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1. Introduction

The past decades have seen considerable interest among academics and
policymakers regarding inward foreign direct investment (FDI) and potential spillovers
from foreign to domestic firms. A number of developing countries have attempted to
attract foreign investors with preferential fiscal incentives in order to build an industrial
cluster and participate in global value chains, whereby local firms can absorb advanced
technology brought in by multinational firms through various channels, such as the
imitation of advanced production technology, the mobility of skilled workers, and
buyer-supplier linkages on intermediate goods. Policies for FDI have been justified by
potentially positive externalities from highly productive multinationals and the spatial
agglomeration of industrial activities.

Motivated by these reasons, a large number of empirical studies have estimated the
spillover effects of FDI in a wide variety of countries and industries. However, the
evidence so far has been quite mixed, and the existing evidence is inconclusive as to
whether we should promote FDI for local industry development (Gorg and Greenaway,
2004).* To reconcile the mixed evidence, recent studies have examined the geographic
scope of FDI spillovers because knowledge transfers tend to be localized over space
(Jaffe et al, 1993; Audretsch and Feldman, 2004). Specifically, the studies, such as
Barrios et al. (2006), Girma and Wakelin (2007), Halpern and Murakdzy (2007), and
Nicolini and Resmini (2007), examine whether local firms tend to benefit more from
foreign firms in nearby locations than those in distant locations. These studies generally
suggest that spillover effects are regional in space and are stronger for the local firms
closer to the presence of foreign firms.

An unexplored question in the previous studies is whether local FDI spillovers
could yield any further spatial externalities over other regions. Given that domestic
firms in one region benefit directly from foreign firms in the same region, it is plausible
that additional knowledge transfers could occur from one region to another among a
group of local firms. Through spatial interactions between firms in proximate regions,
other domestic firms in neighboring regions may also benefit from knowledge transfers
that stem from FDI activity in distant locations. Meanwhile, there are two forces in
determining the extent of such spatial knowledge transfers from FDI. First, the distance
would gradually dissipate knowledge transfers because the quality of knowledge decays
over distance (Keller, 2002). Second, the agglomeration of FDI activity could

! Supporting evidence for vertical spillovers from FDI has been relatively stronger than horizontal
spillovers. Havranek and Irsova (2011) conducted a meta-analysis to show that the average spillover
to suppliers is quantitatively large.



strengthen the density of knowledge flows, which in turn could mitigate the decay
process of spatial multiplier effects. The net spatial externality from FDI will be
determined by the spatial distance of knowledge flows and the density of FDI activity.
To the best of our knowledge, such a hypothesis has not been subject to formal analysis,
and its assessment should provide an important implication for policies on FDI
attraction and industrial clusters.

This paper seeks to quantify a local spillover from foreign-owned firms to
domestically owned firms and its spatial multiplier effects from FDI agglomeration. For
this task, we employ a firm-level dataset on Chinese manufacturing firms in the four
provinces of the Yangtze River Delta area: Shanghai, Jiangsu, Zhejiang, and Anhui. This
region provides an interesting case for our investigation. As is well known, coastal
regions have received a substantial amount of FDI inflows and achieved higher
economic growth compared with inland provinces in China (Xu and Sheng, 2012).
Foreign investors have been attracted to the eastern region not only for its natural
advantage such as access to marine ports, but for policy measures taken by local
governments. Nevertheless, a spatial concentration of FDI varies significantly even
within this region; for instance, foreign firms tend to concentrate more in Shanghai than
in Anhui. Thus, the spatial distribution of FDI in this region provides an ideal setting for
investigating whether FDI agglomeration yields spatial spillovers.

We design an empirical strategy in two steps. First, we estimate the extent of local
spillovers from foreign to domestic firms in the same county and similar industries.
Computing the average productivity of domestic firms for each county and industry, we
relate the regional productivity to FDI agglomeration as measured by foreign firms
number, employment, or value added. While we control for the other determinants of
regional productivity, the potential endogeneity of FDI agglomeration poses a challenge
for causal inference. For instance, the more productive local firms may cluster together
around an area with larger FDI, which would introduce an upward bias in the estimate
of local FDI spillovers. To address this issue, we exploit the fact that FDI activities are
concentrated around Shanghai province for better access to marine ports. Thus, we use a
variation in the county’s distance from Shanghai port as an instrument for the presence
of foreign firms. In the estimation, we check the validity of our instruments and
examine the direction of endogeneity bias.

Second, we specify a spatial-autoregressive model to estimate spatial spillovers
from foreign to domestic firms. The model explicitly takes into account the spatial
dependence of the regional productivity of domestic firms by a spatial-weighting matrix.
This implies that regional productivity is influenced more by other domestic firms in



nearby locations and less in distant locations. A reduced-form of the model shows that
regional productivity in each industry and county is related to a spatial diffusion process
of local spillovers from foreign to domestic firms. The spatial-weighting matrix allows
us to consider the role of distance in the spillover processes of FDI agglomeration.

