationship between FDI 
flows and environmental degradation (see, e.g., Shao et al. 
2019; Danish and Ulucak 2022). A detailed summary of more 
recent literature on the relationship between FDI and environ-
mental quality is presented in Table 1.

Brazil, Russia, India, China, and South Africa (BRICS) 
are the fastest growing economies in the world, accounting 
for 42% and 24% of the world’s population and production 
(GDP), respectively, and 45% of the world’s CO2 emissions 
in 2018 (World Bank 2021). Economic growth and heavy 
reliance on fossil fuels during the production process make 
BRICS countries the most significant contributors to CO2 
emissions and climate change (Chaudhry et al. 2022; Khan 
et al. 2020; Shao et al. 2019). Therefore, examining the 
impact of FDI flows on CO2 emissions in BRICS countries 
is essential.

The existing studies examining the PHH for the BRICS 
countries employ panel data or time series methods. Those 
using panel data methods find either support for the PHH 
(Balsalobre-Lorente et al. 2022a; Chaudhry et al. 2022; 
Khan et al. 2020; Rana and Sharma 2019; Ren et al. 2014; 
Wang and Chen 2014; Zakarya et al. 2015) or no support 
for the PHH (Shao et al. 2019; Danish and Ulucak 2022) or 
support PHE (see, e.g., Tamazian et al. 2009; Wang et al. 
2019). By contrast, PHH is tested using time series or spatial 
methods for each BRICS country. Using the autoregressive 
distributed lag cointegration (ARDL) approach, Sun et al. 
(2017) provide support for the PHH in China. However, 
Huang et al. (2017) find evidence for the PHE when Chinese 
provincial data is used through spatial econometric methods. 
In sum, depending on the methodology employed and the 
period analyzed, there is a mixed set of findings on the effect 
of FDI flows on CO2 emissions in BRICS countries.

More recent literature exploring the PHH and PHE aims 
to explore more disaggregated data by examining provincial 
data and bilateral trade flows. For example, Ahmad et al. 
(2021) document that FDI flows heterogeneously influenced 
CO2 emissions across Chinese provinces. For different 

regions of China, either PHH or PHE was confirmed, which 
verifies the presence of aggregation bias. On the other hand, 
Cai et al. (2018) calculated the carbon emissions due to 
exports and imports in China and highlighted that China 
had become a pollution haven for 22 developed countries, 
while 19 developing countries have become China’s pollu-
tion haven. As highlighted by Ahmad et al. (2021), the stud-
ies that employ aggregate FDI flows in their analysis may 
suffer from aggregation bias. Therefore, this study examines 
the impact of FDI flows on CO2 emissions in BRICS coun-
tries between 1993 and 2012 using bilateral FDI flows from 
eleven OECD countries to BRICS countries.

This paper aims to contribute to the literature in various 
ways. Firstly, rather than using aggregate FDI flows to exam-
ine the impact of FDI flows on carbon emissions in BRICS 
countries, we use disaggregated FDI flows to investigate 
whether there is any support for PHH or PHE depending 
on which OECD country FDI flows to BRICS counties. For 
instance, Sun et al. (2017) illustrate that China is a pollution 
haven when the aggregate FDI flows to China are examined. 
However, it is possible that the FDI flows from some coun-
tries may lead to technological improvements and confirm 
PHE. Alternatively, some other countries may consider 
BRICS countries as pollution havens and FDI flows from 
these countries may increase CO2 emissions in BRICS coun-
tries. Therefore, we overcome the potential aggregation bias 
by using bilateral FDI flows to BRICS countries. Secondly, 
by using disaggregated FDI flows data, we can shed light on 
why existing studies may have found mixed results about the 
impact of FDI flows on CO2 emissions in BRICS countries. 
Thirdly, some of the existing studies do not tackle the poten-
tial endogeneity problem. However, endogeneity is a serious 
concern as some studies found that CO2 emissions in BRICS 
countries may lead to higher FDI flows (e.g., Shao et al. 2019). 
Therefore, this paper employs a general method of moments 
(GMM) to account for potential endogeneity and does not 
suffer from biases that arise due to the endogeneity problem.

The remainder of the paper is organized as follows. 
“Methodology” section provides details of the method-
ology and data. “Empirical analysis” section offers the 
empirical findings, and “Robustness analysis” section 
provides robustness analysis. Finally, “Conclusions and 
policy implications” section provides conclusions and 
policy recommendations.

