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Abstract This paper examines the environmental knowledge externalities of FDI within and
across cities in an emerging economy context. It argues that the extent of these environmen-
tal externalities is contingent upon local industrial agglomeration. Using a panel dataset of
280 Chinese prefectural cities from 2003 to 2012, we employ a spatial economic approach.
Although limited to evidence from soot and SO2 pollutants, our results suggest that FDI
brings overall positive environmental knowledge externalities to a region, and also spillovers
to nearby regions. Specialised cities may lock into a particular technological path, attenuat-
ing the absorption and diffusion of a variety of FDI environmental knowledge. Conversely,
diversified cities promote cross-fertilisation of environmental knowledge and mitigate local
pollution intensity at the aggregated city level. This study adds to the literature by high-
lighting the importance of considering both the spatiality of FDI and industrial structure in
understanding FDI environmental knowledge spillovers.

Keywords Foreign direct investment · Pollution · Industrial agglomeration · Specialisation ·
Diversity · China

JEL Classification L52 · O33 · O53 · R12 · R58

1 Introduction

The role of inward foreign direct investment (thereafter FDI) has long been debated and has
attracted substantial attention from both academics and policymakers. Considerable research
efforts have already been devoted to examining whether the presence of FDI catalyses pro-
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ductivity and technological spillovers that lead to growth in host countries’ industries or
regions (Crespo and Fontoura 2007; Driffield and Love 2007). Yet, critics see an exponential
trend of environmental degradation as a ‘hidden aspect’ of FDI-led growth in host countries
in the face of rising global environmental concerns (Pazienza 2014).

To date, the majority of existing studies have focused on exploring the environmental
impact of FDI on economic growth, the determinants of FDI-led pollution, and the stringency
of the environmental regulations in host countries to support or repudiate the existence of FDI
environmental benefits (Copeland and Taylor 2004; Dean et al. 2009; Dijkstra et al. 2011;
He 2006). The empirical evidence on the role of FDI on recipient countries’ environmental
performance however remains ambiguous and inconclusive (Erdogan 2014; Pazienza 2014).
Moreover, both dynamic and spatial dependence is vital to understanding the environmental
knowledge externalities of FDI (hereafter ‘FDI-EKE’), but they have seldombeen considered.
Few studies also consider the conditions under which FDI environmental spillovers might
appear, especially in the context of developing countries.

To this end, this paper intends to examine the FDI environmental knowledge externalities
within and across cities and how their extent is contingent upon local industrial agglomeration
in an emerging economy. The contributions of this paper are twofold. First, we contribute
to the inconclusive debate on the existence of FDI environmental spillovers by systemati-
cally considering both its spatial dependence and dynamic effect. These effects have often
been neglected in previous research. However, the economic geography literature has long
acknowledged the existence of effects from neighbouring regions rather than those limited
to within an area. These effects can be spatially correlated and cause autocorrelation across
geographic regions (LeSage and Pace 2010). It is also necessary to consider the dynamic
dimension of both pollution intensity and FDI in a region as their current levels may be
related to past ones (Driffield 2006; Perkins and Neumayer 2008). We are among the first
attempts to take into account both of these dynamic and spatial perspectives in order to shed
light on the inconclusive FDI-EKE, and to respond to the recent call for a more extensive use
of spatial models in studying environmental issues (Kyriakopoulou and Xepapadeas 2013).

Second, our study further makes an important attempt to reconcile the conflicting debates
surrounding the existence of FDI environmental externalities by suggesting that they are con-
tingent upon regional characteristics, such as industrial agglomeration. Although relatively
limited in number, several previous studies have suggested there is a link between local
industrial agglomeration and environmental performance (Cole et al. 2013; Costantini et al.
2013; Picazo-Tadeo and García-Reche 2007; Verhoef and Nijkamp 2008). We extend this
line of enquiry by linking two strands of literature on the environmental impact of FDI and
industrial agglomeration. We also, to the best of our knowledge, have made the first attempt
to investigate more specifically how different types of industrial agglomeration, namely, spe-
cialisation and diversity, unlock the environmental externalities that FDI may bring to the
hosting regions. Clearly, an understanding of such an underlying mechanism that can poten-
tially diffuse FDI-EKE is important for policymakers to promote FDI and coordinate local
industrial activities in order to benefit from FDI environmental knowledge spillovers.

We study the aforementioned relationships in the emerging market context of China. Over
the last three decades, China has witnessed remarkable economic growth, rapid industrial-
isation and urbanisation (Ning 2009; Wang et al. 2010). As of 2014, China was also the
world’s largest FDI recipient in 2014, overtaking the US for the first time since 2003, and
its regional industrial structure has undergone enormous development (Ning 2009) (see also
section 4.4 and Fig. 2). China’s economic success comes at an enormous environmental
cost, however, and the impact is felt both regionally and globally: 16 of the world’s 25 most
polluted cities are located in China (Cole et al. 2011; Zheng et al. 2010). This unique set-
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ting provides an opportunity to study the intensified relationship between FDI and pollution
within and across regions, as well as the effect of the rapidly developed regional industrial
structure. An understanding of the underlying mechanisms of regional characteristics can
clearly aid governments in designing policy that facilitates regions’ abilities to benefit from
FDI environmental spillovers and to better meet environmental challenges during economic
development. We have contrasted a unique city-level dataset from 280 Chinese cities from
2003 to 2012. To the best of our knowledge, this research uses the longest time period and
more pollutant measures at the city level and thus extends earlier empirical studies on China,
e.g. those of Cole et al. (2011) and Wang and Chen (2014).

The remainder of this paper is organised as follows. We first present a literature review on
FDI externalities, industrial agglomeration, and regional environmental performance. Next,
we outline our research methodology, data and variable measurements, and analysis. Finally,
our findings, policy implications, and research limitations are discussed.

2 Literature Review and Hypotheses Development

2.1 FDI and Environmental Spillovers

The proposition of the existence of FDI-EKEs is broadly similar to the knowledge transfer
mechanisms identified in the general FDI spillovers literature. When knowledge cannot be
appropriated fully by the organisation that created it, it spills over to other nearby organ-
isations that interact with it. Knowledge processed by an economic agent thus becomes a
function of the knowledge generation of another (Beaudry and Schiffauerova 2009; Feld-
man and Audretsch 1999; Krugman 1991). Direct FDI-EKEs are expected to occur through
technology transfer and licensing or ‘vertical or horizontal linkage’, where multinationals’
subsidiaries integrate local firms into their value chain as customers or suppliers. Local firms
thus learn to comply with the environmental standards and practices that are self-imposed
by multinational enterprises (MNEs) or their stakeholders (Perkins 2003; Zhu et al. 2012).
Indirect FDI-EKE, conversely, may take place via labour mobility as skilled workers shift
employment from MNE subsidiaries to domestic firms, thereby facilitating the local adop-
tion of environment efficient technologies (Cole et al. 2008). These externalities may also
occur through ‘demonstration effects’, whereby local firms imitate or adopt technologies
and operating practices successfully used by MNEs, thereby intentionally or unintentionally
improving environmental aspects of their technology efficiency. Local firms could also be
driven by heightened competition as a result ofMNEs’ entry to upgrade technologies, leading
to the improvement of environmental efficiencies (Albornoz et al. 2009; Huber 2008; Perkins
and Neumayer 2009).

For those scholars who suggest a positive FDI-EKE effect following the ‘pollution halo
hypothesis’, they contend thatmultinationalsmaybe less pollution intensive than their domes-
tic counterparts because they use more advanced and cleaner technologies, environmental
management systems and practices. The presence of FDI may eventually yield substantial
environmental benefits to the recipient developing countries due to the embedded environ-
mental knowledge in technology transfer and spillovers (Albornoz et al. 2009; Zarsky 1999).
Moreover, multinationals undertaking FDI are theorised as possessing an asset that gives
them superior competitive advantages over domestic firms, including advanced technolo-
gies, patents, trade secrets, brand and managerial practices (Blomström and Kokko 1998;
Crespo and Fontoura 2007; Meyer and Sinani 2009). They are more likely to bring new
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technologies to the host countries because of their need to exploit this ownership-based
advantage to outperform local rivals (Dunning and Lundan 2008). Technology advancement
means that potentiallymore environmentally friendly and less energy- and pollution-intensive
technologies are applied in production (Perkins and Neumayer 2008). The technique effect
and growth (scale effect) and industrial composition (structural effect) have been perceived
to be the central determinants of emissions intensity (Grossman and Krueger 1995).

