Energy Research & Social Science 87 (2022) 102461

Perspective

Networks, stocks, and climate change: A new approach to the study of
foreign investment and the environment

Andrew Jorgenson ™, Rob Clark”, Jeffrey Kentor ¢, Annika Rieger “

@ Boston College, Department of Sociology and Environmental Studies Program, McGuinn Hall 426, 140 Commonwealth Avenue, Chestnut Hill, MA 02467, United States
of America

b University of California — Riverside, Department of Sociology, 1334 Watkins Hall, Riverside, CA 92521, United States of America

¢ Wayne State University, Department of Sociology, 2228 Faculty/Administration Building (FAB), 656 W. Kirby Street, Detroit, MI 48202, United States of America
4 Boston College, Department of Sociology, McGuinn Hall 426, 140 Commonwealth Avenue, Chestnut Hill, MA 02467, United States of America

ARTICLE INFO ABSTRACT

Keywords:

Foreign direct investment
Climate change

Carbon emissions

Global networks

Energy consumption
Globalization

This study offers a new approach to the study of foreign direct investment (FDI) and the environment. We argue
that both the accumulation of inward FDI and a nation's position in the global network of FDI could facilitate
either environmentally beneficial spillover effects and technology transfers or the outsourcing and distancing of
environmentally harmful and ecologically unsustainable economic activities. In other words, the environmental
impacts, good or bad, are potentially greater for nations that occupy more central positions in the world's FDI
network and for nations with relatively larger amounts of inward FDI. To test these arguments, we estimate cross-
national longitudinal models of total carbon dioxide emissions and carbon dioxide emissions per unit of GDP. The
results suggest that both emissions outcomes are positively associated with inward FDI stocks and FDI network
centrality for the overall sample of nations, but these positive associations are much more pronounced for Global
South nations than for Global North nations. Overall, the findings are consistent with the arguments that foreign
investment facilitates the outsourcing of energy inefficiency and environmentally harmful production processes,
leading to growth in fossil-fuel consumption and concomitant carbon emissions for receiving nations, especially
in the Global South. We conclude by summarizing the limitations of our analysis, and outline some next steps for
this new approach to the study of FDI and the environment.

1. Introduction

Substantial bodies of comparative-international research focus on
how characteristics of economic globalization impact the environment.
A central consideration in this work is whether greater integration in the
world economy is harmful or beneficial for various environmental
conditions, and if such socioenvironmental relationships differ for
Global South nations and Global North nations.

World economy integration takes interrelated forms, including in-
ternational trade and foreign investment [1-5]. Cross-national analyses
of the former examine both the levels of trade integration and the
structure of the international trade network, with their distinct envi-
ronmental impacts commonly ranging from relatively harmful to
inconclusive for the environment in Global South nations, while ranging
from relatively less harmful to beneficial for the environment in Global
North nations [6-10]. Much prior research on the latter analyzes the
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environmental impacts of inward foreign direct investment (FDI) stocks
for Global South nations, but fails to consider if a nation's position in the
international network of FDI also impacts their environmental perfor-
mance, or if the effects of inward FDI stocks or network position differ
for nations in the Global South compared to the Global North [11-20].
Foreign direct investment refers to a long-term relationship between two
enterprises residing in different economies, with the parent enterprise
(or investor) owning 10% or more voting power in the affiliate enter-
prise. Foreign investment stock refers to the accumulation of investment
over time.

The limitations of past research on FDI and the environment are both
theoretically relevant and substantively nontrivial [21-23]. Optimistic
perspectives argue that foreign investment enhances technology trans-
fers and sustainability spillover effects, which leads to increased
resource efficiencies and overall reductions in environmental harms
from economic activity in recipient nations [24-26]. In contrast,
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approaches that are more critical suggest that foreign investment facil-
itates the outsourcing of inefficient and environmentally harmful
extraction and production processes, leading to growth in energy con-
sumption, pollution, and overall environmental load displacement for
receiving nations, especially in the Global South [27-29].