Methodology

Model and variables

The goal is to explore the role of net FDI inflows from each 
selected OECD country in explaining the CO2 emissions in 
the BRICS countries. The model specification yields:



Environmental Science and Pollution Research	

1 3

Ta
bl

e 
1  

L
ite

ra
tu

re
 re

vi
ew

 o
n 

PH
H

 a
nd

 P
H

E

Li
te

ra
tu

re
M

et
ho

ds
Sa

m
pl

e
Pe

rio
d

Fi
nd

in
gs

A
hm

ad
 e

t a
l. 

(2
02

1)
D

yn
am

ic
 c

om
m

on
 c

or
re

la
te

d 
eff

ec
ts

 m
ea

n 
gr

ou
p 

m
et

ho
d

C
hi

ne
se

 p
ro

vi
nc

es
19

98
–2

01
6

Su
pp

or
t f

or
 P

H
E 

an
d 

PH
H

 fo
r d

iff
er

en
t p

ro
v-

in
ce

s
A

ss
am

oi
 e

t a
l. 

(2
02

0)
A

ut
or

eg
re

ss
iv

e 
di

str
ib

ut
ed

 la
g 

co
in

te
gr

at
io

n 
(A

R
D

L)
C

ot
e 

d’
Iv

oi
re

19
80

–2
01

4
Su

pp
or

t P
H

H

B
al

sa
lo

br
e-

Lo
re

nt
e 

et
 a

l. 
(2

02
2a

)
D

yn
am

ic
 o

rd
in

ar
y 

le
as

t s
qu

ar
es

 (D
O

LS
) a

nd
 

fu
lly

 m
od

ifi
ed

 O
LS

 (F
M

O
LS

)
B

R
IC

S 
co

un
tri

es
19

90
–2

01
4

Su
pp

or
t P

H
H

B
al

sa
lo

br
e-

Lo
re

nt
e 

et
 a

l. 
(2

02
2b

)
D

O
LS

 a
nd

 D
um

itr
es

cu
-H

ur
lin

 c
au

sa
lit

y 
te

st
Po

rtu
ga

l, 
Ir

el
an

d,
 It

al
y,

 G
re

ec
e,

 a
nd

 S
pa

in
19

90
–2

01
9

Su
pp

or
t P

H
H

B
eh

er
a 

an
d 

D
as

h 
(2

01
7)

C
oi

nt
eg

ra
tio

n 
te

sts
17

 S
ou

th
 a

nd
 S

ou
th

ea
st 

A
si

an
 c

ou
nt

rie
s

19
80

–2
01

2
Su

pp
or

t P
H

H
C

ae
ta

no
 e

t a
l. 

(2
02

2)
Pa

ne
l A

R
D

L
15

 O
EC

D
 c

ou
nt

rie
s

20
05

–2
01

8
Su

pp
or

t b
ot

h 
PH

H
 a

nd
 P

H
E 

fo
r d

iff
er

en
t c

ou
n-

tri
es

 a
nd

 in
du

str
ie

s
C

ai
 e

t a
l. 

(2
01

8)
In

pu
t–

ou
tp

ut
 a

na
ly

si
s

66
 c

ou
nt

rie
s

20
13

Su
pp

or
t f

or
 P

H
H

 fo
r s

om
e 

co
un

tri
es

, a
nd

 d
oe

s 
no

t s
up

po
rt 

PH
H

 fo
r s

om
e 

ot
he

r c
ou

nt
rie

s
C

ha
ud

hr
y 

et
 a

l. 
(2

02
2)

D
yn

am
ic

 c
om

m
on

 c
or

re
la

te
d 

eff
ec

ts
 (D

C
C

E)
B

R
IC

S 
co

un
tri

es
19

95
–2

01
9

Su
pp

or
t P

H
H

D
je

llo
ul

i e
t a

l. 
(2

02
2)

Pa
ne

l A
R

D
L

20
 A

fr
ic

an
 c

ou
nt

rie
s

20
00

–2
01

5
Su

pp
or

t P
H

H
G

or
us

 a
nd

 A
sl

an
 (2

01
9)