For those scholars who argue the negative FDI-EKE, they follow the ‘pollution haven
hypothesis’ and suggest that increasing globalisation fuels multinationals’ relocation of
pollution-intensive production to countries with less stringent environmental and social
standards to circumvent environmental regulation-induced production costs in their home
countries. Host country governments will ‘race to the bottom’ by intentionally lowering their
environmental standards in the hopes of attracting more FDI and trade for growth, which
will eventually lead to greater environmental degradation (Javorcik and Wei 2004; Tole and
Koop 2010). Moreover, the presence of FDI can have a ‘crowding-out effect’, as MNEs with
advanced business acumen can outcompete domestic firms. These companies can offer supe-
rior products and services and higher pay, thereby drawing customers, investors, suppliers and
skilled employees away from domestic firms (García et al. 2013; Tian 2006). Domestic firms
may suffer from reduced profitability, leaving them with little to invest in modern equipment
and operating practices. The companies may instead rely on cheaper, outdated and more pol-
luting technologies to achieve cost minimisation. Moreover, given the weak environmental
regulatory and institutional development in the host developing countries, MNEs can choose
to transfer outdated and polluting technologies to avoid the cost of environmental regulation
compliance in their home countries. The presence of FDI could therefore be detrimental to
the local environment as the ‘pollution haven hypothesis’ postulates (Javorcik andWei 2009;
Wang and Chen 2014).

The empirical literature is also divided, offering ambiguous and inconclusive results on
FDI environmental spillovers. For example, Eskeland andHarrison (2003) examine the devel-
oped nation FDI patterns in Côte d’Ivoire, Morocco, Mexico, and Venezuela, and find that
foreign firms are less polluting than their peers in developing countries. Similarly, Javorcik
and Wei (2004) demonstrate that there is no evidence to support the pollution haven hypoth-
esis that foreign firms will relocate to Eastern European countries with weak environmental
regulations. In the same vein, Cole et al. (2008) show that foreign ownership and foreign
training of a domestic workforce have positive environmental implications based on a sample
of Ghanaian firms. Albornoz et al. (2009) find that both foreign-owned and domestic firms
with linkages with foreign companies are more likely to implement environmental manage-
ment systems in Argentina, thus supporting positive FDI environmental spillovers. Bao et al.
(2011) also show that FDI has reduced overall pollution emissions in Chinese provinces,
while Lan et al. (2012) show that positive FDI environmental spillovers depend on the level
of human capital.

In contrast, several scholars find negative or insignificant environmental externalities to
support a haven effect. For example, Andonova (2003) finds that the presence of FDI does
not necessarily lead to a higher rate of clean technology adoption in the central and eastern
European context. Perkins and Neumayer (2008) show that FDI does not have a significant
influence on domestic emission efficiency across over 90 developing countries. Similar to
the work of Zarsky (1999) and He (2006) finds empirically that a scale effect of industrial
output contributed by FDI in Chinese provinces would increase the level of the pollution
generated and have only a marginal impact on industrial emissions, although MNEs were
found to be generally more environmentally efficient. Similarly, Wang and Chen (2014) use
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a panel of Chinese city-level data and demonstrate that FDI in general generates negative
environmental externalities.

Several possible explanations for thesemixed empirical results could be diverse estimation
methods (e.g. panel vs cross-sectional data), different timeperiods ormodels of specifications,
or divergent contexts (regional vs firm, developed vs developing nations or across countries)
(Blomström and Kokko 1998; Crespo and Fontoura 2007; Görg and Greenaway 2004;Meyer
2004; Meyer and Sinani 2009). However, the fundamental issue is that both spatial and
dynamic effects are often not considered when studying general FDI spillovers, nor are FDI-
EKEandpollution levels in a region.These studies generally fall into two categories. First, one
common assumption is that the robustness checks of internal variables, specification testing
or the use of dummy variables are sufficient for estimations with regional dimensions. As
Autant-Bernard and LeSage (2011) and LeSage and Pace (2010) note, regional data are very
unlikely to be spatially independent. This approach could become biased because spatial
autocorrelation may affect the vectors of externalities estimated when agglomeration and
interregional interactions are considered (Driffield 2006). Similarly, mixed results could be
due to the omission of the dynamic dimension of the externalities. Current factor levels
can be related to their previous levels. These include FDI volume, accumulated experience
and knowledge through learning-by-doing, improvement in environmental technologies and
technology in general, the diffusion of environmental policy innovation, and pollution and
production levels (Cole et al. 2006; Driffield 2006; Hong and Sun 2011). Autocorrelation
across time and endogeneity issues can become serious issues in estimating the direction of
externalities (see also 3.2).

Moreover, although the theoretical debate and empirical evidence on FDI-EKE is far
from conclusive, there are numerous reasons to believe that the presence of FDI outweighs
its possible negative haven environmental effects and brings overall positive externalities to
emerging markets. This finding is observed primarily because the pollution abatement cost
is often negligible compared to the total costs of production relocation from developed to
emerging economies (Hoffmann et al. 2005; Meyer 2004; Zarsky 1999). Second, developing
countries or regions with less stringent environmental regulations can also be politically and
socially unstable.MNEsmaywell avoid relocating to these countries to protect their corporate
image and minimise the risks of operational disruption and environmental incidents which
may significantly outweigh the savings gained from lax environmental regulations (Tole and
Koop 2010). Third, MNEs are likely to use the same standards and practices, including
environmental ones, in production across all their markets. These companies pursue this
course regardless of whether they are in domestic or foreign markets or required by the
host countries or stakeholders to achieve scale economies and managerial simplicity, thereby
reducing the risk of environmental and production incidents (Angel et al. 2007; Meyer 2004;
Perkins and Neumayer 2009). Fourth, the ‘crowding-out effect’ may also be simply a short-
term dynamic adjustment in response to foreign competition. In the longer term, MNEs are
more likely to improve, rather than reduce, overall domestic environmental efficiency (Perkins
and Neumayer 2009). Finally, unlike developed countries where home-grown innovation
capabilities are robust, FDI is often the primary source of capital investment and newer
technology in developing countries (Poelhekke and Van Der Ploeg 2009; Wang et al. 2016)
and is thus more likely to be the source of technology transfer of environmental innovations
to improve host countries’ environmental efficiency (Perkins 2003).

Based on both the theoretical and methodological discussion above, we first take a fresh
look at the inconclusive FDI environmental externality debate both within and across regions,
as well as taking into account the dynamic effect in an emerging market context.
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2.2 Regional Dimension of FDI Environmental Knowledge Externalities and
Industrial Agglomeration

Another fundamental issue that may lead to these mixed results on FDI environmental
spillovers as discussed above, is that the presence of FDI in a region or foreign ownership
of a firm per se is often assumed to be the critical factor in developing countries. Whether
FDI has a positive or negative spillover effect, however, depends on both endogenous and
exogenous factors and not entirely on the amount of FDI inflows (Crespo and Fontoura
2007). This dependence also applies to FDI-EKE (Wang and Chen 2014). FDI spillovers can
be conditioned by a range of factors, such as local absorptive capability, effective linkages
between foreign and domestic firms in the local value chain, a sufficient stock and mobility
of local human capital, the level of foreign tangible assets, as well as pace and regularity of
the entry process (Crespo and Fontoura 2007; Lan et al. 2012; Meyer and Sinani 2009; Wang
and Chen 2014).

