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1 Introduction

There is an ongoing debate about the environmental impact of multinationals on host coun-

tries, in particular developing economies. On the one hand, the �pollution haven�hypothesis

states that trade/capital liberalization will lead pollution-intensive industries to relocate to

countries with less stringent environmental policies. Competition to attract FDI among

economies might then lead to a reduction or status quo in environmental standards. On the

other hand, according to the �pollution halo�hypothesis, relocating industries can improve

environmental performance in the countries with laxer environmental standards through their

new and cleaner technology. Empirical studies designed to test these hypotheses have so far

shown little and con�icting evidence. One of the crucial problems inherent in existing stud-

ies is that, to date, no speci�c causality analysis of the mutual relationship between FDI,

environmental policy and capital/trade openness has been conducted. The most popular

approaches consist of either assuming environmental regulation as a function of FDI/trade

or vice-versa. Only recently, Ederington & Minier (2003), Cole et al. (2006) (2009), Levinson

& Taylor (2008) and Kellenberg (2009) showed the theoretical and empirical importance of

endogenizing environmental stringency with respect to FDI/Trade.

Instead of distinguishing between environmental stringency, in�ows of FDI and openness

as endogenous and exogenous variables, this paper considers a trivariate spatial panel vector

autoregression (SpVAR) model for a large number of host countries during the period 1981

to 2000. VAR framework provides a �exible statistical tool where dynamic relations can be

determined and quanti�ed based on a minimal theoretical structure. In addition, unlike tra-

ditional panel VAR, SpVAR allows to explicitly account for spatial cross-section dependence

in the data. This is particularly important for two interrelated reasons. First, environmental

policies, multilateral FDI decisions as well as capital and trade agreements have been shown

to be spatially correlated. Second, taking into account spatial dependence and spillovers can

potentially mitigate the variable omissions bias. To my knowledge, this study is the �rst

to examine carefully the temporal and spatial dynamics through which these three variables

interact in a spatial panel framework. Ignoring the possibility of non-stationary parameters

can lead to unreliable inference. This is why before applying quasi-MLE and continuously

updated GMM to the SpVAR model, I apply second generation panel unit root tests, which

allows for cross-sectional dependence, to investigate the nonstationarity of the variables. Pre-

liminary results highlight the existence of a pollution haven e¤ect as well as a bidirectional

causality between environmental regulation and inward FDI. In addition, I am able to shed

some lights on the spatial relationships between the variables not found in the classical VAR.

These include spatial complements to panel Granger causality and impulse-response func-

tions. In both cases, spatial spillovers seems to play a key role in the relationship between

FDI, environmental stringency and trade openness.
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The organization of the paper is as follows. Section 2 highlights the weaknesses found

in the existing empirical literature about pollution havens. The spatial VAR is presented in

section 3. Section 4 proceeds with the description of the data and the presentation of the

panel unit root tests as well as the estimation results. Section 5 concludes.

2 Pollution Haven Survey

The pollution haven hypothesis (PHH) refers to the possibility that FDI could be sensitive

to weaker environmental regulation, especially when polluting �rms want to avoid the costs

associated with environmental standards compliance. There is a growing theoretical and

empirical literature on the linkages between environmental stringency, FDI/trade and glob-

alization. Copeland & Taylor (2003) determine the strategic interaction between North and

South countries from an autarky situation to free trade when environmental stringency is

allowed to be income-induced. They identify three types of impacts of FDI/trade on the

environment. First, the scale (or volume) e¤ect postulates that freer capital and trade �ows

lead to more production, which in turn means more pollution and harm for the environ-

ment. Second, the technique e¤ect assumes that e¢ cient production corresponds to cleaner

production. Thus, this e¤ect might mitigate the negative impact of globalization on the

environment. Third, the composition e¤ect presumes that some countries, based on their

lower level of environmental stringency, are more likely to specialize in pollution-intensive

activities than others. This last e¤ect is the mechanism that is argued in the pollution haven

hypothesis. Fredriksson (1999) shows that in a perfect competitive market, trade liberaliza-

tion increases (reduces) both �rms and environmental lobby groups� incentive to in�uence

the level of environmental stringency if the country displays a comparative advantage (dis-

advantage) in the pollution-intensive industry. Consequently, the e¤ect of FDI/trade on the

environmental policy-making will depend on the relative changes in political pressures. Cole

et al. (2006) �nd that the e¤ect of capital and trade �ows on the environmental standards

depends on the host country�s level of corruption. In high corrupted countries, environmental

policy is determined by bribery and FDI can more easily reduce the level of environmental

standards. In line with this mechanism, Cole & Fredriksson (2009) argue that the impact of