Both inward FDI network position and inward FDI stocks have clear
implications for these competing perspectives. Nations more central in
the international network of inward FDI possess relatively larger
numbers of network ties with sending nations, relatively stronger ties,
and sending nation partners that are themselves in more central network
positions. The breadth and depth of these structural relationships, as
well as the overall levels of inward FDI stocks, are world-economic
integration mechanisms and characteristics of economic globalization
that could facilitate either environmentally beneficial spillover effects
and technology transfers or outsourcing and distancing of environ-
mentally harmful and ecologically unsustainable economic activities. In
other words, the environmental effects, good or bad, are potentially
greater for nations that occupy central positions in the world's inward
FDI network and for nations with relatively larger levels of inward FDI.
More network ties and more volume likely mean greater impacts,
whichever the direction may be.

In an initial step to advance this area of research on globalization and
the environment, we estimate cross-national longitudinal models of total
carbon dioxide emissions and carbon dioxide emissions per unit of Gross
Domestic Product (GDP). The two key independent variables are cen-
trality in the international inward FDI network and accumulated stocks
of inward FDI as a percent of total GDP. Analyzing the two dependent
variables allows for a relatively far-reaching analysis of the impacts of
FDI network centrality and FDI stocks since total emissions are analo-
gous with the overall scale of emissions, emissions per unit of GDP is an
established measure of carbon efficiency, and the global economy re-
mains far too reliant on the burning of fossil fuels [9,10,30-37]. We
estimate models of the direct associations between both emissions out-
comes and the two FDI measures, and we also estimate models that test if
their effects on carbon emissions are significantly different for Global
North nations than for Global South nations.

2. Methods and data

We use Stata software to estimate Prais-Winsten regression models
with panel-corrected standard errors [38,39], allowing for disturbances
that are heteroskedastic (i.e., each panel has its own variance) and
contemporaneously correlated across panels (i.e., each pair of panels has
its own covariance). Our sample includes 616 annual observations
across 77 countries (eight observations per country) between 2009 and
2016 (see Appendix A for a list of the countries in our sample). For each
model, we either specify an AR(1) autocorrelation structure (treating the
process as common to all panels),’ or we include a lagged dependent
variable (t-1) [40]. In all models, we include both unit and temporal
fixed effects with a series of dummy variables representing each country
and each year in our sample (i.e., two-way fixed effects), correcting for
unobserved heterogeneity that is both time-invariant within countries,
as well as cross-sectionally invariant within years [41]. Collinearity di-
agnostics suggest that we can estimate our predictors simultaneously
(maximum VIF = 4.71; mean VIF = 2.83; see Appendix B for a corre-
lation matrix).

Consistent with prior cross-national analyses of emissions
[35,42,43], we transform all non-binary variables into logarithmic form,
which means the models estimate elasticity coefficients where the co-
efficient for the independent variable is the estimated net percentage
change in the dependent variable associated with a 1% increase in the
independent variable (see Table 1 for descriptive statistics). The full

1 Diagnostics (xtserial Stata command) suggest the presence of serial
correlation.

dataset and Stata commands used to estimate the reported models are
available from the authors upon reasonable request.

The two dependent variables are total carbon emissions (measured in
kilotons) and carbon emissions per unit of GDP (kilograms per 2010 US
dollars of GDP). We obtain these data from the World Bank's online
World Development Indicators database (https://databank.worldbank.
org/source/world-development-indicators). Carbon dioxide emissions
are those stemming from the burning of solid, liquid, and gas fossil fuels
and gas flaring, and from the manufacture of cement. Total emissions
focus on overall volume, capturing the extent to which nations
contribute to the accumulation of emissions in the atmosphere, while
emissions per unit of GDP are a standard measure of carbon efficiency.