Although the literature specifically addressing the determinants of FDI environmental
spillovers is sparse, several attempts have been made to highlight the importance of local
capabilities. For example, based on a sample of Ghanaian firms, Cole et al. (2008) argue
that foreign ownership increases firms’ access to environmentally efficient technologies.
The use of such technologies, however, depends on the international experience or foreign
training of local managers. Similar findings have been published by Albornoz et al. (2009),
who show that firms with a greater proportion of skilled employees are more receptive to
FDI environmental spillovers in Argentina. Using cross-country evidence, Hoffmann et al.
(2005) show that spillovers are dependent on the host country’s level of development. Wang
and Chen (2014) note the importance of host country institutions in reducing FDI-led SO2

emissions in China.
Despite the small body of literature delineating the contingencies for FDI-EKE, the

regional dimension of FDI remains insufficiently studied. Most studies have yet to con-
sider the extent to which FDI externalities could differ across regions when different degrees
of proximity and agglomeration are considered. This may be a further cause of contradictory
results in previousworks. To our knowledge, the role of industrial agglomeration as an impor-
tant locus has yet to be fully understood. As argued by many scholars, knowledge spillovers
including environmental knowledge are often geographically bound, and regions could thus
differ substantially in the volume of knowledge creation (Beaudry and Schiffauerova 2009;
Feldman and Audretsch 1999; Krugman 1991). This is due to the tacit and contextual nature
of knowledge which requires interpersonal contacts for knowledge sharing and technologi-
cal learning. Economic agents’ potential to absorb new knowledge or technologies therefore
depends on distance. Firms and industries agglomerate to achieve spatial proximity and
benefit from localised non-pecuniary knowledge spillovers (Feldman and Audretsch 1999;
Krugman 1991).

Several recent pioneering studies have considered including certain regional aspects of
environmental performance and spillovers, although they do not directly focus on FDI, its
antecedents or the emerging market context. For example, Cole et al. (2013) find a spatial
correlation of carbon emissions by Japanese firms, thus indirectly indicating the possible
cause of regional industry agglomeration. Based on numerical simulation, Kyriakopoulou
and Xepapadeas (2013) conclude that spatially differentiated environmental policies and
industrial pollution act as centrifugal forces to industry agglomeration which results from
the regional natural cost advantages and knowledge spillovers. Costantini et al. (2013) find
that industrial specialisation, technological and pollution intraregional spillovers are highly
relevant in explaining regional environmental performance in Italy. As discussed earlier,
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FDI may bring new technologies to a region with potential environmental knowledge, and
the contingency views have shown some possible factors. We therefore have good reason to
believe that possible FDI-EKEwill be contingent upon different types of industrial structures,
namely, specialisation and diversity.

We elaborate upon the depiction of Glaeser et al. (1992) who formulated the Marshall–
Arrow–Romer (MAR) specialisation externalities and claimed that the concentration of an
industry in a region can encourage frequent interactions among firms in the same or related
fields, thus leading to intra-industrial knowledge spillovers. This is because specialisation can
lower transmission costs as the scale of the same industrial activities increases and engenders
the efficient sharing of specialised infrastructure, facilities, and industrial inputs, thereby
easing knowledge flows and fostering local collective learning (Beaudry and Schiffauerova
2009; Ó Huallacháin and Lee 2011) .

There are, however, some reasons to expect that specialisation may hinder knowledge
transfer, especially in regard to environmental spillovers. First, specialisation may result in
an improvement in a narrow range of technological activities. As the spillovers originate from
economic agents in similar technological fields, they may only spur incremental innovation
that primarily aims to increase productivity, rather than the creation of novel knowledge that
leads to radical innovation and fundamentally addresses production-related environmental
issues. Moreover, narrow specialisation may hamper interorganisational interactions and
reduce the opportunity for learning or knowledge recombining from different technological
fields (Beaudry and Schiffauerova 2009; ÓHuallacháin and Lee 2011). Hence, specialisation
may constrain the diffusion of FDI-EKE between domestic firms within and across regions.

Secondly, specialised regions may be more vulnerable to ‘locking in’ to a particular
technological path to diffuse environmental knowledge. This effect makes these regions
less flexible and means that it can be more difficult to adjust to exogenous changes, such
as technological changes (Drucker 2015; Ó Huallacháin and Lee 2011). It may reduce the
chances of the local absorptive capacity being compatiblewith technologies, such as potential
environmental knowledge in our case, brought by FDI to a region (Buerger and Cantner
2011). Moreover, as opposed to innovation which has mainly productivity implications,
environment-related innovation often involves adopting, updating, or replacing production
equipment and practices. This type of innovationmay require firms to develop newknowledge
based on a variety of knowledge sources in order to move away from the existing technology
areas and practices.

Third, even if specialisation may improve a region’s potential receptivity to new technolo-
gies from FDI, most domestic firmsmay be geared toward improving short-term productivity
and may be less likely to have any or specific aims to improve environmental performance
or efficiencies (Costantini et al. 2013). This effect may be more pronounced in the case of
developing countries where economic or efficiency gains are emphasised over environmen-
tal ones by both firms and policymakers. Firms may also disincentivise devoting long-term
commitments and costly investments to a less immediate financial return. Given that envi-
ronmental regulations are weakly enforced, FDI pouring into these specialised regions may
lead to an even higher level of pollution intensity both within and across regions.

In opposition to MAR, Jacob’s diversity externalities postulate that the local variety of
industries promotes intra-industry spillovers for knowledge creation in a geographic region
(Jacobs 1969). Jacobean scholars argue that the sources of knowledge creation and spillovers
are external to the industry within which a firm operates (Beaudry and Schiffauerova 2009).
There are two main reasons for these scholars to contend that Jacobean externalities are more
beneficial than the MAR ones in terms of diffusing FDI-EKE.
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First, the agglomeration of different industries in close proximity enables firms to draw
upon a variety of local knowledge sources, thereby providing a breeding ground for new
environmental ideas. This agglomeration is particularly favourable to radical innovation and
the emergence of new technology fields. Firms can explore, imitate, share, and recombine
complementary knowledge from various disciplines across industries (Harrison et al. 1996;
Quatraro 2010). Industrial diversity therefore promotes the search and experimentation in
innovationwhich lead to greater knowledge spillovers in a region (Beaudry and Schiffauerova
2009). This should also be very helpful for domestic firms seeking to test new technologies
with the environmental potential brought in by FDI or to recombine them with their existing
knowledge to innovate environmentally efficient products or services that better suit local
conditions.

Second, industrial diversity promotes the cross-fertilisation of ideas that is especially
helpful for firms to incorporate environmental solutions or inventions developed in their pro-
duction from one industry to another (Combes 2000; Neffke et al. 2011). The initial cost of
investment in environmental knowledge creation or problem-solving is lowered by spreading
it across a variety of activities across industries (Buerger andCantner 2011). Thus, unlike spe-
cialisation, which may promote knowledge spillovers and production efficiency, industrial
diversity could improve the overall environmental technological advancement of a region
(Ó Huallacháin and Lee 2011). It should also facilitate the diffusion of FDI environmental
technologies across different industries and mitigate overall pollution intensity at the aggre-
gate city level.

3 Methods

3.1 Data

The empirical context of this study is China, the world’s largest FDI destination and emerging
market. We construct a panel of 280 prefecture cities (hereafter ‘cities’) spread across the
entire country from 2003 to 2012. Within each city, 19 industries, as based on the classifica-
tions of the National Bureau of Statistics of China (NBS), are used to calculate the industrial
agglomeration variables. In total, we identify 2127 city year observations for our spatial
panel analyses, excluding missing values. Our sample includes cities from 23 provinces, 4
municipalities (‘super cities’: Beijing, Shanghai, Tianjin, and Chongqing), and 4 autonomous
regions. Cities from Tibet are excluded due to a lack of data, and Hong Kong and Macau
are excluded because they are subject to different administrative systems. The sample period
is determined by the availability of our dependent variables—industrial emission measures.
All data are compiled from various issues of the Urban Statistical Yearbook and the China
Statistical Yearbook for Regional Economy.