Our findings can be summarized as follows. First, we find that FDI agglomeration
has a significantly positive impact on the regional productivity of domestic firms. For
instance, a 10% increase in the number of foreign firms in a given sector and county is
associated with a 1.5% increase in regional productivity. This finding is robust to a
variety of alternative specifications, such as the measurement of productivity and FDI
agglomeration. Second, an estimation method of instrumental variables shows that an
estimated coefficient of FDI agglomeration is systematically larger than that in an
ordinary-least-squares estimation. We interpret these results as suggesting that an
endogeneity bias is downward toward zero, possibly because less productive domestic
firms tend to cluster in the areas with FDI agglomeration. Third, we find that FDI
agglomeration has a significantly positive effect even after controlling for the spatial
dependence of regional productivity. Based on a conservative estimate of FDI clusters,
we simulate a spatial multiplier effect of increasing the number of foreign firms in each
province. Mapping out the average effects on regional productivity, we find that
spillovers from foreign to domestic firms are strong in the same location and decay over
distance toward the other provinces.

The evidence of FDI agglomeration in the Yangtze River Delta is in stark contrast
with previous studies on agglomeration economies in China. For instance, Ke (2010)
investigates an effect of industrial agglomeration on urban labor productivity, using 617
Chinese cities in 2005. Measuring agglomeration by employment density, he finds little
evidence of agglomeration economies. On the other hand, Hashiguchi and Chen (2012)
employ a Bayesian spatial econometric approach to study agglomeration economies in
Shanghai, Jiangsu, and Zhejiang for 2009, using county-level data. Consistent with the
findings in Ke (2010), they also find that agglomeration economies are weak. Our
analysis here implies that industrial agglomeration of high productive firms such as
foreign investors tend to generate a positive externality, but such positive spillovers
could be offset by a congestion effect of the agglomeration of low productive domestic
firms. Thus, overall industrial agglomeration may not yield positive externalities.

The rest of this paper is organized as follows. Section 2 describes data sources and
compares productivity between foreign and domestic firms, followed by the mapping of
the location of foreign firms. Section 3 explains an empirical framework to quantify
local spillovers from FDI by addressing an endogeneity issue. We also specify a spatial



model to estimate a spatial effect from FDI. Section 4 shows estimation results and
presents a geographic distribution of spatial multiplier effects from a hypothetical
increase in FDI activity. Section 5 summarizes the analysis and discusses policy
implications.

2. Data Description

This section starts to explain data sources, followed by a description of firm-level
productivity estimation and a productivity comparison between foreign and local firms.
Then, we map out the location of foreign-owned firms in the Yangtze River Delta in
China to illustrate the spatial concentration of foreign firms.

2.1. Data Sources

A main source of data is the Chinese industry statistical database by China’s
National Bureau of Statistics. This database is based on the annual survey of
manufacturing enterprises in mainland China with sales of 5 million renminbi or more,
including state-owned enterprises, privately owned firms, and foreign-invested
enterprises. Since the survey is mandatory for firms to respond, the sample coverage is
comprehensive.? This dataset is also used in prior research, such as Brandt et al. (2011).

This paper exploits a cross-sectional variation in firm activities during 2004 for two
reasons. The 2004 survey is more comprehensive than other years’ surveys in that the
survey information includes the level of education for employees. Such information is
critical for measuring the quality of labor used for manufacturing production. In
addition, our objective is to examine whether local firms in one region benefit more
from FDI agglomeration than those in another region in the long run. A cross section
dataset is appropriate for a spatial econometric model, which allows us to explore the
long-run impact of FDI agglomeration on domestic firms.*

Using the 2004 database, we first construct valued added for each firm from output,
value-added tax, and intermediate input. The sample firms with negative values for their
estimated value added and out-of-operation status are excluded. Capital is measured by
the sum of fixed and intangible assets. Labor consists of the total of employees with
varying levels of education: primary and secondary school, community college,

2 For instance, the survey for 2007 covered 330,000 enterprises in China, which accounted for
nearly 90% of total industrial output as reported in the Chinese Statistical Yearbook.

% In this paper, we do not examine whether a short-run change in FDI agglomeration improves the
economic performance of local firms in one region more than those in another region. Martin et al.
(2011) examined the short-run effect of industrial agglomeration on plant-level productivity for
French firms.



university, and graduate school. Finally, our measure of agglomeration is constructed by
aggregating the number of foreign-owned firms in manufacturing across counties and
industries. Finally, we exclude the firms in the tobacco industry, which are strictly
regulated by the Chinese government.

Our analysis focuses on four provinces in the Yangtze River Delta area: Shanghai,
Jiangsu, Zhejiang, and Anhui. These provinces constitute the three major areas of
industrial agglomeration in China; other areas include the Bohan ring area around
Beijing and Tiangjin and the Pearl River Delta area in Guangdon. The remarkable
growth of industrial activities and international trade in these major areas has driven the
Chinese economy and attracted a substantial amount of foreign investment. Thus, this
region is ideal for analyzing the impact of industrial clusters on firm-level performance.