Our network FDI data come from the IMF's Coordinated Direct In-
vestment Survey [44], which reports stock (or position) data only. We
extracted data from 2009 to 2017, featuring 122 countries reporting
inward stock (ranging from 92 to 112 countries per year) from 246
economies across the world (ranging from 236 to 243 countries per
year). We constructed our network using valued inward stock data to
capture each country's inward investment position where production
activities occur.’

We use the continuous coreness procedure available in UCINET 6
[46] to calculate a nation's structural location in the global inward FDI
network, our first of two primary independent variables.” Scores range
from O to 1, with larger values indicating closer proximity to the center
(scores are normalized so that the sum of their squares equals 1). Scores
are generated using the MINRES (minimum residual) method. MINRES
seeks a vector C (whose values indicate the coreness of each node) that
minimizes the off-diagonal sums of squared differences between the
observed matrix and the pattern matrix, the latter of which is approxi-
mated by the product of the vector and its transpose (i.e., C; ;). Overall,
centrality scores are a positive function of (1) the number of associations
one has, (2) the strength of each tie, and (3) the centrality of one's
partners.

Our second primary independent variable is inward FDI stocks as a
percent of GDP. Stock refers to the accumulation of investment over time
and is calculated as the share of capital and reserves (including profits)
attributable to the parent enterprise plus the net indebtedness of affili-
ates to the parent enterprise. This is the most widely studied FDI mea-
sure in past cross-national research on foreign investment and the
environment [11-14,16-19].

To evaluate if their effects are different for Global North and Global
South nations, we test for significant interactions between our two FDI
predictors (stock and network centrality) and Global North status, which
we operationalize as OECD nation members (dummy coded) with a GDP
per capita of $20,000 or greater in 2016. The OECD dummy variable is
perfectly correlated with the country-specific fixed effects and thus
excluded from the estimated models that include the interactions [41].

All models control for gross domestic product per capita (GDP PC) in
2010 US dollars, non-dependent population (percent of the total popu-
lation between ages 15-64), urban population as a percent of the total
population, services as a percent of GDP, and trade as a percent of GDP.
Total population, which counts all residents regardless of legal status or
citizenship, is also included in the models of total emissions. Data for
these variables are obtained from the World Bank's online World
Development Indicators database.

In line with much research on inward FDI and various environmental
and social outcomes, the estimated models also control for inward FDI
rate, which refers to inward FDI flow/inward FDI stock [47]. Including

2 Following prior research [3,21,45], we logged these values to reduce skew
and use a minimum cutoff of $1 million in US dollars.

3 Theoretically, networks that resemble a core/periphery structure feature a
set of integrated actors who share ties with all others, along with a set of pe-
ripheral actors who only share ties with the center and are isolated from one
another.
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Table 1
Descriptive statistics.

Mean SD Min Max

Untransformed

CO,, emissions 335,834.600 1,239,938.000 326.363 10,300,000.000
CO,, emissions per unit of GDP 0.498 0.462 0.031 4.125
GDP PC 21,758.730 22,733.910 455.418 110,162.100
Non-dependent population 66.477 5.178 48.853 80.233
Urban population 66.245 19.032 16.434 100.000
Services (% of GDP) 59.039 10.668 27.713 96.465
Trade (% of GDP) 104.261 70.630 20.723 442.620
Total population 51,600,000.000 161,000,000.000 87,298.000 1,380,000,000.000
FDI rate 0.089 0.135 —0.255 1.816
FDI stock 91.823 209.324 1.200 1811.579
FDI centrality 0.095 0.045 0.002 0.254
Logged

CO,, emissions 10.697 1.963 5.788 16.147
CO,, emissions per unit of GDP 0.369 0.250 0.030 1.634
GDP PC 9.308 1.315 6.121 11.610
Non-dependent population 4.194 0.082 3.889 4.385
Urban population 4.143 0.341 2.799 4.605
Services (% of GDP) 4.062 0.184 3.322 4.569
Trade (% of GDP) 4.497 0.542 3.078 6.095
Total population 16.227 1.748 11.377 21.044
FDI rate 3.000 0.007 2.983 3.083
FDI stock 3.815 1.023 0.788 7.503
FDI centrality 0.090 0.040 0.002 0.226

Note: N = 616 (77 nations).