3.2 Estimation Methodology

To analyse the impact of industrial agglomeration and the spatial externalities of FDI on
the intensity and spatiality of pollution, there is a need for dynamic specification. Pollution
intensity can be proxied by its past level. It is important to capture the effect of learning
by doing and technology adoption from FDI, or other changes in the scale of operations
that may have a cumulative effect on emissions. A lagged dependent variable is therefore
included. Furthermore, as discussed in the literature review, spatial dependence must be
considered when studying interregional externalities (LeSage and Pace 2010). Pollution from

123



Does FDI Bring Environmental Knowledge Spillovers... 389

one location can be affected by neighbouring localities and lead to spatial autocorrelation
across space and time, rendering ordinary least squares (OLS) estimators invalid.

Previous studies such as that of Cole et al. (2013) have already found the level of regional
pollution is jointly and significantly determined by that of neighbouring regions. Similarly,
the flow of FDI to one region may be affected by others nearby (Ning et al. 2016). We thus
include the spatial lags of the dependent variables and FDI. Our estimationmodel is presented
formally below:

lnPollutioni,t = αi + γ lnPollutioni,t−1 + λ

n∑

j=1

Wi j,t lnPollutioni,t +
k∑

f =1

φk ln Xik,t

+β1 lnFDIi,t + ϕ

n∑

j=1

Wi j,t lnFDIi,t + β2 ln SPEi,t

+β3 lnFDIi,t × ln SPEi,t + β4 lnDIVi,t

+β5 lnFDIi,t × ln DIVi,t + μi,t

where i denotes the city and t the year. X represents f control variables (see 3.3.3). FDI
is the flow of foreign direct investment. SPE refers to industrial specialisation and DIV
denotes the industrial diversity of region i . We also include the interaction terms between
FDI, DIV and SPE. β and φ are the corresponding estimated parameters of the explanatory
and control variables and μi,t is the disturbance term. Pollutioni,t−1 is our time-lagged
dependent variable γ is its estimated coefficient.

∑n
j=1 Wi j denotes i , j th element of the

row standardised spatial weight matrix of n × n dimension that depends on the geographic
distance. n corresponds to the number of cities. The geographic distance is inverse squared to
reflect a gravity relationship among cities.

∑n
j=1 Wi j,t ln Pollutioni,t is the spatially lagged

dependent variable and
∑n

j=1 Wi j,t ln FDIi,t is our key spatially lagged explanatory variable;
we use them to proxy theweighted average of these two characteristics of neighbouring cities.
λ and ϕ are the corresponding estimated coefficients. All variables are in natural logarithm.

A standard approach to estimating a spatial economic model is to employ a maximum
likelihood method (Elhorst 2014; LeSage and Pace 2010); however, this approach is not
designed to handle the potential endogeneity of both serially and spatially lagged regressors.
For example, reverse causation may well generate estimation problems in studies of regional
pollution performance. FDI may lead to reduced or increased pollution intensity, but less
polluted or dirtier regions are also more likely to attract or deter FDI. Moreover, the explana-
tory variables may have an impact upon pollution intensity, which may also have an impact
upon some (or all) of the explanatory variables. These endogeneity issues may arise in such
circumstances. OLS estimation will tend to overestimate the effects of the explanatory vari-
ables. The conventional fixed effect transformation is also insufficient to control for spatial
autocorrelation and becomes correlated with the lagged dependent variables in our dynamic
model.

We therefore employ the system generalised method of moments (SGMM) estimation
method with robust standard errors. SGMM is regarded as an appropriate method for dealing
with unobserved heterogeneity and endogeneity, aswell as situations inwhich the explanatory
variables are not strictly exogenous. Furthermore, SGMM is also suitable for short panel
datasets, as it allows the use of first differences of the equation above to eliminate fixed
effects, as well as the use of instruments of further lags and lagged levels of explanatory
variables and the endogenous dependent variable, including both those of time and spatial
lags. This method also helps to more fully exploit the available moment conditions in a finite
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sample (Blundell and Bond 1998). We use the first differences of the second and third lags
and lagged levels of dependent and explanatory variables as instruments and Hansen’s J
test to check their overall validity. The Arellano–Bond (AR) test is also employed to detect
the existence of the first or second order serial correlation. Finally, the two-step covariance
matrix is implemented for finite sample correction, as suggested by Windmeijer (2005).

3.3 Variables

3.3.1 Dependent Variable

Pollution intensity the dependent variables for our estimations are the log of a city’s total
amount of industrial pollution emission over its geographic area as a proxy for pollution inten-
sity in a given city area to reflect the spread of pollution.We employ three pollution indicators:
sulphur dioxide emissions (SO2), waste water (WATER) and soot and dust (SOOT) in tons
per square kilometre of the cities. SO2 comes mainly from mining and smelting activities
with the use of hard coal, brown coal and petroleum. Waste water refers to industrial waste
water that is produced mainly through industrial processing of petroleum and coke, smelting
and processing rawmetals, chemicals, and paper. By contrast, soot and dust (SOOT) originate
from a relatively large variety of industries. We use these polluters as our environmental indi-
cators because they can better reflect the environmental impact of rapid industrialisation and
urbanisation that has taken place in China over the last 20years (Cole et al. 2011; De Groot
et al. 2004; He et al. 2014). The official data are also available for a reasonably long period at
the city level to allow the use of panel analysis and to control for unobserved heterogeneity
across regions.

3.3.2 Explanatory Variables

FDI we employ the annual flow of inward FDI scaled by total population in a city to proxy
the density and presence of inward FDI and to reduce the heterogeneity of territorial units.
The FDI inflow is the actual utilised amount of capital in millions of Yuan. This is based
on the theoretical justification that new technology is often embedded in the new capital
investment flows into a location (Bajo-Rubio et al. 2010; Cheung and Lin 2004; Driffield and
Love 2007).
Industrial Specialisation (SPE) To measure the Marshall externalities originating from intra-
industry specialisation in a city, we adopt the Krugman specialisation index (Krugman 1991).
This index is defined as follows:

SPEi =
n∑

j=1

∣∣∣∣
Ei j∑n
j=1 Ei j

−
∑m

i=1 Ei j∑n
j=1

∑m
i=1 Ei j

∣∣∣∣

where Ei j is employment in industry j in city i , and n andm are the total number of industries
(max.=19) and cities (max.=280), respectively. The higher the value of city i’s SPEi is the
more it deviates from the average of the entire country and the more it is considered to be
specialised.
Industrial Diversity (DIV) To measure the impact of the urban diversity of industries (Jacobs
externalities), we follow the work of Marrocu et al. (2013) and construct a diversity variable
(DIV) as follows:
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DIVi=1
/ k∑

j=1, j ′�= j

[Ei j/(Ei − Ei j )]2

where k is the total number of industries.We employ theHirschman-Herfindahl concentration
index on employment, but exclude industry j which is considered when the diversity of the
city and industry j is calculated ( j ′ �= j). This indicator avoids linking the diversity of an
industry with its own specialisation. The index is then inverted to allow us to interpret a
higher DIV value as a greater degree of industry diversity in a city. Again, we descale this
index by the city’s diversity relative to that of the entire country.

3.3.3 Control Variables

We control for several factors that may affect a city’s pollution intensity. Similar to the
environmental Kuznets curve function (Grossman and Krueger 1994), we first control for the
scale effect which arises through the growth potential and size of a city; it is proxied by the
GDP growth rate. Scale2 captures the non-linear form between GDP growth and pollution.
Technique refers to the effect of changes on the techniques of production or technological
progress on pollution that comes from domestic technological sources (Cole 2000). It can
also proxy the technological absorptive capability of a city for FDI. We use the share of
the number of science and technology employees over the total employment of a city in
a similar fashion to Jones’s (1995) proxy of research and development (R&D) which used
the number of scientists and engineering employees. We also seek to control for the effects
resulting directly from industrial output on the spread of pollution in a city, rather than
for a simple structural effect caused by a shift in the composition of the local economy.
The structural changes are found to play a relatively minor and debatable role in affecting
pollution emissions (Perkins and Neumayer 2009; Stern 2004). We therefore use the total
industrial output (output) measured in 10,000 RMB and scaled by city area to proxy the
changes in the intensity of industrial activities.