Other data sources used for analysis include the Chinese population census in 2000
and the geographic information files. From the population census, we use information
on the total population and urban population in each county. The information on the
latitudes and longitudes of each county is used to measure a geographic area and the
distance between the Shanghai marine port and other counties.

2.2. A Productivity Comparison between Foreign and Domestic Firms

A crucial premise in investigating FDI spillovers is that knowledge flows should
occur mainly from more productive firms to less productive firms, rather than vice versa.
Some firms are more efficient in production and sales than other firms due to their
superior managerial know-how, production technology, marketing skills, and corporate
brand. Indeed, these firm-specific assets in knowledge capital allow foreign firms to
invest abroad and operate their production plants in a more difficult market than their
home market (Markusen, 2002). However, there is no prior evidence that foreign firms
in the region of interest are more productive than domestic firms. Thus, we compare
productivity between foreign and domestic firms to validate the premise of our study.

As we focus exclusively on cross-sectional variation in our dataset, we simply
require a measure of productivity that indicates a relative ranking of one firm over
another at a point in time.* Intuitively, one firm is more productive than another if it
produces more output from the same amount of input or if it is able to produce the same
output with less input. To capture this relative efficiency ranking, our first measure is
labor productivity defined as In(q;/H;) for firm i, where q; is the value added of firm
iand H; isthe amount of efficient labor employed by that firm:

* For this reason, we do not use more sophisticated measures of productivity, for instance, by Olley
and Pakes (1996) and Levinsohn-Petrin (2003).



Hi = Xsexp(¢s)Li(s). (1)
¢ is an indicator of returns to investment in education via public schooling, and s is the
years of schooling. L;(-) is the number of workers with the corresponding education s.
Following a comprehensive survey on returns to investment in education by
Pasacharopoulos and Patrinos (2004), we set ¢ at 0.17. This suggests that an additional
year of education increases labor efficiency by 17%.

Our second measure is total factor productivity (TFP). We assume that production
function for firm i is described by a Cobb-Douglas form, g; = A;K;"<H;’», where A; is
its efficiency level that is observed by a producer, but not by an econometrician; K; is
capital input. We use an ordinary-least-squared estimator (OLS) to estimate a log-linear
form of the above production function for individual firms in each industry at the
two-digit level. Based on the OLS estimates of the elasticity of capital and efficient
labor to value added, we calculate the log of the residuals as a proxy for In(TFP,).

We compute both labor productivity and TFP for the sample of 97,947 firms. A
correlation coefficient of these variables is 0.89, suggesting that a relative ranking of
firm-level productivity is generally robust to the measurement. From a conceptual point
of view, we consider labor productivity to capture knowledge spillovers from FDI to
workers’ productivity at local firms and TFP to capture the spillover effects on the broad
aspect of unobserved firm efficiency. Before proceeding to a productivity comparison,
we emphasize that the estimation of TFP involves many issues in practice. Van
Biesebroeck (2007) assesses the strengths and weaknesses of alternative estimation
methodologies, suggesting that no single estimation method excels in the presence of
factor price heterogeneity, measurement errors, and the misspecification of production
technology. Therefore, we employ both labor productivity and TFP in the analysis.

To compare productivity between domestic and foreign firms, Table 1 presents the
summary statistics of the sample used for regression. As it is often argued that the
nationality of foreign investors may have a different impact on local firms, we also
disaggregate foreign ownership by foreign country, such as Hong Kong, Macau, and
Taiwan (HMT), and others. It is evident that unconditional productivity as measured by
labor productivity and TFP is higher for foreign firms than domestic firms in terms of
the mean and median. Among foreign investors, the summary statistics indicate that
HMT foreign firms are relatively less productive than non-HMT foreign firms.

~--Table 1---

To conduct a statistical test, we estimate the following equation for firm i, industry j,



and county k:

Vijk = By + B, Fi + 6; + O + ik 2)
where y is a measure of firm-level efficiency; F is a dummy variable that takes on unity
if firm i is owned by foreign investors, and zero otherwise; §; is an industry-fixed
effect; oy is a county-fixed effect; and ¢ is an error term. Table 2 presents the
estimation results of the equation by OLS. Column (1) shows that labor productivity is
on average 7.9% higher for foreign firms than domestic firms. Column (3) also indicates
that TFP is on average 8.8% larger for foreign firms. In both cases, the productivity
difference is significant at the 1% level. Additionally, columns (2) and (4) show that
foreign firms originating from countries except for Hong Kong, Macau, and Taiwan are
particularly more productive than domestic firms. Taken together, the results provide the
first piece of evidence to motivate our investigation of FDI spillovers in the region.