FDI rate purges our models of “denominator effects,” which refers to the
idea that higher stock levels contribute to a lower investment rate
because stock represents the denominator in the latter [48,49]. Flows
refer to annual investments and consist of three components: equity
capital, reinvested earnings, and intra-company loans. The flows data
are reported on a net basis, with negative flows indicating that at least
one of the three components is negative and not offset by positive
amounts of the other components (i.e., “reverse investment” or
“disinvestment”).

3. Results

Tables 2 and 3 present the results from our main analysis, estimating
the effect of inward FDI centrality and inward FDI stocks on carbon
emissions. Each cell reports the elasticity coefficient, with the panel-
corrected standard error in parentheses and the 95% confidence in-
tervals in brackets. Model 1a reports the fully specified model, model 2a
adds an interaction term between FDI stock and Global North status, and
model 3a includes an interaction term between FDI centrality and Global
North status. Models 1b, 2b, and 3b replicate these models with the
lagged dependent variable instead of the AR(1) specification. Table 2
reports the findings for total carbon emissions, while Table 3 reports the
findings for the second dependent variable, carbon emissions per unit of
GDP.

The results of Model 1a and 1b in Table 2 indicate that total emis-
sions are positively associated with both inward FDI centrality and in-
ward FDI stocks. A 1% increase in FDI centrality is associated with a
1.244% increase in total emissions in Model 1a and a 1.016% increase in
Model 1b (overlapping confidence intervals), while a 1% increase in FDI
stocks is associated with a 0.079% increase in emissions in Model 1a and
a 0.042% increase in Model 1b (overlapping confidence intervals). The
results of Models 2a through 3b show that the positive effects of FDI
stock and FDI centrality significantly decline among the Global North
nations. That is, while growth in the volume of FDI stock and FDI
network embeddedness are both significantly associated with greater
carbon emissions among the Global South nations, this relationship
vanishes among the Global North nations. Figs. 1 and 2 illustrate these
differences for FDI stock and FDI centrality by presenting the predictive
margins based on models 2a and 3a in Table 2. At low levels of FDI stock

or FDI centrality, there is not much difference between the emissions of
Global North and Global South nations. As FDI stock or FDI centrality
grows, however, Global South nations increase their emissions moder-
ately to substantially, while the impact within Global North nations is
negligible.

Turning to the analysis of carbon emissions per unit of GDP in
Table 3, for Models 1a and 1b, we also find that FDI centrality and FDI
stocks both have positive and statistically significant effects. In partic-
ular, a 1% increase in FDI network centrality is associated with a 0.412%
increase in emissions per unit of GDP in Model 1a, and a 0.325% in-
crease in Model 1b (overlapping confidence intervals). For FDI stocks, a
1% increase leads to a 0.026% increase in emissions per unit of GDP in
Model 1a and a 0.019% increase in Model 1b (also with overlapping
confidence intervals). The inclusion of the interactions in Models 2a
through 3b generally suggests that the effects of both key predictors on
carbon emissions per unit of GDP differ for Global North nations than for
Global South nations. Figs. 3 and 4 illustrate these differences for FDI
stock and FDI centrality by presenting the predictive margins based on
models 2a and 3a in Table 3. Similar to the findings for the total emis-
sions analysis, at lower levels of FDI stock or FDI centrality, there is
minimal difference between the emissions per unit of GDP of Global
North and Global South nations. As FDI stock or FDI centrality grows,
however, Global South nations increase their emissions per unit of GDP
quite substantially, while the impact within Global North nations re-
mains relatively flat.