Pa
ne

l d
yn

am
ic

 o
rd

in
ar

y 
le

as
t s

qu
ar

es
M

EN
A

 c
ou

nt
rie

s
19

80
–2

01
3

Su
pp

or
t P

H
H

G
uz

el
 a

nd
 O

ku
m

us
 (2

02
0)

C
C

EM
G

 a
nd

 a
ug

m
en

te
d 

m
ea

n 
gr

ou
p 

(A
M

G
)

In
do

ne
si

a,
 M

al
ay

si
a,

 P
hi

lip
pi

ne
s, 

Si
ng

ap
or

e,
 

an
d 

Th
ai

la
nd

19
81

–2
01

4
Su

pp
or

t P
H

H

H
an

if 
et

 a
l. 

(2
01

9)
A

R
D

L
15

 A
si

an
 d

ev
el

op
in

g 
co

un
tri

es
19

90
–2

01
3

Su
pp

or
t P

H
H

H
ua

ng
 e

t a
l. 

(2
01

7)
Sp

at
ia

l D
ur

bi
n 

m
od

el
C

hi
ne

se
 p

ro
vi

nc
es

20
01

–2
01

2
Su

pp
or

t f
or

 P
H

E
K

ha
n 

et
 a

l. 
(2

02
0)

C
om

m
on

 c
or

re
la

te
d 

eff
ec

t m
ea

n 
gr

ou
p 

(C
C

EM
G

) a
nd

 fu
lly

 m
od

ifi
ed

 le
as

t s
qu

ar
es

 
(F

M
-L

S)

B
R

IC
S 

co
un

tri
es

19
86

–2
01

6
Su

pp
or

t P
H

H

M
ah

ad
ev

an
 a

nd
 S

un
 (2

02
0)

Tw
o-

ste
p 

G
M

M
C

hi
na

 a
nd

 B
el

t a
nd

 6
4 

Ro
ad

 c
ou

nt
rie

s (
B

RC
s)

20
03

–2
01

4
Su

pp
or

t b
ot

h 
PH

H
 a

nd
 P

H
E

N
as

ir 
et

 a
l. 

(2
01

9)
D

O
LS

 a
nd

 F
M

O
LS

A
SE

A
N

-5
 c

ou
nt

rie
s

19
82

–2
01

4
Su

pp
or

t P
H

H
N

at
ha

ni
el

 e
t a

l. 
(2

02
0)

Q
ua

nt
ile

 p
an

el
 d

at
a 

an
al

ys
is

10
 c

oa
st

al
 M

ed
ite

rr
an

ea
n 

co
un

tri
es

19
80

–2
01

6
Su

pp
or

t f
or

 P
H

E
N

aw
az

 e
t a

l. 
(2

02
1)

Fu
lly

 m
od

ifi
ed

 o
rd

in
ar

y 
le

as
t s

qu
ar

e 
(F

M
O

LS
)

Pa
ki

st
an

, I
nd

ia
, B

an
gl

ad
es

h,
 a

nd
 S

ri 
La

nk
a

19
90

–2
01

8
Su

pp
or

t P
H

H
Pa

o 
an

d 
Ts

ai
 (2

01
1)

C
oi

nt
eg

ra
tio

n 
te

sts
 a

nd
 G

ra
ng

er
 c

au
sa

lit
y

B
R

IC
 c

ou
nt

rie
s

19
80

–2
00

7,
 

19
92

–2
00

7 
fo

r 
Ru

ss
ia

Su
pp

or
t P

H
H

R
an

a 
an

d 
Sh

ar
m

a 
(2

01
9)

D
yn

am
ic

 m
ul

tiv
ar

ia
te

 T
od

a-
Ya

m
am

ot
o 

(T
Y

) 
ap

pr
oa

ch
In

di
a

19
82

–2
01

3
Su

pp
or

t P
H

H

Re
n 

et
 a

l. 
(2

01
4)

G
M

M
C

hi
na

20
00

–2
01

0
Su

pp
or

t P
H

H
Sa

la
hu

dd
in

 e
t a

l. 
(2

01
8)

Ve
ct

or
 e

rr
or

 c
or

re
ct

io
n 

m
od

el
 (V

EC
M

)
K

uw
ai

t
19

80
–2

01
3

Su
pp

or
t P

H
H

Sa
le

hn
ia

 e
t a

l. 
(2

02
0)