---Table 2---

2.3. Geographic Distribution of Foreign Firms

We proceed to provide a second piece of evidence on FDI agglomeration to
motivate our empirical study. To this end, we focus exclusively on foreign firms in the
sample and aggregate the number of foreign firms at the county-level. The total number
of foreign firms in each county is then shown in the geographic map of four providences
in the Yangtze River Delta. Figure 1 illustrates a geographic distribution of foreign firms,
where a darker region exhibits a greater number of foreign firms. It is evident that
foreign investors are concentrated more in Shanghai province than in Anhui province,
implying a strong agglomeration force for FDI activity toward the coastal locations.
Along the coastal regions from Jiangsu province to Zhejiang province, a number of
foreign firms exist in clusters. While Coughlin and Segev (2000) find a spatial
dependence of FDI inflows in China at the provincial level, our data suggest that such
spatial dependence force is likely to be at work across counties within each province.

---Figure 1---

A concern in the above finding is that the number of firms may not necessarily
represent the economic size of foreign-firm activities across regions. To address this
concern, we also create a county-level measure of FDI activity with the total number of
workers employed by foreign firms and the total volume of their valued added. Then,
these measures are illustrated in the same geographic map as in Figure 1. While these



maps are not shown here to save space, we find that FDI activities measured by
employment and value added are also concentrated in the coastal regions, which are
pronounced more toward Shanghai province and less toward Anhui province. Taken
together, we show a spatial concentration of FDI activities in the region to motivate the
empirical investigation of the effects of FDI agglomeration.

3. Empirical Framework

This section shows the empirical framework to investigate the spatial impact of FDI
clusters on domestically owned firms. We first explain an empirical strategy to identify
the causal impact of foreign firms on domestic firms in the same county and similar
industry, which are referred to as local spillovers from FDI. Then, we specify a spatial
model to estimate the spatial effects of local FDI spillovers, which are referred to as
spatial spillovers from FDI.

3.1. Local Spillovers from FDI

We first address the question of whether local firms in one region are on average
more productive than those in another for knowledge spillovers from FDI. We focus on
regional variations because policy initiatives for FDI in China have been made by a
local government at the county-level (Ding, 2010). From a policymaker’s point of view,
it is relevant to examine a regional difference in firm performance compared with a
firm-level difference within the same location. Thus, we exploit a variation in the
regional average of firm productivity in a given industry to identify local spillovers
from FDI clusters.

Using the sample of domestically owned firms, we compute the regional
productivity of local firms for industry j and county k:

Yik = nj " Ziegjkﬁ}’nk (3)
where nyy is the number of domestic firms in industry j and county; Q;y is the set of
domestic firms that belong to industry j and county k. Our measure of regional
productivity is an average of local-firm productivity weighted by a share of its own
value added in the total value added across industry and county. The regional
productivity measure, Yjy, is calculated to estimate labor productivity and TFP in each
industry and county: In(qjc/Hj) and In(TFPy). In measuring the regional TFP of
domestic firms, we re-estimate a production function for the sample of domestic firms
in each sector by OLS and use the residuals as a proxy for firm-level TFP. This
approach allows for domestic firms to have different estimates for the elasticity of



capital and efficient labor with respect to value added, compared with foreign firms.

To estimate local spillovers from FDI, regional productivity is related to the
agglomeration of FDI activities and other relevant determinants for industry j and
county k:

Yik =7, + v, InFAjc + v, In P + v, InUPSy + v, InEXjy + & + X6, Dr + e~ (4)
where FA is the size of FDI agglomeration measured by the number of foreign firms; P
is total population; UPS is urban population as a share of total population; EX is the
volume of exports by domestic firms; §; is an industry-fixed effect; D is a dummy
variable that takes on unity when county k belongs to prefecture r; and e is an error term.
As will be discussed below, we include a prefecture (not county) dummy variable to
exploit a county-level variation in the data with the instrumental variables of county
characteristics. We include a population variable to control for demand effects. The
urban population share serves to control for the net effect of urbanization, including the
positive impact of dense interactions between firms and workers and the negative
congestion effect in a factor market and in infrastructure (Mitra, 1999; Morikiawa,
2011). The export variable serves to control for the role of exporting in firm
performance.

Our key interest is an estimate for the coefficient of FDI agglomeration, vy,
representing a relationship between the aggregate activities of foreign firms and the
average productivity of local firms in a similar industry and location. In our
specification, the similarity in industrial and geographic linkages is defined by two-digit
sector codes and county boundaries in China. We hypothesize that the agglomeration of
foreign firms may vyield positive local spillovers for domestic firms in the proximate
location, leading to an average improvement in their efficiency as measured by regional
variations in labor productivity or TFP. Thus, we predict a positive estimate for the
coefficient v,.