3.1. Sensitivity analyses

When analyzing FDI network data, it is difficult to distinguish be-
tween substantive investment and financial engineering, the latter of
which is primarily motivated by tax avoidance (e.g., offshore investing
or channeling FDI through regional investment hubs). Multinational
enterprises (MNEs) have become more responsive to taxation over time
by shifting profits to a low-tax jurisdiction through debt allocation,
transfer pricing, or corporate inversions [50]. Thus, many MNEs are
attracted to “offshore financial centers” (OFCs), which refer to nation-
state jurisdictions that attract MNEs through low taxation and lax
regulation. OFCs not only provide tax avoidance for MNEs, but also an
escape from public scrutiny over their operations [51]. Affiliates in OFCs



Table 2

Elasticity coefficients for regression of CO, emissions.

Model 1a Model 1b Model 2a Model 2b Model 3a Model 3b
GDP PC 0.642%** 0.240 0.678%** 0.264 0.633*** 0.239
(0.155) (0.134) (0.150) (0.137) (0.157) (0.135)

Non-dependent population

Urban population

Services (% of GDP)

Trade (% of GDP)

Total population

FDI rate

FDI stock

FDI centrality

FDI stock x

Global North

FDI centrality x
Global North

Lagged DV

RZ

[0.338 to 0.946]
1.607**

(0.510)

[0.608 to 2.606]
1.972%**
(0.402)

[1.184 to 2.761]
—0.205

(0.143)

[—0.486 to 0.076]
0.123*

(0.060)

[0.005 to 0.242]
1.262%**
(0.302)

[0.670 to 1.855]
—1.522

(1.085)

[—3.649 to 0.605]
0.079**

(0.027)

[0.027 to 0.131]
1.244%*

(0.421)

[0.420 to 2.069]

0.997

[-0.023 to 0.503]
0.972*

(0.396)

[0.196 to 1.749]
1.001**

(0.368)

[0.280 to 1.723]
—0.200

(0.117)

[-0.429 to 0.028]
0.119*

(0.051)

[0.018 to 0.220]
0.533

(0.292)

[-0.040 to 1.106]
—0.622

(0.985)

[-2.551 to 1.308]
0.042*

(0.021)

[0.000 to 0.084]
1.016%*

(0.323)

[0.383 to 1.649]

0.522%%%*
(0.109)

[0.308 to 0.735]
0.998

[0.384 to 0.972]
1.399**

(0.494)

[0.430 to 2.368]
1.993***

(0.379)

[1.250 to 2.736]
—0.300*

(0.143)

[-0.579 to —0.020]
0.119*

(0.060)

[0.001 to 0.237]
1.286%**

(0.294)

[0.710 to 1.863]
—1.116

(1.184)

[—3.435 to 1.204]
0.110%**

(0.033)

[0.046 to 0.174]
1.121%*

(0.397)

[0.343 to 1.899]
—0.182**

(0.053)

[-0.286 to —0.078]

0.997

[—0.005 to 0.532]
0.890*

(0.389)

[0.127 to 1.654]
1.042**

(0.375)

[0.308 to 1.777]
—0.255*

(0.123)

[-0.497 to —0.013]
0.114*

(0.051)

[0.014 to 0.215]
0.555

(0.293)

[-0.019 to 1.129]
—-0.253

(1.090)

[—2.389 to 1.882]
0.060*

(0.027)

[0.007 to 0.113]
0.921%**

(0.314)

[0.306 to 1.535]
—0.091*

(0.045)

[-0.181 to —0.003]

0.511%**
(0.111)

[0.293 to 0.728]
0.998

[0.326 to 0.940]
1.547**

(0.463)

[0.640 to 2.454]
1.920%***
(0.391)

[1.152 to 2.687]
—0.216

(0.141)

[-0.492 to 0.061]
0.126*

(0.056)

[0.015 to 0.236]
1.223%**
(0.303)

[0.628 to 1.817]
—1.667

(1.109)

[—3.840 to 0.506]
0.068*

(0.026)

[0.017 to 0.120]
2.909%***
(0.722)

[1.493 to 4.324]

~3.148%x*
(0.845)
[~4.804 to —1.492]

0.997

[-0.024 to 0.503]
0.943**

(0.363)