Pa
ne

l q
ua

nt
ile

 re
gr

es
si

on
14

 M
EN

A
 c

ou
nt

rie
s

20
04

–2
01

6
Su

pp
or

t f
or

 P
H

E
Sa

pk
ot

a 
an

d 
B

as
to

la
 (2

01
7)

Fi
xe

d 
an

d 
ra

nd
om

 e
ffe

ct
s m

od
el

s
14

 L
at

in
 A

m
er

ic
an

 c
ou

nt
rie

s
19

80
–2

01
0

Su
pp

or
t P

H
H

Sh
ao

 e
t a

l. 
(2

01
9)

Ve
ct

or
 e

rr
or

 c
or

re
ct

io
n 

m
od

el
 (V

EC
M

)
B

R
IC

S 
an

d 
M

IN
T 

co
un

tri
es

19
82

–2
01

4
N

o 
si

gn
ifi

ca
nt

 re
la

tio
ns

hi
p 

be
tw

ee
n 

FD
I a

nd
 

CO
2 

em
is

si
on

s i
n 

B
R

IC
S.

 S
up

po
rt 

PH
E 

in
 

M
IN

T 
co

un
tri

es



	 Environmental Science and Pollution Research

1 3

where CO2 is carbon emissions per capita, FDI denotes net 
FDI inflows from each OECD country to the BRICS coun-
tries, GDPY is GDP per capita, ENUSE shows energy use, 
TR denotes trade activities, POP is total population, URB-
POP denotes urban population, and REN is renewable energy 
consumption. The model also accounts for country and time 
fixed effects, αi and βt, respectively. In a panel framework, 
the error terms, v

i,t , are uncorrelated. They are assumed to be 
independently distributed across countries with a zero mean. 
To avoid the presence of potential endogeneity issues, we esti-
mate the dynamic panel data model using the general method 
of moments (GMM) estimation recommended by Arellano 
and Bover (1995) and Blundell and Bond (1998). The pres-
ence of endogeneity potentially could come through reverse 
causality between carbon emissions and any of the covariates. 
For instance, Shao et al. (2019) found that the CO2 emissions 
in BRICS countries explain the FDI flows and trade openness 
using the vector error correction model. Al-Mulali and Ozturk 
(2016) also found that the relationship between CO2 emissions 
and GDP per capita is bidirectional. Along the same lines, Tang 
and Tan (2015) found bidirectional causation between CO2 
emissions and energy consumption in Vietnam. Overall, the 
existing literature found reverse causality between carbon emis-
sions and other covariates. Therefore, we use the GMM esti-
mation method to tackle potential endogeneity problems (see 
also He 2006; Du et al. 2012; Ren et al. 2014; Li et al. 2016; 
Hove and Tursoy 2019; Mahadevan and Sun 2020; Singhania 
and Saini 2021, among others, for the use of GMM methods 
to overcome endogeneity problem when pollution is used as 
a dependent variable). In addition, the empirical analysis will 
use a non-causality test developed by Dumitrescu and Hurlin 
(2012). This test can be used when T > N (with T being the 
number of observations and N the number of countries consid-
ered), which is our case here. The corresponding Wald statistic 
is defined as follows: ZN,T = √N/2 K (WN,T − K), where K is the 
number of lags in the corresponding VAR model, and:

where Wi,T stands for the individual Wald statistical values 
for cross-section units.

Data

The data for all the variables, except bilateral FDI flows, are 
obtained from the World Development Indicators (World 
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Bank 2021). The bilateral FDI flows from eleven OECD to 
BRICS countries are obtained from OECD (2021) and are 
measured in US dollars. Bilateral FDI flows per capita are 
obtained by dividing aggregate bilateral FDI flows by the total 
population. The bilateral FDI flows data is available between 
1985 and 2013; however, most data before 1993 and 2013 
had missing values. Therefore, our analysis covers the period 
between 1993 and 2012 to capture as many OECD countries 
as possible in the study. The OECD countries used in this 
analysis are Austria, Denmark, Finland, France, Germany, 
Italy, Japan, Netherlands, Portugal, Switzerland, and the UK.