Our hypothesis is based on alternative explanations for FDI spillovers in the
previous literature. While a comprehensive review of various channels should be
referred to prior work such as Gorg and Greenaway (2004) and Smeets (2008), here we
highlight the role of labor and input markets in accounting for positive FDI spillovers.
In the labor market, labor mobility between foreign and domestic firms can be a channel
of positive spillovers. It is often argued that skilled workers receiving investment in
their training at a foreign firm move to work for a local firm, and bring it with a tacit
form of superior management and production technology embodied in the workers.
Consequently, the local firm that benefits from knowledge transfers from FDI via labor
mobility is likely to improve its own efficiency. The labor-mobility hypothesis has
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received supporting evidence in empirical studies such as Gorg and Strobl (2005) and
Balsvik (2011).

In the input market, a supplier-buyer relationship between foreign and domestic
firms may be a channel of positive spillovers. When a local firm supplies intermediate
inputs to a foreign firm, it must meet a high requirement regarding product quality and
delivery schedule. As a defection in the inputs supplied reduces the production
efficiency of users, the foreign firm has an incentive to provide technical and
managerial advice to the local supplier and to improve the quality of the purchased
inputs. In this way, directed knowledge transfers from a downstream foreign firm to an
upstream local firm can generate productivity improvements for domestic suppliers in a
proximate upstream sector. A backward linkage in intermediate inputs between foreign
and local firms has received supporting evidence in studies such as Javorcik (2004).
Additionally, when a foreign firm supplies intermediate inputs to a local firm, similar
knowledge transfers could occur through a forward linkage. In contrast with a backward
linkage, empirical evidence for the forward spillovers tends to be mixed, possibly
suggesting a weaker incentive for the foreign firm to improve for its own customer in a
downstream sector.

We must emphasize that the estimated coefficient of the FA variable should pick up
a net effect of FDI clusters due to a wide variety of linkages between foreign and
domestic firms. Especially, we do not attempt to clearly distinguish between horizontal
and vertical spillovers from FDI; horizontal spillovers occur between foreign and local
firms within the same sector, whereas vertical spillovers do across different sectors.”
Instead, we aim to estimate aggregate horizontal and vertical spillovers from FDI
clusters that occur locally in a given region for a set of broadly similar sectors at
two-digit industry classification.® This definition allows us to analyze an interaction
between foreign and local firms in a small range of narrowly different industries at the
four-digit level.

Endogeneity issues

> In urban economics literature, agglomeration externalities within the same industries are referred
to as localization economies whereas those across industries are called urbanization economies
gRosenthaI and Strange, 2004).

A standard practice in literature is to use a national input-output table to measure horizontal and
vertical linkages between foreign and domestic firms. As discussed in Barrios et al. (2011), such an
approach must assume that foreign firms in a local market follow the same sourcing behavior as
other domestic firms. However, it is well known that multinational firms in the Chinese coastal
regions engage extensively in input-processing trade to import intermediate inputs and export
assembled final goods (Greaney and Li, 2009). Thus, a lack of transaction-level data on foreign
firms in China makes it difficult to precisely disentangle vertical spillovers from horizontal ones.
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We seek to interpret a regression coefficient of FDI agglomeration, y,, as
representing a causal effect of local spillovers from FDI clusters on the regional
productivity of local firms. Such a causal interpretation of the regression estimates
requires a conditional independence assumption (Angrist and Pischke, 2009). However,
this assumption is clearly violated for the potential endogeneity of the FDI variable,
making it difficult to interpret that the agglomeration economies of foreign firms
enhance regional productivity. As is shown in Baldwin and Okubo (2006), highly
productive firms in a local market may be more likely than less productive firms to
locate themselves in more agglomerated areas, where local firms with more advanced
production technology could reap larger profits from economic transactions with foreign
firms. On the other hand, foreign firms may also choose to locate themselves in more
productive regions where they can enjoy a better match with highly productive local
firms. Together, the spatial selection effects should be already embodied in the observed
variables of regional productivity and agglomeration, suggesting that there may be
potential upward bias in the estimate of FDI agglomeration.

To address the spatial selection bias in agglomeration economies, we exploit a
method of instrumental variables with the following first-stage equation:

InFAj = wp + 01 InDy + 0 In Ay + X ¥, Zm + U (5)
where D is the geographic distance between the county of each industry and the major
marine port of Shanghai, A is an area of county in square kilometers, and z is a set of
other exogenous explanatory variables. We estimate the first-stage equation to purge out
an endogenous component of the FA variable, and then estimate our main equation
using an exogenous component of the FA variable that is quasi-experimentally
generated by the instruments.

Our choice of valid instruments relies on the well-known fact that many foreign
firms investing in the Chinese coastal regions were seeking to assemble imported
intermediate inputs with low labor costs. They further export final products to foreign
markets such as the U.S. and Europe by ocean shipping. To engage in the processing
trade, they must transport a wide variety of goods between a marine port and their
factory. An incentive to economize on inland transport costs induces foreign investors to
locate closer to the central marine port in this region. As shown in Figure 1, this
hypothesis is consistent with the clear spatial concentration of foreign firms toward
Shanghai province. On the other hand, it is a reasonable assumption that the average
regional productivity of local firms should not have a strong association with a
geographic distance between the corresponding region and the Shanghai marine port.
Additionally, we include another instrument variable of county-level geographic areas.