FDI on environmental policy-making will be conditioned on the host country�political insti-

tutions. In the presence of few (many) legislative units and high (low) corruption, FDI will

lead to less (more) stringent environmental policy and thus contribute to sustain (mitigate)

the creation of a pollution haven.
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Even though the intuitive idea behind the PHH is rather simple, its empirical analysis

has given rise to some di¢ culties. This could explain the confusion between two types of

empirical �ndings (Taylor (2005)). On one hand, the pollution haven e¤ect is empirical

evidence showing that di¤erences in the level of environmental stringency has an impact

on the distribution of pollution industries among countries. In this perspective, the cost of

environmental regulation compliance constitutes an additional location determinant. On the

other hand, the pollution haven hypothesis is empirical evidence attesting that a reduction

in trade and capital restrictions leads to a relocation of dirty industries from countries with

stringent environmental regulations to those with laxer standards. Therefore, the underlying

assumption of the PHH is that the most important location determinant is environmental

regulation and pollution intensity. Without necessarily explicitly stating it, most empirical

studies actually measure the pollution haven e¤ect. The main reason is that the PHH is

a second order e¤ect, which is, by de�nition, more di¢ cult to measure. Moreover, the

pollution haven e¤ect is a necessary but not su¢ cient condition for the PHH to hold. The

initial objective of this paper is to study the so-called pollution haven e¤ect.

Beside this terminology confusion, the controversy regarding the pollution haven e¤ect is

generated, in part, by a lack of convincing empirical evidence. Most studies1 , which analyzes

in�ows of FDI to di¤erent countries originating from various home countries at the aggregated

or industrial level, fail to disentangle any evidence of a pollution haven a¤ect (Javorcik &

Wei (2001), Eskeland & Harrison (2003), Mihci et al. (2005)). In order to validate the

pollution haven e¤ect, Ho¤mann et al. (2005) study whether FDI/pollution Granger cause

pollution/FDI using a meta analysis of Granger causality tests with short time series and

panel data. They observe that in low-income countries CO2 emissions Granger-cause net

in�ows of FDI, while for middle-income countries FDI Granger-causes the level of CO2. For

high-income countries, there is no Granger causality. Based on these �ndings, the authors

argue that the pollution haven e¤ect is more likely to happen in low-income host countries.

More recently, Cole & Fredriksson (2009) show the importance of treating environmental

policy as endogenous with respect to FDI in order to assess correctly the pollution haven

e¤ect. Their empirical �ndings suggest that the e¤ects of FDI on the level of environmental

stringency are conditioned on the government�s degree of corruptibility and sensitivity to

lobbies.

1Two other types of studies can be found in the empirical literature. The �rst strand considers in�ows of

FDI to a single country at the regional and/or industrial level. The evidence suggests that stringer regional

environmental regulation does in�uence negatively the location decision of inward FDI in the USA, India and

China (List & Co (2001), Dean et al. (2009)). The second strand considers out�ows of FDI from a single

home country to one or more host countries at the aggregated or industrial level. Most results in this type

of studies are mixed and not very robust across speci�cations (Xing & Kolstad (2002), Eskeland & Harrison

(2003), Cole & Elliot (2005), Wagner & Timmins (2009)). Kellenberg (2009) is one of the few to �nd robust

and consistent evidence of the pollution haven e¤ect once the endogeneity of environmental stringency is

taken into account.
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Thus, an important challenge faced in empirical assessment of the pollution haven e¤ect is

identifying the direction of causality between in�ows of FDI, the level of environmental strin-

gency and trade liberalization. New (exogenous) demanding environmental policies might

deter in�ows of FDI. But it might as well stimulate research and development funding lead-

ing to cleaner technology. At the same time, the policy makers may also integrate the e¤ects

on FDI/trade �ows into environmental regulations. If greater output leads to greater income,

the demand for environmental quality could increase making the environmental regulation a

function of FDI/trade. Another possibility for the government is to consider environmental

standards as a second-best trade barrier in order to promote exports (Ederington & Minier

(2003)). In this situation, environmental regulation could also be responsive to FDI/trade

�ows. Overall the causality between environmental stringency and FDI/trade is complex

and could go in either (or both) directions. In fact, these causality interrogations request

empirical answers, and this study attempts to contribute to the literature, empirically and

methodologically.

In order to do so, this paper accounts for the presence of spatial cross-section dependence

in FDI, environmental stringency as well as trade and capital liberalization. Growing inter-

national capital and trade �ows have given rise to global interdependency of the economies

and have strengthened the globalization process. One of the consequences of such capital

mobility is that some types of FDI decisions to di¤erent host countries are not independent

of each other (Blonigen et al. (2007), Baltagi et al. (2007)). FDI does depend on the de-

terminants of the host country as well as its neighborhood countries. Empirical evidence

suggests also that the adoption of environmental policy and capital/trade liberalization is

spatially correlated (Fredriksson & Millimet (2002), Eliste & Fredriksson (2004), Davies &

Naughton (2007), Egger & Larch (2008)). In particular, a country�s choice of participating

in an environmental treaty or preferential trade agreement (PTA) depends on the decision

of other close economies to be part in it. Moreover, since the impact of global pollutants

emissions like SO2 and CO2 depends on the geographical location and wind patterns, the

level of pollution in one country is partially determined by the emissions in the neighboring

countries. Thus, any government will have an incentive to behave strategically in determining

its environmental standards with respect to the emissions originating in the neighborhood

(Perkins & Neumayer (2008)). Yet, most empirical papers on the pollution haven e¤ect

deliberately assume no interdependence in economic and policy decisions. As emphasized

in the spatial econometrics literature, failure to account for spatial dependence in empirical

analyses may lead to biased inference. This may be particularly problematic in the context

of empirical analyses of the PHH, because it has proven extremely di¢ cult to quantify envi-

ronmental regulation in di¤erent host countries for a long period of time. As a consequence,

it is extremely important to control for the relevant determinants of the relationship between