Next, we control for urban features that may have an impact on pollution. We first include
local environmental stringency (stringency) as it can increase pollution abatement costs and
potentially reduce regional pollution. We capture this effect by using the total number of
state environmental staff over the population, following the work of Dean et al. (2009), as it
reflects the resources government devotes to managing pollution. The transportation density
(transport) is measured by the number of travel journeys over the population. We use it to
control for the degree of interactions as a result of the available transportation infrastructure
in the city (He and Wang 2012). We also include cities’ total trade (import and export) to
control for their openness (Copeland and Taylor 2004; Dean et al. 2009).We expect that cities
with higher environmental stringency, better interconnectedness, and stronger technological
capabilities have low yields of pollution intensity (De Groot et al. 2004; Zhang and Fu 2008).

4 Empirical Results

4.1 Descriptive Analysis

InFigs. 1 and2,wefirstmapout the spatial distributionof our keyvariables usinggeographical
information systems (GIS). The maps offer a visual representation of our expected results
across cities in 2004 and 2012. Figure 1 illustrates two snapshots of the spatial distribution of

123



392 L. Ning, F. Wang

Fig. 1 Spatial distribution of industrial pollution intensity of soot and dust, SO2 and waste water

Fig. 2 Spatial distribution of FDI, industrial specialisation and diversity

three pollutants, SOOT, SO2 and WATER. SO2 was heavily concentrated in cities in Hubei,
Hunan, Shandong and Liaoning provinces, as well as the Hebei area in 2004. The 2012
map highlights a concentration trend such that the SO2 intensity had become even more
pronounced in these areas. The map of soot and dust in 2004 shows a more concentrated
pattern in Shanxi, Sichuan, Zhejiang, and South East China. While these pollutants remain
more heavily concentrated in Shangxi, the disparity of SOOT intensity between regions has
been reduced and is dispersed more across the entire country. The distribution of waste
water is different from the above two pollutants: waste water is clustered around principal
watercourses such as the Changjiang, Huanghe, and Zhujiang delta areas.
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Figure 2 shows the uneven geographical distribution of per capita FDI inflows, whichwere
largely concentrated in cities in coastal regions, such as Tianjin, Jiangsu, Zhejiang, Fujian
and Guangdong in 2004. While these regions maintain a large share of FDI, there is also an
increase in the density of FDI intensities in their surrounding cities. Certain areas in central
and western regions have also increased their FDI inflows, e.g. cities in Hunan, Jiangxi, and
Henan. The distributions of FDI and pollution intensity also seem to be clustered, indicating
possible spatial autocorrelation among cities.

Figure 2 also illustrates the spatial distribution of relative specialisation and diversity
in 2004 and 2012. When comparing the two snapshots, it is noticeable that cities in the
inland and central and northeast regions have become increasingly specialised, while the
distribution in the coastal regions is more scattered. The degree of diversity in the coastal
and central regions also shows an increasing trend, but the overall pattern across cities is
very scattered in different provinces. When comparing all maps, diversified areas in most
regions have relatively low pollution intensity; the opposite is true for specialised regions.
However, it is difficult to visualise an explicit relationship between all pollutants and FDI—
either positive or negative—prior to controlling for their dynamic and spatial effects, as well
as for the total regional industrial output. These preliminary results highlight the importance
of considering these effects and warrant further exploration of the visual patterns through
our spatial econometric analysis.

4.2 Spatial Regression Analysis

We present the summary statistics and correlation matrix of the variables in Table 1. The cor-
relation coefficients between the dependent and independent variables are relatively high and
indicate a good selection of variables.We have further checked for potential multicollinearity
by both inspecting the value of the correlation coefficients among independent variables and
computing the variance inflation factors (VIF). All values are within an acceptable range
with a mean VIF value of 1.63. The correlations between SPE, DIV and three pollutants
are negative. We must interpret these pairwise correlations with caution because they only
present the contemporaneous effect and do not account for the moderating effects and spatial
dependence we include in our econometric analysis. Unlike our spatial regression analysis,
the correlations here cannot inform the directionality and temporal relationships between the
variables.

The regression results are reported in Tables 2, 3 and 4. We first inspect the consistency
of the SGMM estimators, which requires valid instruments and the absence of a second-
order serial correlation (Blundel and Bond 1998). We use the lagged first differences of the
dependent and explanatory variables from year 2 to 3 as instruments, and also employ the
Hansen test for overidentifying restrictions and the overall validity of the instruments in the
estimation process. In all tables, the insignificant values of the Hansen J-statistics across all
our models support the view that the instrumental variables are uncorrelated to residuals.
Moreover, the Arellano–Bond (AR) tests in all models indicate that the first-order AR(1) and
not the second-order AR(2) error terms are serially corrected. This finding further supports
the use of GMM for our estimation in our models.

Tables 2, 3 and 4 also report the results of our SGMM estimations individually with three
different pollution indicators as dependent variables. For each set of estimations, we first
include our control variables and the main explanatory variable, FDI. This is followed by
including the interaction terms with specialisation and diversity in the following models.
For models (1)–(5) in all three tables, Pollutioni,t−1 is positively significant at the 1% or
below level. This indicates the importance of considering the past emission levels of all three

123



394 L. Ning, F. Wang

Ta
bl
e
1

D
es
cr
ip
tiv

e
st
at
is
tic
s
an
d
co
rr
el
at
io
n
m
at
ri
x

V
ar
ia
bl
es

M
ea

n
SD

1
2

3
4

5
6

7
8

9
10

11
12

1.
So

ot
i,
t

0.
44

1
1.
22

5
−

2.
SO

2i
,t

1.
36

5
1.
27

5
−

−
3.
W
at
er

i,
t

8.
29

5
1.
42

1
−

−
−

4.
IF
D
I i

,t
3.
62

7
1.
73

2
0.
33

8
0.
40

6
0.
53

2
1.
00

0

5.
SP

E
i,
t

3.
81

3
0.
37

3
−0

.1
82

−0
.2
37

−0
.3
30

−0
.1
96

1.
00

0

6.
D
IV

i,
t

3.
45

2
0.
30

7
−0

.2
09

−0
.3
20

−0
.3
82

−0
.3
31

−0
.2
09

1.
00

0

7.
Sc
al
e i

,t
2.
59

8
0.
24

8
−0

.0
27

−0
.0
06

−0
.0
90

−0
.0
12

−0
.0
48

0.
02

5
1.
00

0

8.
Te
ch
ni
qu

e i
,t

0.
18

9
0.
64

7
−0

.0
60

−0
.0
51

−0
.0
80

0.
11

0
−0

.3
17

0.
44

0
−0

.0
01

1.
00

0

9.
O
ut
pu

t i
,t

6.
71

9
1.
61

3
0.
57

6
0.
69

9
0.
78

9
0.
69

5
−0

.2
47

−0
.4
09

−0
.0
96

−0
.0
13

1.
00

0

10
.S
tr
in
ge
nc
y i

,t
2.
63

3
0.
66

7
0.
16

2
0.
16

2
0.
04

1
0.
42

7
−0

.0
46

0.
02

2
0.
05

9
0.
36

0
0.
22

1
1.
00

0

11
.T
ra
de

i,
t

11
.4
35

2.
12

1
0.
12

8
0.
16

8
0.
27

5
0.
29

1
−0

.1
05

−0
.1
95

−0
.0
47

−0
.1
48

0.
33

6
−0

.0
33

1.
00

0

12
.T
ra
ns
po

rt
at
io
n i

,t
2.
85

1
0.
71

8
0.
22

3
0.
31

0
0.
37

1
0.
47

9
−0

.0
26

−0
.2
65

−0
.0
46

0.
06

7
0.
52

2
0.
27

5
0.
13

4
1.
00

0

123



Does FDI Bring Environmental Knowledge Spillovers... 395

Table 2 System GMM regression models for soot and dust

DV: soot and sust Model 1 Model 2 Model 3 Model 4 Model 5

Pollutioni,t−1 0.493*** 0.475*** 0.481*** 0.509*** 0.512***

(0.078) (0.075) (0.078) (0.080) (0.079)