12



Foreign firms may be seeking larger county for lower land costs, but the size of the
county by itself does not have direct influence on local firms’ productivity. Together,
these instruments allow us to test an exclusion-restriction assumption of the
instruments.

3.2. Spatial Spillovers from FDI

Having established that FDI spillovers occur locally in space and among similar
industries, we then ask whether such local spillovers will extend to neighboring regions.
Specifically, we hypothesize that the spatial concentration of FDI activity first generates
knowledge spillovers for local firms that are closely related with foreign firms in terms
of geographic proximity and industrial production. Next, the local knowledge spillovers
would spread into other local firms in neighboring locations for interactions among
local firms through labor mobility, intermediate transactions, imitation, and so on. These
interactions should be more intense among local firms in nearby areas whereas spatial
diffusion effects are stronger between nearby locations than distant locations. As local
knowledge spillovers simultaneously occur in other locations, there are similar spatial
diffusion processes due to FDI agglomeration elsewhere. Thus, a spatial concentration
of FDI activity could generate a mutually reinforcing interaction of knowledge
spillovers among local firms over space.

In the second step of the empirical strategy, we estimate spatial externalities from
FDI. For this task, we need to explicitly consider the spatial dependence of the regional
productivity of local firms. For the number of observations in our sample (n =1,..., N),
we specify a spatial-autoregressive model as:

Y=AWY+Xy+e (6)
where Y is an N x 1 vector of observations on the dependent variable of regional
productivity across industries; WY is an N x 1 vector referred to as a spatial lag of the
dependent variable with elements Y, wy,Y, for p # n; A is a spatial-autoregressive
parameter; X is an N x M matrix of observations on M explanatory variables as in
equation (4); y is an N x 1 vector of corresponding parameters; and € isan N x 1
vector of random error terms.’

A spatial-weighting matrix, W, consists of weights that are inversely related to the
distances between the observational units, w,, = 1/d,,, with zero diagonal elements.
More weights are placed on nearby observations than distant observations. The
distances between counties are computed from the geographic coordinate variables that
include latitudes and longitudes on the central point of each county. Note that our

" In the estimation, N (= 4,366) is the total number of the sample industry and county.
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observational units are defined at the county and industry level in order to capture a net
spatial effect of within-industry and across-industry spillovers from FDI. By exploiting
only the distances between counties, we consequently need to assume that the sample
industries belonging to the same county are located at the exactly same area. However,
this assumption is conceptually difficult to hold for manufacturing activities in China
and practically implausible to compute the inverse distances. To address this issue in a
practical, but imperfect way, we assume that the industries in each county are randomly
scattered around the central point within the county.®

A structural form of our spatial model is written in a reduced form:

Y=(I-W)"Xy+{-W) e (7)
where (I—AW)~1 is a spatial multiplier effect through which the explanatory
variables and the error term affect the dependent variable (Anselin, 2003). For |A| < 1,
all zero diagonal elements of W, and the nonsingularity of (I —AW), we express a
“Leontief expansion” of the inverse matrix to facilitate an interpretation of equation (7):

I —2AW)™L = T+AW +212W2 + ... 4 AW (8)
where m — c. Taking into account equation (8), we can interpret equation (7) as
showing that the regional productivity of local firms in each industry and county is
related to the explanatory variables, such as FDI agglomeration in the corresponding
industry and county, Xy, a first-order spatial linkage, AWXy, a second-order spatial
linkage, A>W2Xy, and so on. In this spatial multiplier process, the spatial spillover is
stronger for nearby FDI agglomeration than it is for distant FDI agglomeration. Note
that similar spatial multiplier processes are applied to unobserved shocks to regional
productivity. Additionally, the higher-order spatial linkages with FDI agglomeration
decline in importance by a discounted rate of A.

A traditional method of estimating the parameters of equation (6) is maximum
likelihood. A consistency of the maximum likelihood estimator is based on the
assumption that the error term is homoskedastic (Lee, 2004). However, the sample
counties differ in size and other county-level characteristics, suggesting that the error
term is likely to be heteroskedastic. If the homoskedasticity assumption is violated, the

® For a weighting matrix, we define a distance between any two units, n; and n,, as the Euclidean
distance between them, which have coordinates, (x’l,y’l) and (x’z,y’z), respectively. Specifically,
we denote the Euclidean distance as:

d(ny,n) =[Gy = x5)2 + (v, - v)]
where x'; = x; + Axqj, X', =X, + Axy5, ¥, =y; + Ayy, and y', =y, + Ayy;. For each industry j,
(x1,y1) and (x5,y,) indicate the coordinates of the county to which the industry belongs. Ax and
Ay are randomly assigned values to each industry to ensure that the industries are scattered around
the central point of their own county, but within the county’s boundary.