FDI and environmental policy.
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3 Spatial Panel Vector Autoregression

The most popular method to examine the relationships of several variables with total �exi-

bility is vector autoregression analysis (VAR) (Sims (1980)). VAR consists of a generalized

form of an autoregressive model in which the evolution of each variable is a function of its

previous values and previous observations of all other series in the system. This way, VAR

is able to potentially address the complete set of possible interactions in the data without

relying on a prior theoretical structure. A spatial vector autoregressive model (SpVAR) is an

extended version of a VAR which includes spatial as well as temporal lags among a vector of

stationary state variables. The spatial extension is justi�ed by VAR�s inability to explicitly

consider the potential impacts of economic events in neighboring countries. In standard VAR,

an economic shock that occurs in a given country only in�uence the economic conditions in

that nation. All of the impacts prevail within its frontiers. In other words, spatial spillovers

are automatically excluded. In reality, a shock in a given country is likely to a¤ect the eco-

nomic conditions in the neighboring countries as well. That is, the economic conditions in

the neighborhood countries are likely to exhibit co-movement over time.

Limited number of studies have extended spatial econometrics to VAR analysis. Lesage

& Pan (1995) apply spatial contiguity as an alternative prior in a Bayesian VAR model.

They show that incorporating a spatial contiguity structure dramatically lowers forecast

error. Chen & Conley (2001) propose to specify the spatial dependence of the endogenous

dependent variables in a semi-parametric framework and estimate the parameters with a

two-step sieve least-squares procedure. Di Giacinto (2003) (2006) derives a structural VAR

model applying spatial relationships to follow prior theoretical beliefs. Recently, Beenstock &

Felsenstein (2007) present a �exible SpVAR model that builds on the spatial autoregressive

model with a spatial error process. They demonstrate that the inclusion of spatially and

temporally correlated disturbances is problematic, because the structural parameters are not

fully identi�ed. To avoid this issue, Mutl (2009) extends Binder et al.�s (2005) framework with

a single spatial dependent error variable. Instead of assuming weak cross-section dependence

(e.g. spatial dependence), Huang (2008) models cross-sectional dependence through a factor

structure and propose to estimate the de-factored model with a fully modi�ed (FM) estimator.

These spatial econometrics techniques, however, have been the object of limited applied works

such as this study.
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For simplicity, I restrict the presentation to a spatial panel VAR of order one, spVAR(1),

the extension to higher order being straightforward. Let yit be a 3 � 1 vector with [FDIit;
Stringencyit; Openessit]

0 for the ith cross-sectional unit at time t. The spVAR(1) is expressed

in panel (t = 2; :::; T ; i = 1; :::; N) as follow2 :

Yt = e��+ e�Yt�1 + e�fWYt�1 + �t (1)

where Yt = [y1t; : : : ; yit; : : : ; yNt]
0, e� = (IN 
 (I3 � �)), e� = (IN 
 �), e� = (IN 
�),fW = (W 
 I3) ; IN is a N � N identity matrix and 
 is the Kronecker product. The

lag coe¢ cient are given by the 3 � 3 matrix �, while the lagged spatial coe¢ cients are
associated with the 3 � 3 matrix �. W is a N � N spatial weight matrix, which de�nes

the spatial arrangement of the observations. Its diagonal elements are set to zero, while

its o¤-diagonal components are a spatial function between any two pair of locations. The

theoretical foundation for W is quite general and the particular functional form of any single

element in W is, therefore, not prescribed. Although I experiment with alternative spatial

weights, the main results are based on a negative exponential scheme:

wij = exp
�

�di;j
MINr;i

�
if i 6= j

where the distance between locations i and j, di;j , is divided by the minimum distance

within the region r (where location i lies within region r). Each row of the spatial weight

matrix is standardized so that all elements sum to one. Therefore, the lagged spatial lag

parameters in � represent the averages values of the neighbors in the previous period. In

spatial econometrics literature, these coe¢ cients are named "third-country" e¤ects. The

inclusion of these spatial variables accounts for the fact that a shock in a given country

might need some time to extend over its neighborhood. This spatial process can play a key

role in spatial VAR impulse response functions and Granger causality.

The estimation of panel VAR similar to (1) without spatial features (� = 0) is a well-

studied problem. First, when T is small and �xed, it is necessary to impose some restrictions

on the initial observations. Second, it is important to mitigate the homogeneity bias by

specifying the unobserved individual e¤ects. Beenstock & Felsenstein (2007) discuss the

choice of �xed versus random e¤ects in spatial panels. For instance, if the sample happens

to be the population (e.g. countries), individual e¤ects should be �xed because each panel

cross-section represents unrandomly itself. Despite being subject to the classical inciden-

tal parameters problem, models with �xed e¤ects are more likely to be robust to possible

misspeci�cation of the distribution of the speci�c individual e¤ects.