W∗Pollutioni,t 0.426*** 0.408*** 0.400*** 0.382*** 0.352**

(0.140) (0.133) (0.138) (0.145) (0.147)

FDIi,t −0.322*** −0.364*** −0.342*** −0.330*** −0.296***

(0.101) (0.102) (0.105) (0.104) (0.095)

W∗FDIi,t −0.738*** −0.657*** −0.636** −0.812*** −0.825***

(0.266) (0.251) (0.289) (0.259) (0.291)

Scalei,t 1.092** 1.044** 1.214** 1.106** 0.955*

(0.511) (0.502) (0.532) (0.531) (0.516)

Scale2i,t 0.067** 0.064** 0.074** 0.070** 0.059**

(0.029) (0.029) (0.030) (0.030) (0.029)

Techniquei,t −0.201*** −0.203*** −0.251*** −0.243*** −0.278***

(0.076) (0.072) (0.073) (0.073) (0.078)

Outputi,t 0.890*** 0.853*** 0.829*** 0.945*** 0.928***

(0.243) (0.229) (0.253) (0.236) (0.253)

Stringencyi,t 0.081 0.079 0.062 0.142 0.132

(0.118) (0.115) (0.113) (0.121) (0.123)

Tradei,t 0.007 0.007 0.005 0.007 0.007

(0.008) (0.008) (0.008) (0.009) (0.009)

Transportationi,t −0.065 −0.065 −0.073 −0.071 −0.077

(0.052) (0.052) (0.050) (0.052) (0.053)

SPEi,t 1.191** 1.646***

(0.517) (0.596)

FDIi,t
∗SPEi,t 0.214**

(0.090)

W∗FDIi,t ∗SPEi,t 0.297***

(0.106)

DIVi,t −1.731* −1.772**

(0.907) (0.859)

FDIi,t
∗DIVi,t −0.272*

(0.160)

W∗FDIi,t ∗DIVi,t −0.303*

(0.164)

AR(1) 0.000 0.000 0.000 0.000 0.000

AR(2) 0.473 0.433 0.441 0.490 0.473

Hansen test 0.473 0.387 0.455 0.185 0.105

Number of cities 280 280 280 280 280

Observations 2118 2118 2118 2118 2118

DV dependent variable. Standard errors in parentheses, *** p ≤ 0.01; ** p ≤ 0.05; * p ≤ 0.1
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Table 3 System GMM regression models for SO2

DV: SO2 Model 1 Model 2 Model 3 Model 4 Model 5

Pollutioni,t−1 0.530*** 0.497*** 0.495*** 0.538*** 0.544***

(0.072) (0.070) (0.070) (0.072) (0.072)

W∗Pollutioni,t −0.545* −0.709** −0.579** −0.580* −0.549**

(0.288) (0.301) (0.278) (0.297) (0.277)

FDIi,t −0.140** −0.188*** −0.149** −0.140** −0.111*

(0.066) (0.071) (0.065) (0.065) (0.057)

W∗FDIi,t −0.502*** −0.437*** −0.459*** −0.513*** −0.553***

(0.160) (0.150) (0.146) (0.165) (0.168)

Scalei,t 0.691** 0.939*** 0.884*** 0.708** 0.609**

(0.321) (0.291) (0.304) (0.329) (0.310)

Scale2i,t 0.039** 0.052*** 0.050*** 0.040** 0.034*

(0.018) (0.016) (0.017) (0.019) (0.017)

Techniquei,t −0.111 −0.119** −0.139** −0.113 −0.121*

(0.068) (0.060) (0.061) (0.072) (0.071)

Outputi,t 0.433*** 0.412*** 0.402*** 0.441*** 0.449***

(0.153) (0.152) (0.139) (0.154) (0.147)

Stringencyi,t −0.024 −0.036 −0.024 −0.026 −0.031

(0.072) (0.071) (0.073) (0.076) (0.075)

Tradei,t −0.003 −0.001 −0.001 −0.003 −0.004

(0.005) (0.005) (0.005) (0.005) (0.005)

Transportationi,t 0.031 0.025 0.028 0.030 0.029

(0.030) (0.030) (0.030) (0.030) (0.030)

SPEi,t 0.948*** 0.883**

(0.368) (0.445)

FDIi,t
∗SPEi,t 0.162***

(0.060)

W∗FDIi,t ∗SPEi,t 0.146*

(0.075)

DIVi,t −0.248 −0.508

(0.486) (0.510)

FDIi,t
∗DIVi,t −0.042

(0.084)

W∗FDIi,t ∗DIVi,t −0.098

(0.095)

AR(1) 0.000 0.000 0.000 0.000 0.000

AR(2) 0.572 0.814 0.648 0.562 0.588

Hansen test 0.568 0.188 0.214 0.675 0.786

Number of cities 280 280 280 280 280

Observations 2,120 2,120 2,120 2,120 2,120

DV dependent variable. Standard errors in parentheses, *** p ≤ 0.01; ** p ≤ 0.05; * p ≤ 0.1
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Table 4 System GMM regression models for waste water

DV: waste water Model 1 Model 2 Model 3 Model 4 Model 5

Pollutioni,t−1 0.838*** 0.792*** 0.784*** 0.874*** 0.871***

(0.125) (0.130) (0.127) (0.117) (0.117)

W∗Pollutioni,t 0.628 0.597 0.624 0.458 0.485

(0.454) (0.439) (0.434) (0.482) (0.472)

FDIi,t −0.103* −0.121* −0.105* −0.081 −0.059

(0.060) (0.063) (0.064) (0.059) (0.058)

W∗FDIi,t −0.055 −0.066 −0.082 −0.039 −0.036

(0.113) (0.112) (0.121) (0.111) (0.114)

Scalei,t 1.322*** 1.275*** 1.309*** 1.351*** 1.230***

(0.418) (0.387) (0.404) (0.412) (0.416)

Scale2i,t 0.080*** 0.077*** 0.079*** 0.081*** 0.073***

(0.025) (0.023) (0.024) (0.024) (0.024)

Techniquei,t −0.046 −0.043 −0.053 −0.049 −0.052

(0.054) (0.050) (0.051) (0.056) (0.054)

Outputi,t 0.074 0.101 0.102 0.052 0.032

(0.089) (0.090) (0.092) (0.087) (0.088)

Stringencyi,t 0.023 0.024 0.031 0.013 0.005

(0.068) (0.064) (0.066) (0.068) (0.069)

Tradei,t 0.004 0.004 0.004 0.003 0.002

(0.006) (0.005) (0.005) (0.005) (0.006)

Transportationi,t −0.002 −0.003 −0.006 −0.012 −0.013

(0.032) (0.030) (0.030) (0.031) (0.031)

SPEi,t 0.395 0.415

(0.331) (0.368)

FDIi,t
∗SPEi,t 0.080

(0.058)

W∗FDIi,t ∗SPEi,t 0.084

(0.066)

DIVi,t −0.794 −0.972

(0.630) (0.625)

FDIi,t
∗DIVi,t −0.145

(0.110)

W∗FDIi,t ∗DIVi,t −0.195

(0.120)

AR(1) 0.000 0.000 0.000 0.000 0.000

AR(2) 0.454 0.413 0.439 0.500 0.428

Hansen test 0.313 0.461 0.520 0.363 0.231

Number of cities 280 280 280 280 280

Observations 2,127 2,127 2,127 2,127 2,127

DV dependent variable. Standard errors in parentheses, *** p ≤ 0.01; ** p ≤ 0.05; * p ≤ 0.1
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pollutants, as it positively influences the current level and therefore shows the persistence of
pollutions. The spatial lags,Wln(Pollutionit ), are statistically significant throughout models
(1)–(5) for SOOT and SO2. Ceteris paribus, these results indicate the presence of spatially
dependent pollution among neighbouring cities in China. For each 10% increase in the
average level of pollution emission intensity in neighbouring cities, SOOT emission intensity
increases approximately 4%, while SO2 declines approximately 5%. We do not, however,
find any significant spatial dependence of WATER, although it shows the expected positive
signs throughout the relevant models.