1/2
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maximum likelihood estimator is inconsistent. To address this issue, Kelejian and
Prucha (2010) developed an estimation method to allow for the presence of
heteroskedasticity in the error term. They introduce a generalized-moments estimator
and showed its consistency under reasonably general assumptions. As explained in
Arraiz et al. (2008), an ordinary-least-squares estimator is inconsistent for the spatial lag
of the dependent variable in equation (6). Then, we employ an instrumental-variable
estimator with the instrument matrix H defined as a set of linearly independent columns
of {X, WX, W2X}, as suggested by Kelejian and Prucha (2010). In the estimation, we
allow the error term to be heteroskedastic of unknown form.

4. Estimation Results

This section first presents the estimation results of local spillovers from FDI
agglomeration and then the results of a spatial-lag model to estimate spatial spillovers.
Finally, spatial multiplier effects are shown to examine a spatial variation of local
spillovers.

4.1. Local Spillovers

Table 3 shows the summary statistics of the county-level sample used in the
analysis. All variables are defined in the log except for the variable of urban population
share. The maximum number of observations is 6,467 (= 29 industries x 223 counties),
but there are 4,366 observations in the sample used. The difference is due to the fact that
domestic firms do not exist in some industries and counties, making it infeasible to
compute regional productivity in those industries and counties.

—--Table 3---

Using the sample, we estimate equation (4) by OLS and IV, with the three
alternative measures of FDI agglomeration: foreign firms’ number, employment, and
value added. Table 4 shows the estimation results for regional labor productivity.
Columns (1) and (2) use the number of foreign firms as the dependent variable. The
OLS estimate of the FA variable is significantly positive at the 1% level, with the
coefficient of 0.109. This suggests that a 10% increase in the number of foreign firms in
a given sector and county is associated with a 1.1% increase in the regional labor
productivity of domestic firms.

~--Table 4---
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While the OLS result provides evidence of local spillovers from FDI, a potential
endogeneity bias does not allow for causal inference. To address this issue, column (2)
shows the 1V result of the same specification. Consistent with the OLS result, the IV
estimate is significantly positive. In a first-stage regression, the F statistic for excluded
instruments is 141.3, with a p-value of 0.00, implying that our instruments are strongly
correlated with the endogenous variable of FDI agglomeration. In addition, the Hansen
statistic for over-identifying restrictions is 0.55, with a p-value of 0.46, thereby we fail
to reject the hypothesis that the excluded instruments are not correlated with an error
term. These statistical tests support the validity of our instruments, allowing us to
interpret that FDI clusters have a causal impact on the regional labor productivity of
domestic firms. The IV estimate implies that a 10% increase in the number of foreign
firms in a given sector and county improves the regional labor productivity of domestic
firms by 2.2%.

Columns (3)-(6) present the results using foreign firms’ employment and value
added as the dependent variable. Consistent with the prior results, the regional labor
productivity of domestic firms is positively associated with the FA variable. The
statistical tests for the instruments’ validity also lend support to the causal inference.
Moreover, the IV estimates are systematically larger in magnitude than the OLS
estimates in the corresponding specification, possibly suggesting that the endogeneity
bias is downward. The IV estimations suggest that a 10% increase in foreign firms’
employment raises regional labor productivity by 0.8% whereas a 10% increase in their
value added leads to a 0.5% increase in regional labor productivity.

An interesting difference between the OLS and IV estimates is that the FA variable
has the larger positive coefficient in the IV estimation. Our prior concern was that an
impact of FDI agglomeration would be overestimated possibly because more productive
local firms and foreign firms tend to cluster together. However, our estimation results
show the opposite direction of an endogeneity bias. Intuitively, less productive domestic
firms might tend to coexist with a greater number of foreign firms in a given industry
and county, which account in part for a downward bias in the coefficient of FDI
agglomeration in the OLS estimation. This result is in stark contrast with the theoretical
implication by Baldwin and Okubo (2006); more productive firms are attracted to the
agglomerated region. While it is beyond the scope of this paper to provide a convincing
account of our result, a plausible explanation is that the presence of foreign firms may
reduce the entry barrier to domestic firms in an area, where they can engage in some
stages of the global value chains by multinational firms. Specialization in the specific
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tasks of the value chains might allow less productive local firms to cluster with other
foreign firms.

While we demonstrate that domestic firms improve their labor productivity due to
FDI spillovers, knowledge flows from foreign firms may reach other aspects of
firm-level efficiency, including managerial know-how and marketing, and so on. To
examine a broader aspect of firm productivity, we present the estimation results of local
spillovers to regional TFP. The results in Table 5 show that the coefficients of the FA
variable are significantly positive for alternative measures of FDI agglomeration in both
OLS and IV estimations. Thus, we can reach the similar conclusion that domestic firms
improve their productivity for local spillover effects of FDI clusters in a similar industry
and county.