2Model (1) does not include a current spatial lag (fWYt), because it is not well suited for forecasting

purposes.
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This explains why in practice, most empirical panel VAR applications are estimated in a �xed

e¤ects setting with the Generalized Method of Moments (GMM) (see for instance Campbell

& Lapham (2004) or Love & Zicchino (2006)). It is convenient to di¤erentiate between the

standard GMM estimators suggested by Holtz-Eakin, Newey & Rosen (1988) and Arellano

& Bond (1991), and their extended versions proposed by Arellano & Bover (1995), Ahn

& Schmidt (1995) as well as Blundell & Bond (1998). Di¤erence GMM relies on orthogo-

nality conditions between the disturbances in �rst-di¤erence with the lagged values of the

endogenous variables. Beside being asymptotically ine¢ cient, standard GMM su¤ers from

the �weak instrument�problem, when the data is persistent, and breaks down when the data

is not stationary (Binder et al. (2005)). That is why to overcome these drawbacks, extended

GMM estimators have been proposed. They are based on additional moment conditions

re�ecting homoskedasticity (Arellano & Bover (1995)) and initialization restrictions (Ahn

& Schmidt (1995)). Beside being consistent in the presence of unit roots, extended GMM

is more e¢ cient and less biased than standard GMM. Here I shall consider the moments

conditions associated with extended GMM and use iterated GMM as well as continuously

updated GMM estimators proposed by Hansen et al. (1996). This is because existing Monte

Carlo results for univariate panel data show that iterated and continuously updated GMM

are more e¢ cient than two-step extended GMM.

4 Empirical Results

In its simplest form, the pollution haven e¤ect is the result of changes in capital and trade

�ows due to modi�cations in environmental regulation. Therefore the focus on the em-

pirical analysis should be on the di¤erence between environment policy instruments across

countries and how this alter capital and trade �ows. In practice, measuring environmental

stringency is a di¢ cult mission, because it should capture how much more costly production

is in a given country relative to others in order to comply with the country�s environmen-

tal regulations (van Soest et al. (2006)). Yet, environmental stringency can take di¤erent

forms. Economic environmental instruments include taxes or charges on emissions or prod-

uct, tax/refund schemes to stimulate the environmental performance�s improvement, quotas

or tradable permits, direct public subsidies for environmental improvements, as well as en-

forcement incentives such as legal liability in case of environmental damage and �nes for

non-compliance. More generally, environmental regulatory instruments can cover the control

of the emissions, the use of resources, the choice of technology and the adoption of mandatory

standards or environmental labelling. In addition, the magnitude and enforcement of these

instruments may vary across sectors and industries. Since environmental regulation cannot

be measured directly, proxies have to be used.
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Finding a dynamic measure of environmental stringency is a di¢ cult task. I restricted

my search over environmental measures that have both within-country and between-country

variation in order to control for important unobservable factors that may in�uence the level

of stringency. The choices are severely limited, as most environmental regulatory indices

at the country level consists of cross-sectional estimates based on one year of data. In the

end, I consider three complementary proxies: sulphur dioxide (SO2) and carbon dioxide

(CO2) emissions as well as the number of international environmental treaties. Each of these

variables rely on di¤erent assumptions. The two air pollutant measures are output-oriented

indicators, while the number of treaties is an input-based measure. Output�based proxies

might be a better measure of environmental regulation, because they not only take into

account the level of stringency but also its actual enforcement. This is important because

the level of stringency is usually less time varying than its actual compliance. In fact, output-

oriented measures should, theoretically, be able to account for the existence of subsidies or

policy instruments which can o¤set the e¤ect of stricter regulation.

SO2 is a local/regional pollutant. Since its impact is local, the control of SO2 emissions

su¤ers less from a "free-ride problem" and has been the object of increasing regulation over the

years. In fact, it is one of the most signi�cant pollutants worldwide and highly correlated with

other pollutants (Xing & Kolstad (2002), MacDermott (2009)). Reductions in emissions may

be viewed as proxies for a host country�s e¤ective enforcement of environmental policies. The

major limitation of this variable is that SO2 emissions may re�ect environmental stringency

in a narrow way. Moreover, just like CO2 emissions, SO2 series are constructed from fuel

consumption data, rather than directly observed. Data on SO2 emissions is taken from Stern

(2005) and expressed as -1�log(SO2/GDP).

CO2 is a global pollutant, which is considered as the main greenhouse gas responsible for

global warming. Due to the fact that the damages caused by CO2 emissions are global, it

is subject to a "free-ride problem". There are few incentives for a government to modify its

environmental policy. This explains why CO2 has not been the object of strong regulation

at the country level and most of its regulation is based on inter-country agreements. Some

critics argue that CO2 emissions do not re�ect only environmental stringency, but also the

energy intensity of production Yet, CO2 is correlated with major pollutants like SO2 or NOx

(Ho¤man et al. (2005)). The data on CO2 emissions is obtained from the World Development

Indicators and formulated as -1�log(CO2/GDP) logarithm.