It is worth noting that the opposite signs between the spatial lags of SO2 and SOOT
and the insignificant sign of waste water may be related to the emission nature of these
pollutants. As discussed in the variables section, soot and dust are generated during the
process of industrial production from a large variety of sources, e.g. coal burning, metal
smelting and processing, and cement and concrete production. They are therefore difficult to
abate across sectors. Given that the aforementioned interlinkages between cities such as the
cross-regional industrial value chains, an increase in demand in the upstream or downstream
sectors of the value chains in one city can raise the supply in neighbouring cities and vice
versa (Liu et al. 2009). As a result, rising production and associated emissions of an industry
in a city can drive up the production and associated emission levels of related upstream or
downstream industries in its neighbouring areas in the regional industrial supply chain. By
contrast, SO2 is generated mainly from only a few sources, such as burning sulphur-intensive
fuels and mining activities. The technologies to reduce SO2 emissions are relatively easier to
implement by adopting ‘end-of-pipe’ techniques to retain the sulphur content or by switching
to lower sulphur fuels (De Groot et al. 2004; Zhang and Fu 2008). For example, this can
be achieved by closing down mines or power stations or shutting down small-scale glass,
cement and oil-refining factories in certain areas in China (Cole et al. 2008). The negative
relationship between a city’s sulphur emission levels and its neighbours’ could be observed
as the concentration process of this pollutant from the city to neighbouring locations and
as being driven by its increasing scale in those areas. This is also visually confirmed by
our map in Fig. 1. The impact of waste water emission among regions, however, does not
exhibit spatial dependence. This might be because the interregional effects were constrained
by the heterogeneous levels of local water treatment infrastructures, drainage systems, and
the quality of water from the complex hydrological systems clustered on large watercourses
(Hatt et al. 2004). It is therefore unable to generate a cross-city interregional effect in the
country as a whole. This is also visually depicted in Fig. 1.

For our key explanatory variable, we expect FDI to reduce pollution intensity. As expected
and shown in Tables 2 and 3, the effects of FDI are most pronounced in reducing SOOT (β
in the range of −0.296 to −0.364) and SO2 emissions (β in the range of −0.111 to −0.149),
and show negative and statistical significance throughout models (1)–(5). For waste water in
Table 4, FDI has the expected signs across models, but is consistently statistically insignifi-
cant. These results support that when SO2 and SOOTare used as pollutants, FDI demonstrates
interregional knowledge spillovers, thus reducing a city’s emissions levels. In terms of FDI’s
interregional spillover effects, W*FDI is negatively and significantly associated with SO2

and SOOT at the 1% significance level. Ceteris paribus, our results suggest that for each 10%
increase in FDI intensity in neighbouring cities, there is approximately a 7% decrease in
SOOT emission intensity and a 5% decrease in SO2 intensity. Moreover, the coefficients of
W*FDI are much greater than those of FDI. These results suggest the spatial dependence of
environmental FDI and indicate that cities benefit from FDI flows received in neighbouring
regions in reducing the emission intensity of these two pollutants. Again, we do not find such
an effect for WATER. When SO2 and SOOT are used as the pollutants, FDI brings over-
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all greener technologies to a location and has both inter- and intraregional environmental
spillover effects.

Regarding industrial agglomeration, our results reveal that the primary effect of SPE
is positively and significantly related to the pollution intensity of SOOT, (β = 1.191 and
1.646, P < 0.05 and 0.01, respectively) and SO2, (β = 0.948 and 0.883, P < 0.01 and
0.05, respectively) in models 2 and 3 and Tables 3 and 4. These suggest that industrial
specialisation increases a city’s pollution level. The interaction term SPE*IFDI is positive
and significant (β = 0.214 and 0.162, P < 0.05 and 0.01 in model 2 of both tables), showing
the positive moderating effect of specialisation on the relationship between FDI and the two
pollutants. The spatial interaction term of W*IFDI*SPE in model 3 in both tables is positive
and significant (β = 0.297 and 0.146, P < 0.01 and 0.1). This finding indicates that the
intra-regional FDI-EKE is similarly positively moderated by a city’s industrial specialisation
and that its strength was reduced for SOOT and SO2.

By contrast, we find that the main effect of industrial diversity (DIV) is negatively related
to all three pollutants. It is only statistically significant, however, when SOOT is used as the
dependent variable (β = −1.731, P < 0.1). This also applies to W*IFDI*DIV, which is only
negative and significant for SOOT (β = −1.772, P < 0.05) and implies an enhancing effect
for W*FDI when SOOT is used as the pollutant indicator, although the other two indicators
have the expected signs. These results also reflect the nature of these pollutants because
SO2 originates from several industrial sources and is therefore less amenable to effects from
FDI spillovers, which benefit from the cross-fertilisation of environmental techniques from a
variety of industries. Taken together, cities with a greater level of specialisation foster higher
aggregate emissions of both SO2 and SOOT. Higher diversity can facilitate the diffusion of
FDI environmental knowledge and bring down the aggregate level of emissions of SOOT.

For our control variables, scale is significantly and positively related to all three pollutants,
as is scale across all models in Tables 3 and 4. This result suggests the linear rather than non-
linear effect of scale in ourmodels. Technique is negatively correlatedwith all three pollutants,
but is only significant throughout all models in Table 3 and only partially in Table 4 for SO2.
Industrial output is positive and significant at the 1% level throughout all models for SO2 and
SOOT. For these two pollutants, the results of our control variables indicate that cities with a
larger scale, higher industrial activities, and a lower level of technological capability, aremore
likely to have a higher emissions’ intensity.Moreover, our results concerning the other control
variables of stringency, trade and transportation are insignificant. This might be because
environmental stringency requires far more management resources than the current level (He
et al. 2014), transportation is not a main source of industrial pollution in China (He et al.
2002), and itmight reflect the international efforts to tackle trade-related emissions (Grossman
and Krueger 1991). Taken together, these results still indicate that pollution reduction relies
heavily on technological improvement and innovation; FDI has been an important source.
Again, we find our models are poorly suited to estimate the effects on WATER.

We further conducted several robustness tests to check the extent to which our results
are affected by alternative specifications. First, we used alternative spatial weight matrices,
which include the row normalised binary contiguity matrix and K-nearest neighbour weight
matrix with 3 and 5 neighbours as did LeSage and Pace (2010). Our main results remain
materially unchanged. Second, we adopted various benchmark thresholds within 10% of the
total employment of a city when calculating industrial agglomeration (Ning et al. 2016).
Our results remain duly unaffected. We also included road mileage in the cities to proxy a
city’s connectedness and exclude transportation and trade from our models. Our main results
remain robust and largely unaffected. Our results are not robust when all control variables
are removed from the models which is most likely a result of omission effects. When we
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further include an additional control variable, a ratio of mining and manufacturing over
primary sector employment, our estimation for soot and dust remains duly unchanged. Our
models on the two pollution measures are however sensitive to the additional control variable
and indicate first order serial autocorrections which render these models invalid. Research
limitations are discussed in the conclusion.