As a determinant of environmental degradation, the existing 
literature accounts for the population size (see, e.g., Wang et al. 
2015; Zhu et al. 2016), urbanization (see, e.g., Al-Mulali and 
Ozturk 2015; Anwar et al. 2022; Chien et al. 2022; Dong et al. 
2020; Hossain 2011; Murshed et al. 2021; Nadeem et al. 2020; 
Sarkodie and Ozturk 2020), trade openness (see, e.g., Al-Mulali 
and Ozturk, 2015; Hossain 2011; Kolcava et al. 2019; Le et al. 
2016; Lin, 2017; Shahbaz et al., 2017; Zhang, 2020), energy 
consumption and renewable energy consumption (see, e.g., 
Ambe 2021; Charfeddine and Kahia 2019; Chen et al. 2022; 
Godil et al. 2020; Rahman et al. 2022; Shahnazi and Shabani 
2021; Sharif et al. 2019; Usman and Balsalobre-Lorente 2022), 
and economic development or growth (see, e.g., Doğan et al. 
2022; Jahanger et al. 2022; Karahasan and Pinar 2022; Sharif 
et al. 2020a; Sharif et al. 2020b; Suki et al. 2020).

As our dependent variable, we use CO2, which is carbon 
dioxide emissions (measured in metric tons) per capita. We 
also use the following independent variables in our study. FDI 
denotes net FDI inflows per capita from the OECD country 
to the BRICS countries. GDPY is GDP per capita (constant 
2010 US$), ENUSE is the total energy consumption (meas-
ured in kg of oil equivalent) per capita. TR is the trade open-
ness measure, which is the sum of exports and imports as a 
percentage of GDP. POP is the total population of the respec-
tive BRICS country. URBPOP is the urban population and 
is measured as the percentage of the population living in the 
urban areas. Finally, REN is the renewable energy consump-
tion, which is measured as the renewable energy consumption 
as a percentage of total final energy consumption.

Table 2 offers the descriptive statistics for each variable 
and net FDI flows per capita from each OECD country to 
BRICS countries. For a given average year and BRICS 
country, net FDI flows per capita to BRICS countries were 
higher from the UK, France, Japan, and Germany (i.e., 
$1255, $426, $380, and $355, respectively), and were lower 
from Denmark, Finland, and Portugal (i.e., $27, $42, and 
$61, respectively).1 The urbanization rates also showed an 

increasing trend in each BRICS country. The percentages of 
the urban population were 76%, 73%, 26%, 29%, and 54% 
in 1993, and were 85%, 74%, 32%, 52%, and 63% in 2012 in 
Brazil, India, Russia, China, and South Africa, respectively. 
Similarly, there has been an increasing trend in trade open-
ness across all the BRICS countries. Renewable energy as a 
percentage of the total final energy consumption decreased 
in all of the BRICS countries between 1993 and 2012. The 
percentages of renewable energy consumption in the energy 
mix were 48%, 57%, 4%, 32%, and 19% in 1993, and were 
44%, 39%, 3%, 12%, and 11% in 2012 in Brazil, India, Rus-
sia, China, and South Africa, respectively. Furthermore, 
there has been a clear increasing trend in the CO2 emis-
sions per capita, GDP per capita, and energy consumption 
between 1993 and 2012.

Empirical analysis

This section examines the causal relationship between net 
FDI flows from each OECD country to BRICS countries 
and the CO2 emissions in BRICS countries. However, we 
first need to conduct some tests to identify the presence of 
cross-sectional dependence. Studies examining the factors 
contributing to CO2 emissions have extensively considered 
the potential cross-section dependence before their analysis 
(Churchill et al. 2018; Belaïd and Zrelli 2019; Dogan et al. 
2020; Munir et al. 2020, among others). Therefore, we first 
explore the degree of residual cross-sectional dependence 
through the cross-sectional dependence (CD) statistic pro-
posed by Pesaran (2004). The results are reported in Table 3, 
and we reject the null hypothesis of cross-sectional inde-
pendence for all the variables.

Next, a second-generation panel unit root test, the Pesaran 
(2007) panel unit root test, is used to determine the degree of 
integration of the respective variables. The null hypothesis 
suggests a presence of a unit root. The results are reported 
in Table 4 and support the presence of a unit root across all 
variables, and the non-stationarity of these variables in their 
first differences is rejected. Moreover, concerning the FDI 
flows from each OECD country to BRICS countries, the 
unit root test of the generalized least squares (GLS), recom-
mended by Elliott et al. (1996), is used and the results are 
shown in Table 4. The findings indicate that the respective 
variables are stationary in their levels.