The number of participation in international environmental treaties constitutes another

cross-country proxy. Its main drawback is that its use as a proxy for environmental stringency

rely on very strong assumptions. First, one implicitly assumes that a rati�ed treaty will

automatically translate into stringer environmental stringency. This would probably be true

if there were sanctions for the non-respect of the treaty. Second, each country which signs

a treaty will implement the exact same instruments in terms of cost and mechanism to

comply with the regulation, which is unrealistic. The main advantage of this proxy is its
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data availability for a large number of countries. Following Xing & Kolstad (1998) as well as

Javorcik &Wei (2001) and Kirkpatrick & Shimamoto (2008), I construct an index that reports

the number of signed international environmental treaties. The information is collected from

the Environmental Treaties and Resource Indicators website.

Data on in�ow and inward FDI is collected from the UNCTAD website. The analysis will

mainly focus on FDI stock rather than �ows, because there are less missing values for stock

FDI and the latter is less subject to measurement errors. FDI is expressed as the logarithm of

FDI/GDP. Given that openness of an economy is di¢ cult to quantify, I follow the literature

and use the ratio exports and imports over GDP. Other measure like the Ito-Chinn index

(Chinn & Ito (2005)) which measures the country�s regulatory degree of capital account

openness are available. Unfortunately, for several countries the data is non-time varying over

more than 10 years. This leads to multicollinearity issues which a¤ect the estimation of the

remaining coe¢ cients. That is why this data is not considered here. The data on trade

openness is taken from the World Development Indicators.

4.1 Panel Unit Root Tests

Stationarity in each variable leads to straightforward interpretation and inference of the VAR

results, in particular in the case of impulse response functions. That is why before estimating

the model, careful analysis of the time series properties of the variables is needed. It is a well

established result that univariate tests such as the Dickey-Fuller (DF) and the Augmented

DF (ADF) test (Dickey and Fuller, 1981) are not powerful to reject the null of a unit root

given the short span of many time series. Applied literature has suggested to employ panel

unit root tests in order to increase the power of the tests by exploiting a large number of

cross-section units and overcome this issue.

The �rst generation of panel unit root tests includes among others Levin & Lin (1992) and

Levin et al.�s (2002) test, Im et al. (2003), the Fisher-type test proposed �rst by Maddala

and Wu (1999), then developed by Choi (2001) and Moon et al. (2007)�s point optimal

panel unit root test. Additionally, Hadri (2000) and Hadri & Larsson (2005) propose a

panel stationarity test. The common point of these tests is to assume (spatial) cross-section

independence. They assume that the individual time series in the panel are independently

distributed. Although this admittedly very strong assumption simpli�es the derivation of

the asymptotic distributions of the panel unit root and stationarity tests, Pesaran (2005)

�nds that the tests which fail to account for cross section dependence can be seriously biased

if the degree of dependence is su¢ ciently large. This is an issue, because a large amount

of literature provides evidence of co-movements between economic variables. Indeed, there

are several potential causes for cross section dependence: common observed and unobserved

factors, spatial spillovers e¤ects, or general residual correlation that remains after controlling

for common in�uences. Pesaran (2007) proposes a test for error cross-section dependence

that has correct size and su¢ cient power even in small samples.
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Although dealing with cross-section dependence in nonstationary panels has proved to

be a nontrivial task, a second generation of tests relaxing the cross-sectional independence

hypothesis has been proposed (Hurlin & Venet (2007)). Within this second generation of

tests, two general streams can be distinguished. The �rst approach relies on few or no

restrictions on the residual covariance matrix. Chang (2002), (2004), apply a nonlinear

instrumental variable methods or a bootstrap procedure to solve the nuisance parameter

problem due to cross-sectional dependence. To address this nuisance issue, Breitung & Das

(2005) propose di¤erent least squares estimation techniques and derive several series of tests

based on the t-statistics in the presence of weak dependence. Last but not least, Demetrescu,

Hassler & Tarcolea (2006) extend a linear combination of individual probits resulting from

ADF tests to account for cross-sectional dependencies in the probits.

The second approach relies on a factor structure speci�cation. The series are generated

by a linear dynamic factor model where the common and idiosyncratic components in�uence

all the cross-section units. In these type of models the common factor allows the dimensions

of the cross sectional covariance of the units to be reduced. As a consequence, this category

of tests relies on de-factored method making the idiosyncratic components more likely in-

dependent across cross-section units. Bai & Ng (2004) (2007) propose a Panel Analysis of

Nonstationary and Idiosyncratic Common Components method (PANIC), which consists of

extracting the common factor(s) by the method of principal components. The idiosyncratic

components is obtained by subtracting the estimated common factors from the observed

series. In contrast, Phillips & Sul (2003) and Moon & Perron (2004) apply a di¤erent trans-

formation matrix to project on the observed series to derive the idiosyncratic components.

The Choi (2006) approach relies on a two-way error component model assuming a single

common factor represented by a time e¤ect. To eliminate the cross-sectional correlations,

Choi extends the method proposed by Elliott et al. (1996) in a panel context. Pesaran (2007)

proposes to proxy a single factor and control for serially correlated error terms through cross-

sectional averages of the lagged levels and �rst di¤erences. While Phillips & Sul, Choi and

Pesaran consider the case of a single factor, Bai & Ng and Moon & Perron allow for several

common factors. Another important di¤erence between those tests is the order of integra-

tion. Bai & Ng�s PANIC procedure allows for di¤erent order of integration for common and

idiosyncratic components, unlike Moon & Perron and Pesaran. Several Monte-Carlo studies

show that Moon & Perron and Bai & Ng display good size and power, except in a constant

and trend speci�cation.