5 Discussion and Conclusions

Although there is a large and growing body of literature that is devoted to studying FDI pro-
ductivity and knowledge spillovers, the environmental impact of the investment also deserves
attention because it affects the sustainability of economic growth. This paper investigates the
spatiality of both FDI and pollution intensity, as well as their interaction with local industrial
structures. We also consider the spatial dependence and dynamic effect of pollution intensity
and FDI and use the SGMMmethod to address endogenous regressors. Based on the analysis
of a panel of 280 Chinese cities for the period from 2003 to 2012, we made what is, to the
best of our knowledge, the first attempt to explain the intra- and interregional mechanisms
that moderate FDI environmental knowledge externalities. We thus provide a contingency
view and new empirical evidence to reconcile the conflicting FDI environmental spillover
effects following the halo and haven hypotheses. We also visualise the distributions of our
key explanatory variables, FDI, pollution intensity and industrial structures.

Our empirical results indicate the existence of environmental externalities fromFDIwithin
and across regions. Ceteris paribus, FDI brings environmental knowledge and has positive
spillovers in the city of investment, leading to reduced pollution intensity. Cities also benefit
more from FDI received in neighbouring regions than in their own city when it comes to
improving their environmental performance, thus indicating an interregional flow of envi-
ronmental knowledge. Our results are broadly in support of the pollution halo thesis at the
aggregated regional level. This is in line with the wider findings of the literature on positive
FDI knowledge and technology spillovers (e.g. Crespo and Fontoura 2007;Meyer and Sinani
2009), as well as those of studies more specifically related to environmental externalities (e.g.
Albornoz et al. 2009; Bao et al. 2011; Cole et al. 2008; Huber 2008; Perkins and Neumayer
2008). Of the three pollutants, however, only industrial air emissions, SO2 and SOOT have
shown consistent results and demonstrate both spatial and time dimension dependence. This
result is consistent with previous work that has examined these two dimensions separately
using air emissions as pollution measurements (e.g. Cole et al. 2013; Perkins and Neumayer
2008). Our research highlights that the characteristics of pollutants, such as their geographi-
cally dispersive nature, the varieties of sources and prevention techniques, should be carefully
considered as they may contribute to the inconclusiveness of FDI-EKE.

While corroborating the positive FDI-EKE supported by the halo thesis, our results are
also not at odds with negative FDI-EKE as seen in the pollution haven hypothesis. Rather, we
suggest that one should view FDI-EKE from both the contingency and spatial perspectives.
We thus attempt to reconcile the inconclusive debate by suggesting that FDI-EKE is depen-
dent on certain regional characteristics to unlock ‘silver linings’. As knowledge transfer and
learning takes place through firm interactions, we consider industrial agglomeration as the
important regional dimension that causes variation in a region’s absorptive capability to gain
from the environmental knowledge brought by FDI.

Our results indicate that pollution intensity increases with regional industrial speciali-
sation, which, in turn, attenuates FDI-EKE within cities. The same relationships hold for
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interregional effects. An increase in a city’s specialisation limits the extent of FDI-EKE from
its neighbours. Specialised cities may be locked into a particular industrial file or technology
path, leading to an inability to absorb and diffuse a variety of greener technologies brought
by FDI, and resulting in inflexibility in adjusting to external technological changes. More-
over, specialisation may only improve productivity in a narrow range of industries, and it is
possible that it cannot positively impact local environmental performance. This is because
domestic firms, especially in developing countries, such as China, may focus primarily on
the former and see little need to improve the latter.

By contrast, pollution intensity decreases with industrial diversity which further promotes
FDI environmental spillovers in the region of investment. In terms of interregional effects,
diversity enables cities to disseminate FDI-borne environmental knowledge to neighbours.
As a result, it mitigates pollution intensity as a whole at the aggregated city level. Our results
thus echo the Jacobean view that the cross-fertilisation of industrial knowledge plays a key
role in technological spillovers (Beaudry and Schiffauerova 2009; Buerger and Cantner 2011;
Combes 2000); however, we do not expect that it exerts any influence across all pollution
measures because in the context of a developing country, diversitymay lead to aweak regional
knowledge base, thereby reducing the absorptive capability for advanced knowledge from
FDI (Wang et al. 2016). Nevertheless, our results indicate that industrial diversity may lead
to a reduction in pollutants, such as soot, that come from a large variety of polluting sources.
In short, this paper further extends earlier studies that examine the relationship between
pollution and industrial agglomeration. We contribute to existing theories by linking the two
strands of literature on the environmental impact of FDI and industrial agglomeration, and
conceptualise a moderating effect of the latter to reconcile the inconclusive FDI-EKE debate.

In policy terms, our empirical analysis yields several important points for consideration in
improving regional environmental performance. First, technology, including environmental
know-how, is often embedded in FDI flowing to recipient countries. FDI thus presents a
great potential for knowledge spillovers, including environmental knowledge externalities,
to both the city of investment and its neighbours. Policies continuously attract and promote
FDI to a greater extent, especially in the emerging market context where local technological
capabilities are weak. Second, our results have demonstrated the spatial dependence of FDI-
EKE. Cities also benefit more from inter- than intraregional FDI-EKE. To maximise the
benefit from spillovers, the policy focus needs to be on the interconnectedness of industries
within a location and of cities in nearby regions to encourage greater sharing and spread
of environmental knowledge from FDI. Third, the inconclusive FDI-EKE studies primarily
focus on the effects of FDI within a location. Less attention has been paid to the underlying
regional mechanisms. This has created confusion and a dilemma for regional authorities
looking to promote FDI. Based on our analysis, we reveal that regional characteristics play
a vital role in absorbing and disseminating knowledge embedded in FDI. Specialised cities
may be more geared towards absorbing FDI productivity spillovers, and therefore, more
environmentally oriented policies are needed tomaximise FDI-EKE. Specialisation also often
comes with inflexibility to external technological changes. Furthermore, policy must focus
on improving the technology, managerial and operational practices and standards that may
lead to raising environmental efficiency in the region. Diversified cities can foster a breeding
ground for domestic firms to experiment with environmental ideas through interaction with
foreign firms. This facilitates the spread of environmental knowledgewithin and across cities,
although its influence is weak and not effective across all pollutants. Policy should thus be
steered towards improving regional technological bases to enhance FDI-EKE.

This paper is not without limitations and future research can further explore these issues
and extend the literature. First, our results are based on a single-country study. The empir-
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ical context is China which has received a huge amount of FDI and has experienced rapid
urbanisation and industrialisation in a very short period of time. Our results therefore might
be particularly pronounced compared to other countries. The replication of this research in a
cross-country context would be a very promising step to generalising the contingency view
and the effect of FDI-EKE proposed here. Future research could also explore other regional
dimensions to extend this line of enquiry. Second, our research is limited by the availability
of sectorially disaggregated data in the empirical context we chose. Sectorial distribution
of FDI may reveal the types of FDI and the linkages it builds with local industries which
can create increased environmental spillovers. We are also limited by our data to use alter-
native measures such as local R&D expenditures to measure technological improvement,
and longitudinal legal or levy changes to measure stringency. Moreover, we have adopted the
employment-based agglomerationmeasures,which have been commonly used in the previous
literature and are applicable to different geographic levels (O’Donoghue and Gleave 2004).
Although they indicate the intensity of industrial agglomeration activities, they do not reflect
the effect of local sectoral composition which future research can further investigate. Third,
we are also limited by the availability of firm-level data that could help elucidate a firm’s
motivations and interactions with foreign subsidiaries which may affect industrial emission
behaviours within and across regions. Last but not least, a more complicated framework is
needed to understand more detailed FDI-EKE diffusion mechanisms, such as the threshold,
ownership and motivations of FDI, technological gaps between foreign and domestic firms
or levels of industrialisation that can potentially facilitate more FDI-EKE. Although we are
limited by our data in achieving these, our research, based on a regional-level analysis, pro-
vides a contingency view of industrial agglomeration on FDI environmental spillovers. We
thus inform the inconclusive debate and provide practical ways forward for regions to benefit
from such spillovers and meet environmental challenges.

Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 Interna-
tional License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons license, and indicate if changes were made.
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