Table 5 reports the baseline empirical results of the static 
GMM model. The regression analysis includes the same con-
trol variables (i.e., GDPY, ENERGYUSE, TRADE, POP, 
URBPOP, REN) and lagged CO2 emissions per capita in the 
BRICS countries. The only variable that varies across dif-
ferent columns of Table 5 is the FDI inflows per capita from 
each OECD country to the BRICS countries. Columns 1–11 
report the FDI flows from the respective OECD countries to 

1  To obtain a balanced data set, if FDI flows from OECD countries to 
BRICS countries were missing in a given period, average FDI flows 
between preceding and succeeding years are used to interpolate the 
missing data.
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the BRICS countries. The estimates document a negative and 
statistically significant impact of FDI flows on CO2 emissions 
in the BRICS countries if the FDI flows are from France, 
Germany, and Italy. The technical effect of the FDI flows from 
these countries (i.e., better management practices and environ-
ment-friendly technologies used in the production) dominates 
the factor endowment effects (Zugravu-Soilita 2017). How-
ever, the impact of FDI flows on CO2 emissions is positive 
and statically significant if FDI flows are from Denmark and 
the UK. The finding concerning FDI flows from the UK is in 
line with that recommended in the literature. Mulatu (2017) 
examines the UK-based multinational activity in 64 countries 
over the period 2002–2006 and finds that FDI flows from the 
UK target relatively more polluting industries in countries 
with lax environmental regulations. Finally, the effect of the 
FDI flows from Austria, Finland, Japan, Netherlands, Portu-
gal, and Switzerland on CO2 emissions is statistically insig-
nificant. These findings explain why current literature finds 
mixed results concerning the effect of FDI flows on environ-
mental degradation in the BRICS countries. As the existing 
research papers use aggregate FDI flows in their analysis, they 
suffer from aggregation bias (Ahmad et al. 2021).

Regarding the remaining determinants of CO2 emissions 
in BRICS countries, the estimates document that income 
per capita, energy use, trade, and urban population exert a 
positive and statistically significant impact on CO2 emis-
sions across most of the specifications. However, the popula-
tion size is insignificant in most of the specifications. These 
findings are in line with the current literature. Lagged CO2 

emissions are positive, which is the case for the literature 
using the GMM estimation methods (Ren et al. 2014; Li 
et al. 2016; Hove and Tursoy 2019; Singhania and Saini 
2021). CO2 emissions increase with the increased GDP 
per capita (Baloch et al. 2020; Chaudhry et al. 2022; Ren 
et al. 2014; Shao et al. 2019), trade openness (Rana and 
Sharma 2019; Ren et al. 2014), increased energy consump-
tion (Chaudhry et al. 2022; Khan et al. 2020; Li et al. 2016), 
increased urbanization (Al-Mulali and Ozturk 2015; Anwar 
et al. 2022; Behera and Dash 2017; Murshed et al. 2021; 
Nadeem et al. 2020), and decreased renewable energy con-
sumption (Balsalobre-Lorente et al. 2022b, a; Djellouli et al. 
2022; Murshed et al. 2021; Sharif et al. 2019).

Finally, specific diagnostics are also reported in Table 5. 
The AR(2) test results suggest that the null hypothesis is 
rejected, indicating no second-order serial correlation. Fur-
thermore, difference-in-Hansen is the test of the validity of 
GMM instruments. The difference-in-Hansen test rejects the 
null hypothesis, and therefore findings support the validity 
of the instruments used.