11



Before implementing any panel unit root test, I check if the data at hand (FDI/GDP,

-SO2/GDP, (Exports+Imports)/GDP) is characterized by cross-sectional as well as spatial

dependence. Table 1 reports the corresponding results. Independently of the speci�cation,

Pesaran�s CD test rejects the null of cross-sectional independence. The Moran I and Geary�s

C statistics reject the null hypothesis of no global spatial autocorrelation for standard level of

con�dence for almost each period. While environmental stringency and openness are spatially

dependent for each year, this is not the case with FDI in�ows. It is only over the years that

FDI has become more and more spatially correlated. This coincides with the strong expansion

of FDI since the beginning of the nineties. In addition, the spatial tests suggest that all the

variables are characterized by positive spatial correlation. In other words, the value taken on

by the variables at each location tends to be similar to the values taken on by the variables

at spatially close locations. This highlights the presence of potential cluster/agglomeration

e¤ects.

Table 1: Spatial and Cross-section Dependence Tests

FDI Stringency Openness

Moran I 1980 0.0135 0.002 0.068***

1985 0.034** 0.068*** 0.068***

1990 0.028** 0.12*** 0.056***

1995 0.044*** 0.163*** 0.017*

2000 0.052*** 0.174*** 0.059***

Geary C 1980 0.965* 0.959 0.909***

1985 0.943** 0.902*** 0.907***

1990 0.949** 0.868*** 0.912***

1995 0.936** 0.836*** 0.962

2000 0.932*** 0.833*** 0.914***

Pesaran CD No Constant 15*** 17.2*** 64.2***

Constant 15.4*** 15.5*** 56.4***

Trend 12.8*** 15.8*** 46.3***

Note: Moran I and Geary C check the absence of global spatial correlation.

The Pesaran test checks cross-section independence.

*** signi�cant at 1%, ** signi�cant at 5%, * signi�cant at 10%.
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Overall, the spatial correlation and cross-section dependence tests suggest that the as-

sumption of cross-section independence is likely to be violated. I will therefore focus on the

second generation panel unit root tests. However, for completeness, I will also report the

results associated with the �rst strand of panel unit root tests (see Table 2). The main issue

behind the second generation of panel unit root tests is that there is no preexisting reason to

prefer one cross-sectional dependence speci�cation over another one ("strong dependence" vs

"weak dependence"). This is important because a misspeci�cation of the underlying process

can invalidate the testing procedures.

Table 2: First Generation Panel Unit Root Tests

FDI Stringency Openness

Breitung (2000) Constant 6.57 5.15 0.284

Trend 6.37 2.96 -0.25

Maddala & Wu (1999), Choi (2001) No Constant 78.8 165 56.2

Constant 196 323*** 259***

Trend 244** 305*** 375***

Levin, Lin & Chu (2002) No Constant 6.16 8.77 10

Constant 3.66 -6.76*** -2.12**

Trend 8.72 5.25 -0.575

Im, Pesaran & Shin (2003) Constant 5.09 -4.2*** -1.52*

Trend -0.017 -6.17*** -8.55***

Hadri & Larsson (2005) Constant 20.5*** 19.1*** 16.1***

Trend 13.3*** 15.5*** 11.7***

Moon, Perron & Phillips (2007) No Constant 1.59 1.59 1.59

Constant 1.59 1.59 1.59

Trend 4.47 4.47 4.47

Note: Hadri & Larrson checks for stationarity, the remaining tests checks for a unit root.

*** signi�cant at 1%, ** signi�cant at 5%, * signi�cant at 10%.
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First, I consider the tests which do not restrict the residual covariance matrix (Chang

(2002), Breitung & Das (2005) and Demetrscu, Hassler & Tarcolea (2006). Most of them

rejects the null hypothesis of unit root. The only exception is the Chang�s non linear IV

procedure when the variables are modelled with a constant and a trend. Note that Chang

test�s results are robust to di¤erent nonlinear instrument generation functions.

Table 3: Second Generation Panel Unit Root Tests

FDI Stringency Openness

Chang (2002) No Constant 10.3 10.2 13.5

Constant 9.03 7.38 6.17

Trend -3.8*** -1.36* -10.2***

Breitung & Das (2005) Constant 2.22 1.66 -0.802

Trend 0.986 0.274 0.074

Demetrscu, Hassler & Tarcolea (2006) No Constant 6.37 2.33 1.98

Constant 2.47 -2.03** -0.321

Trend 6.37 2.33 6.08

Moon & Perron (2004) Constant -528*** -4640*** -20800***

Trend 0.573 0.452 7.06

Bai & Ng (2004) Constant -4.36*** -1.12*** -0.399***

Trend 3.21 6.67 6.21

Choi (2006) Constant -0.97 2.01** -0.585

Trend -0.765 -0.846 2.42***

Pesaran (2007) No Constant -1.32 -1.14 -1.19

Constant -1.84 -2.24** -2.16**

Trend -2.23 -2.59** -2.61**

Note: All tests have a unit root as null hypothesis.