[0.232 to 1.654]
0.988**

(0.369)

[0.265 to 1.712]
—0.204

(0.117)

[-0.434 to 0.025]
0.124*

(0.050)

[0.027 to 0.222]
0.527

(0.292)

[-0.045 to 1.099]
—0.826

(0.967)

[-2.722 to 1.070]
0.033

(0.021)

[-0.009 to 0.075]
2.125%*

(0.622)

[0.905 to 3.345]

—2.225%*

(0.754)

[-3.704 to —0.747]
0.512%**

(0.108)

[0.300 to 0.725]
0.998

*p<.05, ** p<.01, *** p <.001 (two-tailed tests).
Notes: N =616 (77 States). Each cell reports the elasticity coefficient, with the panel-corrected standard error in parentheses, and the 95% confidence intervals in brackets. Models 1a, 2a, and 3a correct for first-order
autocorrelation within panels, with AR1 disturbances as common to all panels. All non-binary variables are logged. All models include nation-specific and year-specific intercepts.



Table 3
Elasticity coefficients for regression of CO, emissions per unit of GDP.

Model 1a Model 1b Model 2a Model 2b Model 3a Model 3b
GDP PC 0.001 —0.052 0.006 —0.049 —0.004 —0.053
(0.049) (0.029) (0.049) (0.029) (0.049) (0.030)

Non-dependent population

Urban population

Services (% of GDP)

Trade (% of GDP)

FDI rate

FDI stock

FDI centrality

FDI stock x

Global North

FDI centrality x
Global North

Lagged DV

RZ

[-0.095 to 0.097]
0.473*

(0.211)

[0.059 to 0.887]
0.282%**

(0.106)

[0.074 to 0.489]
—0.022

(0.047)

[-0.115 to 0.071]
0.032

(0.026)

[-0.019 to 0.083]
—0.037

(0.444)

[—0.908 to 0.834]
0.026*

(0.012)

[0.002 to 0.050]
0.412*

(0.194)

[0.033 to 0.792]

0.967

[-0.109 to 0.005]
0.345*

(0.144)

[0.064 to 0.627]
0.155

(0.099)

[-0.039 to 0.349]
—0.005

(0.034)

[-0.072 to 0.062]
0.028

(0.020)

[-0.012 to 0.067]
0.264

(0.427)

[-0.573 to 1.100]
0.019*

(0.009)

[0.002 to 0.036]
0.325*

(0.137)

[0.057 to 0.592]

0.537%%*
(0.139)

[0.264 to 0.810]
0.987

[-0.091 to 0.103]
0.439*

(0.215)

[0.017 to 0.861]
0.288**

(0.103)

[0.086 to 0.489]
—0.038

(0.048)

[-0.133 to 0.056]
0.031

(0.026)

[-0.020 to 0.083]
0.034

(0.468)

[-0.883 to 0.950]
0.031*

(0.014)

[0.004 to 0.059]
0.392*

(0.187)

[0.025 to 0.759]
—0.032*

(0.014)

[-0.058 to —0.005]

0.968

[-0.106 to 0.009]
0.328*

(0.146)

[0.042 to 0.614]
0.161

(0.100)

[-0.035 to 0.356]
—0.016

(0.036)

[-0.086 to 0.054]
0.027

(0.020)

[-0.013 to 0.067]
0.341

(0.457)

[-0.555 to 1.237]
0.022*

(0.010)

[0.002 to 0.043]
0.305*

(0.133)

[0.044 to 0.565]
—0.018

(0.011)

[—0.040 to 0.004]

0.534***
(0.140)

[0.260 to 0.808]
0.987

[-0.101 to 0.093]
0.451*

(0.199)

[0.060 to 0.842]
0.268*

(0.110)

[0.053 to 0.483]
—0.026

(0.047)

[-0.119 to 0.067]
0.034

(0.025)

[-0.015 to 0.083]
—0.080

(0.444)