Robustness analysis

The dynamic model

This section repeats the baseline analysis, but the dynamic 
version of Eq. (1) is considered in which certain lags of the 

Table 2   Descriptive statistics

Total number of observations is 100

Mean Standard deviation Minimum Maximum

FDI flows from Austria 96.5 376.3  − 547.7 2606.4
FDI flows from Denmark 27.1 78.3  − 370.7 530.9
FDI flows from Finland 41.5 131.2  − 304.2 747.4
FDI flows from France 425.5 828.5  − 764.9 4866.2
FDI flows from Germany 354.6 1070.5  − 3362.2 6968.0
FDI flows from Italy 129.8 311.3  − 394.9 2083.9
FDI flows from Japan 379.9 611.7  − 47.4 4144.5
FDI flows from the Netherlands 260.0 724.8  − 1842.4 5212.9
FDI flows from Portugal 60.6 356.8  − 1220.6 2675.5
FDI flows from Switzerland 298.9 880.0  − 479.5 6930.7
FDI flows from the UK 1254.8 3061.9  − 2010.1 16,583.7
CO2 emissions (metric tons per capita) 4.9 3.7 0.7 12.3
GDP per capita (constant 2010 US$) 5522.0 3501.1 611.1 11,745.8
Energy use (kg of oil equivalent per capita) 1993.8 1470.5 364.5 5167.0
Trade openness 42.5 15.2 15.6 72.9
Population 549,732,129.1 531,726,681.9 39,633,754.0 1,350,695,000.0
Urban population 56.3 20.3 26.2 84.9
Renewable energy consumption 26.9 18.3 3.2 56.9
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controls covariates are used in the estimation. The number 
of lags is determined through the Akaike criterion. The new 
findings are reported in Table 6 and provide robust support 
to those reported previously. The analysis in Table 6 also 
includes the first lags of the FDI flows, GDP per capita, and 
trade openness in certain specifications. Lagged FDI flows 
from Denmark and the UK lead to increased CO2 emis-
sions, confirming the PHH. The coefficients of lagged FDI 
flows from France, Italy, and Germany are also negative and 
statistically significant, confirming the PHE. In contrast, the 
remaining results align with the ones reported in Table 5. 
Finally, the diagnostics tests confirm the validity of the 
instruments.

Panel non‑causality test

The panel non-causality test developed by Dumitrescu and 
Hurlin (2012) is performed in this part. Under the null 
hypothesis, it is assumed that there is no causality from one 
variable to another. Under the alternative hypothesis, there 
exists a causal relationship from one variable to another 
only for a subgroup of individuals, with the coefficients 
differing across groups.

The causality results are reported in Table 7. The cases 
of FDI flows from Austria, Denmark, Finland, France, Ger-
many, Italy, and the UK document univariate causality from 

FDI flows to CO2 emissions. For the remaining cases of FDI 
flows from the rest of the OECD countries, the non-causality 
hypothesis is accepted. In other words, the findings confirm 
the results obtained with the static and dynamic GMM mod-
els. In other words, our findings confirm the PHH hypothesis 
if FDI flows are from Denmark and the UK, and the PHE 
hypothesis if FDI flows are from France, Germany, and Italy.

Conclusions and policy implications

There has been an increased debate on the PHH and PHE 
to examine the effect of FDI flows on the environmental 
quality in recipient countries, with much of the research 
exploring the role of different characteristics of the recipi-
ent countries. However, the role of the investing coun-
tries on the environment quality in the recipient coun-
tries has received little attention. This paper contributes 
to the existing literature by examining the effect of FDI 
flows from eleven OECD countries on CO2 emissions in 
the BRICS countries. We found that from which coun-
try FDI flows matter for the environmental degradation 
in recipient countries. The findings suggested that while 

Table 3   Cross dependence tests

The test is based on the sum of correlation coefficient squares among 
cross-sectional residuals. This test, which is asymptotically standard 
normal distribution, examines the null hypothesis of cross-sectional 
independence

Variables CD test p value

CO2 5.83 0.01
FDI Austria 7.13 0.00
FDI Denmark 5.96 0.00
FDI Finland 6.11 0.00
FDI France 6.64 0.00
FDI Germany 7.39 0.00
FDI Italy 6.42 0.00
FDI Japan 6.59 0.00
FDI Netherlands 7.12 0.00
FDI Portugal 6.52 0.00
FDI Switzerland 6.69 0.00
FDI UK 7.16 0.00
GDPY 6.43 0.00
ENERGYUSE 6.58 0.00
TRADE 7.39 0.00
POP 6.40 0.00
URBPOP 6.46 0.00
REN 6.18 0.00

Table 4   Unit root tests

A constant is included in the Pesaran (2007) test. Critical values 
are − 2.40, − 2.22, and − 2.14 at the 1%, 5%, and 10% levels, respec-
tively. The Pesaran results are reported at lag 4. Figures in parenthe-
ses with respect to the GLS test denote the number of lags included 
and the numbers of lags used were determined through the Akaike 
information criterion. ***p ≤ 0.01