*** signi�cant at 1%, ** signi�cant at 5%, * signi�cant at 10%.
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The tests which are based on a factor structure speci�cation yield mixed conclusions The

variable FDI does not seems to be a¤ected by a presence of a unit root in each cross-section,

which is not the case for environmental stringency and openness. The Bai & Ng and Moon

& Perron methods highlight the presence of a single common factor in the variable and the

error term, respectively. Note that the choice of the optimal number of common factors is

done using the robust procedure proposed by Alessi, Barigozzi & Capasso (2008), who show

that the standard procedure proposed by Bai & Ng leads in most cases to select the maximal

number of common factors available. The conclusions based on the panel unit root tests are

not clear-cut, therefore they should be treated carefully.

4.2 Estimation Results

Before investigating the consequences of accounting for spatial dependence, I estimate the

panel VAR of second order assuming the spatial correlation is zero. The order of the VAR

is determined as the average of the optimal lag for each individual cross-section using the

Schwarz Information Criterion. As suggested by Binder et al. (2005), the �xed e¤ect ap-

proach is preferable to the random e¤ect approach, since it allows for cross-sectionally het-

eroskedastic �xed e¤ects. Moreover, the countries in the sample are not selected randomly,

which justi�es the �xed e¤ects estimation. The non-spatial panel VAR(2) is estimated using

quasi-maximum likelihood as well as iterated GMM and continuously updated GMM. I re-

strict the order of the model to be 2, because deeper lag leads to severe multicollinearity. In

all speci�cations, I include time dummies to account for global time related shocks from the

errors. This allows to reduce potential bias due to the presence of cross-section dependence

in the errors. However, due to high multicollinearity the time dummies are removed before

estimation by detrending the data. Since Binder et al.�s QMLE procedure does not allow to

include strictly exogenous variables (e.g. lagged spatial lag variables), I turn to the continu-

ously updated GMM to estimate the SpVAR(2). To save space, I only display the estimates

associated with QMLE and Continuously Updated GMM for SO2/GDP in Table 4.

15



Table 4: Spatial VAR(2) Results

Q-MLE Continuously Updated GMM

Environmental Environmental

FDI Stringency Openness FDI Stringency Openness

FDI(t-1) 0.95*** -0.334*** 0.002 0.965*** -0.097* 0.004

(0.021) (0.013) (0.004) (0.027) (0.045) (0.003)

Env. Stringency (t -1) -0.188*** -0.031 -0.002 -0.068* 0.956*** -0.004

(0.013) (0.05) (0.005) (0.041) (0.056) (0.003)

Openness(t -1) -1.449*** 0.647 0.948*** 1.376 -0.081 0.947***

(0.397) (0.498) (0.029) (0.974) (1.23) (0.044)

FDI(t-2) 0.004 0.084*** -0.001 -0.04 0.008 0

(0.022) (0.021) (0.003) (0.027) (0.029) (0.002)

Env. Stringency(t -2) 0.069*** 0.131*** 0.004*** 0.028 -0.177*** -0.001

(0.016) 0.004*** (0.001) (0.031) -0.001 (0.002)

Openness(t -2) 0.601 -0.273 0.062** 0.777 -1.431*** 0.042

(0.466) (0.532) (0.03) (0.564) (0.546) (0.033)

Spatial FDI(t -1) -0.47** 0.41*** 0.008

(0.213) (0.158) (0.01)

Spatial Stringency (t -1) -0.065 0.559** 0.032**

(0.246) (0.27) (0.014)

Spatial Openness(t -1) 4.86 -1.396 -0.103

(3.543) (3.225) (0.225)

Spatial FDI(t -2) 0.584*** -0.207 -0.011

(0.218) (0.192) (0.011)

Spatial Stringency(t -2) -0.047 -1.184*** -0.047***

(0.272) (0.317) (0.016)

Spatial Openness(t -2) -8.313** 5.477 0.129

(3.864) (4.181) (0.246)

Countries 98 98

Years 21 21

Note: FDI is de�ned as FDI/GDP, environmental stringency is expressed as -1�SO2/GDP, while openness
corresponds to the ratio of imports and exports over GDP. Time e¤ects are removed prior to estimation.

Standard error are in parenthesis. *** signi�cant at 1%, ** signi�cant at 5%, * signi�cant at 10%.
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As mentioned previously, these preliminary results su¤er from multicollinearity, so they

should be cautiously analyzed. The most striking fact is the high value taken by the time

autoregressive coe¢ cient of almost each variable. However, a t-test shows that they are

signi�cantly smaller than 1, which rules out the presence of an homogenous panel unit root.

In the absence of spatial dependence, the results highlight the possibility of a pollution

haven e¤ect, i.e. stringer stringency has a deterrent e¤ect on inward FDI. Looking at the

environmental stringency equation, FDI seems to lead to laxer regulation. Part of this

mechanism is theorized in Cole et al. (2007) and Cole & Fredriksson (2008), where MNEs

are associated with the adoption of laxer environmental policy through lobby groups. These

results con�rm the likely endogeneity of environmental regulation with respect to FDI.

Taking into account the spatial interaction leads to additional interesting �ndings. For in-

stance, FDI in a given country is a¤ected by the stock of FDI in the neighboring countries.