[-0.951 to 0.790]
0.022

(0.012)

[0.000 to 0.045]
0.899*

(0.379)

[0.157 to 1.642]

—0.937*
(0.372)
[-1.667 to —0.207]

0.967

[-0.111 to 0.005]
0.333*

(0.135)

[0.069 to 0.597]
0.148

(0.100)

[-0.047 to 0.344]
—0.007

(0.034)

[-0.074 to 0.061]
0.030

(0.019)

[-0.008 to 0.067]
0.208

(0.427)

[-0.628 to 1.045]
0.016

(0.008)

[0.000 to 0.032]
0.631*

(0.257)

[0.128 to 1.134]

—0.615*

(0.259)

[-1.122 to —0.108]
0.529%**

(0.140)

[0.254 to 0.803]
0.987

*p <.05, ** p<.01, *** p <.001 (two-tailed tests).
Notes: N =616 (77 Nations). Each cell reports the elasticity coefficient, with the panel-corrected standard error in parentheses, and the 95% confidence intervals in brackets. Models 1a, 2a, and 3a correct for first-order
autocorrelation within panels, with AR1 disturbances as common to all panels. All non-binary variables are logged. All models include state-specific and year-specific intercepts.
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Fig. 1. The effect of FDI Stock on CO, emissions.
Note: Predictive margins based on model 2a, Table 2.
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Fig. 2. The effect of FDI centrality on CO, emissions.
Note: Predictive margins based on model 3a, Table 2.

are often referred to as Special Purpose Entities (SPEs). Very little real
economic activity occurs in SPEs, and their presence significantly in-
flates FDI values. SPEs feature few or no employees, little or no physical
presence, and little or no production in the host economy [50].

To account for this potential problem, we replicated our fully spec-
ified models while excluding nations that function as OFCs. Our list of
OFCs comes from Garcia-Bernardo et al. [51], who identify 24 sink-OFCs
(tax havens that attract and retain foreign capital) and 5 conduit-OFCs
(intermediate jurisdictions used to route investments)." When
excluding the 11 OFCs in our sample (Cyprus, Hong Kong, Ireland,
Luxembourg, Malta, Mauritius, Netherlands, Seychelles, Singapore,
Switzerland, and United Kingdom), the results remain substantively
consistent with the reported findings in Tables 2 and 3. Taking matters
one step further, we also replicated our procedure for calculating inward
FDI network centrality by dropping the 29 OFCs from our original
network data for the years 2009 and 2017. The correlations between our
original scores and the OFC-purged scores are very high (r = 0.991 in

4 Twenty-four nations are classified as sink-OFCs: Anguilla, Bahamas, Belize,
Bermuda, British Virgin Islands, Cayman Islands, Curacao, Cyprus, Gibraltar,
Guyana, Hong Kong, Jersey, Liberia, Lichtenstein, Luxembourg, Malta,
Marshall Islands, Mauritius, Monaco, Nauru, Saint Vincent and Grenadines,
Samoa, Seychelles, and Taiwan. The following five are classified as conduit-
OFCs: Ireland, Netherlands, Singapore, Switzerland, and United Kingdom.
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Fig. 4. The effect of FDI centrality on CO, emissions per unit of GDP.
Note: Predictive margins based on model 3a, Table 3.

2009; r = 0.991 in 2017). We also examined whether each country's
change in centrality between 2009 and 2017 was influenced by the
establishment of OFCs during the sample period. Again, though, the
removal of OFCs does not substantially alter the correlation in each
country's change score (r = 0.971).

Finally, we re-estimated all models in Stata using the xtreg suite of
commands with clustered robust standard errors, where the country
fixed effects are estimated with the within estimator [41], and we
include year intercepts for the time fixed effects. The results are sub-
stantively consistent with our reported findings in Tables 2 and 3.