Variables CIPS tests

Levels 1st differences

CO2  − 1.485  − 6.419***
GDPY  − 1.602  − 6.336***
ENERGYUSE  − 1.649  − 6.782***
TRADE  − 1.132  − 8.503***
POP  − 1.282  − 6.235***
URBPOP  − 1.064  − 6.537***
REN  − 1.095  − 6.882***

GLS test—levels
FDI Austria  − 3.067(3)***
FDI Denmark  − 3.889(3)***
FDI Finland  − 3.620(2)***
FDI France  − 3.542(4)***
FDI Germany  − 3.582(4)***
FDI Italy  − 3.223(3)***
FDI Japan  − 3.788(3)***
FDI Netherlands  − 3.764(4)***
FDI Portugal  − 5.757(3)***
FDI Switzerland  − 4.062(2)***
FDI UK  − 6.605(4)***
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FDI flows from Denmark and the UK led to increased 
CO2 emissions in the BRICS countries, FDI flows from 
France, Germany, and Italy decreased CO2 emissions in 
these countries. The findings were robust to the estimation 
model selection (i.e., static and dynamic GMM estimation 
method and panel Granger non-causality test). Overall, 
the results highlighted that the FDI flows coming from 
different OECD countries had a heterogeneous effect on 
the environmental quality in the BRICS countries, and the 
importance of examining the PHH and PHE by using the 
disaggregated data as the aggregated data may shadow 
some of the existing mechanisms in place.

The findings of this paper have important policy impli-
cations. Both investing and recipient countries have their 
roles to play in combating climate change. More specifi-
cally, the recipient countries should adjust their degree 
of stringency of environmental regulations disallowing 
themselves to be “pollution havens” and more so if the 
FDI flows from a set of countries. Furthermore, beyond the 
performance of the recipient countries, international agen-
cies could publish a rating system of the investing countries 
based on the environmental performance of their investors 
abroad. This concept is closely associated with the donor 

ratings in international aid effectiveness literature (see, 
e.g., Roodman 2012; Minasyan et al. 2017). Providing such 
a rating system may expose investors that target other coun-
tries as pollution havens and could pressure these investors 
to alter their behavior and reduce the negative implications 
of their investments in recipient countries.

This paper has some limitations. Firstly, our empirical 
analysis covers FDI flows from each of the eleven OECD 
countries to BRICS countries to examine the effect of 
FDI flows on CO2 emissions in BRICS countries between 
1993 and 2012. In other words, the empirical analysis of 
this paper has limited country and period coverage. Future 
studies could expand the country coverage to examine the 
implications of the FDI flows from different countries for 
environmental degradation in recipient countries. Secondly, 
a future study could cover recent years to investigate whether 
the impact of FDI flows from other countries had differ-
ent effects in more recent periods. Thirdly, even though this 
paper examines the FDI flows from each OECD country to 
BRICS countries, the FDI flows data could further be disag-
gregated to examine the implications of the FDI flows to dif-
ferent sectors. For instance, Cansino et al. (2021) examined 
Spanish FDI flows to various industries and found that the 
pollution haven hypothesis is not confirmed when aggregate 
FDI flows from Spain are used, but PHH is confirmed in 
primary and manufacturing sectors. Therefore, a future study 
could examine whether the FDI flows to different sectors 
from developed to developing countries result in environ-
mental degradation in the recipient country or not.
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Table 7   Dumitrescu and Hurlin panel Granger non-causality test results

Null hypothesis p value

FDI does not cause carbon emissions
  Austria [0.00]
  Denmark [0.00]
  Finland [0.00]
  France [0.00]
  Germany [0.00]
  Italy [0.00]
  Japan [0.17]
  Netherlands [0.18]
  Portugal [0.22]
  Switzerland [0.26]
  UK [0.00]

Carbon emissions does not cause FDI
  Austria [0.17]
  Denmark [0.20]
  Finland [0.14]
  France [0.17]
  Germany [0.21]
  Italy [0.25]
  Japan [0.28]
  Netherlands [0.20]
  Portugal [0.23]
  Switzerland [0.25]
  UK [0.19]
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