There seems to be a direct competition of FDI between countries in the very short run (i.e.

negative sign for the �rst lag of spatial FDI), while in a longer run, there is evidence of a

complementary relationship and agglomeration e¤ect between countries�inward FDI. Envi-

ronmental stringency is also partially determined by spatial spillovers. In particular, FDI and

environmental regulation in the neighborhood has an impact on the level of environmental

stringency. In particular, the net e¤ect of the spatially weighted average of environmental

policy over the two lag is negative (0.559-1.184 = -0.625). This would suggest that on the

long run countries might compete in terms of environmental policies although on the very

short run this is not the case. A plausible explanation for this contradictory �nding lies in

the nature of the proxy. Knowing that SO2 is a regional pollutant, on the short run, SO2

emissions in a given country are positively correlated with the emissions of the neighboring

countries.

In order to check the relevance of the di¤erent variables in the system, it might be useful to

investigate whether these variables are determined in part by the remaining spatial and non-

spatial variables. The panel Granger tests3 are reported in Table 5 and provide additional

evidence that the spatial variables add valuable information. In particular, FDI is Granger

caused by environmental stringency, trade openness as well as FDI and environmental policy

in the neighboring countries. The fact that FDI in a given country is partially determined

by past FDI stock in the neighborhood is further evidence that FDI decision across coun-

tries are interdependent (Blonigen et al. (2007)). Environmental stringency is not only

Granger caused by past FDI but also by the lagged spatial lag associated with FDI, environ-

mental policy and openness to trade. In other words, previous FDI, environmental regulation

3A variable x is said to Granger cause y, if the information embodied in previous values of x are useful

for forecasting y. Note that Granger causality is in no way causality per se. See Paelinck& Mur (2009) for a

rigorous analysis of spatial causality.
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and trade openness in the neighboring countries are determinants of environmental stringency.

This corroborates the �ndings by Fredriksson & Millimet (2002) and Eliste & Fredriksson

(2004) which highlight the spatial nature of environmental policy between countries and

regions. The fact that today�s environmental stringency in a given country is based on the

past levels of stock of FDI and environmental regulation in the neighboring locations suggests

that countries tend to set their level of environmental stringency strategically as highlighted

by Kellenberg (2009). Finally, FDI as well as FDI and openness in the neighborhood Granger

cause trade openness. This con�rms the �ndings by Egger & Larch (2008), who show that

the probability to sign a trade agreement increases as the number of neighborhood countries

have already signed it.

Table 5: Panel Granger Causality Tests

�������������! Environmental

Granger causes FDI Stringency Openness

FDI - 16.137*** 5.912*

Environmental Stringency 28.171*** - 1.346

Openness 9.331*** 0.4 -

Spatial FDI 28.076*** 5.035* 8.892**

Spatial Environmental Stringency 8.063** 6.237** 3.215

Spatial Openness 2.535 2.506 5.437*

Note: F-test which tests no Granger causality as the null hypothesis.

*** signi�cant at 1%, ** signi�cant at 5%, * signi�cant at 10%.

Overall, these causality tests suggest a bidirectional relationship between FDI and envi-

ronmental stringency. This corroborates the endogeneity argument highlighted by recent

studies including Cole & Fredriksson (2009). Thus, any assessment of the pollution haven

e¤ect should take this econometric issue into account.

The previous �ndings are corroborated by the impulse response functions (IRFs). The

�rst set of IRFs are shown in Figure 1 and are associated with a shock in the non spatial

variables. The response is plotted over 10 years following a Cholesky one standard deviation

shock in each aspatial variable. In particular, a positive shock in environmental regulation

has a negative e¤ect on the level of stringency. This con�rms the evidence of pollution haven

e¤ect found previously. There is also evidence that a positive shock in inward FDI leads to a

laxer environmental stringency. Both results support the possible existence of a bidirectional

relation between FDI and environmental regulation.
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Figure 1: Impulse Response Functions

Figure 2 depicts the IRFs associated with a common shock in the neighboring countries.

This type of IRFs highlights the impact of spillovers e¤ects on the main variables. In partic-

ular, a positive shock in FDI in the neighborhood is followed by a decrease of inward FDI in

the host country. This corroborates the evidence of competition among countries to attract

FDI. On the contrary, there is evidence of positive spatial spillovers of neighboring countries�

environmental stringency on the host country�s environmental policy. This goes in line with

Davies & Naughton�s (2007) �ndings, who show that a given country is more likely to ratify

an international environmental treaty if its contiguous countries are signing or have signed

it.
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5 Conclusion

In this paper I investigated the relationship between FDI, environmental stringency and trade

openness taking into account spatial dependence. The very preliminary results con�rm the

existence of a pollution haven e¤ect. Panel Granger causality tests suggest that there is

a bidirectional causality between FDI and environmental policy. This �nding complements

recent theoretical and empirical works which highlights the importance of accounting for

the endogeneity of environmental stringency with respect to FDI. Last but not least, the

SpVAR illustrates through spatial Granger causality and spatial impulse response functions

the importance of spatial spillovers in the determination of the linkages between FDI, trade

openness and environmental regulation.
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