4. Conclusion

By focusing on the extent to which FDI network centrality and FDI
stocks are associated with carbon emissions in Global South nations
compared to Global North nations, our preliminary analysis illustrates a
new direction to the study of foreign investment and the environment in
particular, and economic globalization and the environment in general.
The results suggest that total carbon emissions and emissions per unit of
GDP are both positively associated with inward FDI stocks and FDI
network centrality for the overall global sample of nations, but these
positive associations are much more pronounced for Global South na-
tions than for Global North nations, and the results are robust to multiple
model specifications and sensitivity analyses. Overall, the findings are
consistent with the arguments that foreign investment facilitates the
outsourcing of inefficient and environmentally harmful extraction and



production processes, leading to growth in energy consumption and
concomitant carbon emissions for receiving nations, especially in the
Global South.

Our analysis is preliminary and has limitations, which point to some
next steps for this new approach to the study of FDI and the environ-
ment. Current data availability constrains the number of nations
included as well as the time coverage and statistical modeling options.
This also disallows for considering more fine-grained locational differ-
ences (e.g., regional variation) in the associations between our pre-
dictors and outcomes as well as sector-level differences in the FDI
network and amount of FDI stocks. These limitations are addressable
once additional and more nuanced data become available.

While we focus on multiple measures of carbon emissions resulting
from the burning of fossil fuels, future research should consider how
other environmental outcomes, such as deforestation, ambient air
pollution, direct resource consumption, and industrial water pollution,

Appendix A. Sample

are associated with levels of FDI stocks and FDI network centrality. This
line of inquiry could also be expanded to include social and economic
outcomes, such as income inequality and population health, as well as
broader sustainability indicators, including the carbon intensity of
human well-being. Finally, while additional research is warranted on
these direct associations, future investigations should also consider how
different political-economic and social factors might act as moderators
that amplify or mitigate the relationships among environmental condi-
tions, FDI network centrality, and FDI stocks.
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Global North Global North Global North

Australia v Honduras Nigeria
Austria v Hong Kong Norway v
Azerbaijan Hungary Pakistan
Bangladesh Iceland v Paraguay
Belarus Indonesia Philippines
Belgium v Ireland v Poland
Bhutan Israel v Portugal v
Bolivia Japan v Romania
Bosnia Kazakhstan Russia
Botswana Kyrgyzstan Serbia
Bulgaria Latvia Seychelles
Canada v Lithuania Singapore
Chile Luxembourg v Slovakia
China Macao Slovenia v
Costa Rica Macedonia South Africa
Croatia Malaysia South Korea v
Cyprus Malta Spain v
Czech Republic v Mauritius Sweden v
Denmark v Mexico Switzerland v
El Salvador Moldova Thailand
Estonia Mongolia Turkey
Finland v Morocco Uganda
Georgia Mozambique Ukraine
Germany v Nepal United Kingdom v
Greece v Netherlands v United States v

New Zealand v Zambia

Note: “Global North” refers to OECD members with a GDP PC of $20,000 or greater in 2016.
Appendix B. Correlation matrix
@D (2) 3 @ (5) ©) 7 ® (©)] 10) (11

(1) CO; emissions -
(2) CO; emissions per unit of GDP 0.213 -
(3) GDP PC 0.239 —0.500 -
(4) Non-dependent population 0.155 0.166 0.469 -
(5) Urban population 0.278 —0.245 0.809 0.469 -
(6) Services (% of GDP) 0.023 —0.470 0.678 0.295 0.589 -
(7) Trade (% of GDP) —0.425 —0.075 0.288 0.427 0.286 0.279 -
(8) Total population 0.835 0.184 —-0.225 —0.235 —0.156 —0.243 —0.644 -
(9) FDI rate —0.158 0.137 —0.239 —0.100 —0.229 —0.225 0.004 —0.057 -
(10) FDI stock —0.286 -0.124 0.348 0.249 0.391 0.446 0.690 —0.494 —0.199 -
(11) FDI centrality 0.760 0.045 0.419 0.310 0.356 0.211 —-0.073 0.512 —0.152 0.041 -

Note: N = 616 (77 nations).
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