—--Table 5---

While the 1V estimate would pick up a net effect of local spillovers from foreign to
domestic firms, the local spillovers occur through variable channels as discussed
previously. We must caution that this paper does not identify the distinctive spillover
linkages by making the channels as a black box. To shed light on this issue, an insightful
finding is reported by Yong (2011). His study presents a firm-level survey in Kunshan
of Jiangsu province, which is close to Shanghai. While the survey sample is limited, he
shows some evidence that local subcontractors with foreign firms have improved their
productivity and production technology. Specifically, a productivity improvement was
associated positively with foreign firms’ guidance regarding the purchase of
manufacturing equipment and technological cooperation with other firms. This suggests
that local firms receive a transfer of tacit knowledge such as management know-how,
marketing techniques, and purchasing skills.

For further robustness checks, we measure FDI agglomeration by the share of
foreign firms in each industry and county in terms of the number, employment, and
value added. The share form of measurement has been often used in literature on FDI
spillovers. While we do not show the results to save space, we find that the share of
foreign firms has a significantly positive impact on the regional labor productivity and
TFP of domestic firms in the corresponding industry and county. Additionally, we
separately measure FDI agglomeration for foreign firms originating from (1) Hong
Kong, Macau, and Taiwan, and (2) other foreign countries. This practice serves to check
the argument that the nationality of foreign investors affects local spillovers (Javorcik
and Spatareanu, 2011; Lin et al., 2009). With these measures, we estimate the same
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specifications as in Tables 4 and 5. While the results are not shown here, both measures
are significantly and positively associated with regional productivity. However, we find
little evidence of the varying impact of nationality.

4.2. Spatial Spillovers

Having established that FDI clusters yield positive local spillovers to domestic
firms, we proceed to investigate spatial spillovers from FDI. Table 6 shows the
estimation results for regional labor productivity. A spatial lag of the dependent variable
has the significantly positive coefficient across alternative specifications in columns
(1)—(3). This implies that the labor productivity of domestic firms is positively related to
each other over space. Intuitively, domestic firms exhibit higher labor productivity in
the location where other domestic firms nearby also have relatively high labor
productivity.

—--Table 6---

Consistent with the previous section, the FA variable has the significantly positive
coefficient for all the measures of FDI agglomeration. Even after accounting for spatial
linkages of regional labor productivity, domestic firms tend to have higher labor
productivity in the county and industry with greater FDI agglomeration. Compared with
the linear regressions in the previous section, the estimated coefficients of the FA
variables tend to be smaller in magnitude, but statistically significant. This implies that
local spillover effects are robust to the inclusion of the spatial lag. Additionally, regional
labor productivity is positively associated with the aggregate exports of domestic firms,
but has an insignificant association with the population size and the share of urban
population in each county.

We also estimate equation (6) for the regional TFP of domestic firms. The results in
Table 6 show that regional TFP is significantly and positively associated with FDI
agglomeration as measured by foreign firms’ number, employment, and value added.
This finding implies that the estimated impact of spatial spillovers is robust to the
measurement of the productivity of domestic firms. As compared with the linear
regressions, the size of the coefficients is systematically lower in the spatial regressions.

A possible concern in the spatial regressions is an endogeneity bias in the FA
variable. While the linear regressions may not be strictly comparable to the spatial
regressions, our findings have indicated that the endogeneity bias of the FA variable is
downward toward zero. As the coefficients of the FA variable are significantly positive
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across the specifications, our estimates from the spatial model are likely to be
underestimated and taken as a lower bound of the impact of FDI agglomeration. In other
words, Table 6 reports a conservative set of estimated coefficients for the impact of FDI
agglomeration on the regional productivity of domestic firms.

As a robustness check, we examine whether local firms are influenced by FDI
agglomeration in other regions. For this task, we include a spatial lag of FDI
agglomeration together with the FA variable in equation (6) and estimate the modified
model for alternative measures of FDI agglomeration and local firms’ productivity.
While we do not report the results to save space, the coefficients of the spatial lag of
FDI agglomeration are mostly insignificant in alternative specifications. We conclude
that FDI clusters in neighboring regions have little influence on the productivity of local
firms. Indeed, this result is consistent with prior study such as Halpern and Murakdzy
(2007); domestic firms in Hungary receive spillover effects from foreign firms in nearby
regions, but not from those in distant regions.

Spatial Multiplier Effects

We proceed to examine the economic magnitude of spatial spillovers from FDI
clusters. In a spatial model, the measurement of marginal effects needs to take into
account the fact that a change in FDI activity for a given sector and county will affect
the regional productivity of domestic firms in the same sector and county as well as in
other sectors and counties, with the latter influence coming from spatial diffusion
processes.

For this task, we employ a reduced form of an unbiased spatial predictor based on
the information set {X, W} (Kelejian and Prucha, 2007). We denote this predictor by

¥ = (1—AW) " 'X§. In addition, let us denote the vector of sample observations on FDI
agglomeration in industry j and county k:
FA = [FA,, .., FAj ] (9)

This allows us to denote the predictor for regional productivity of domestic firms in
industry j and county k in terms of FDI agglomeration in the sample:

Y(FA,X) = [7,,(FAX), ..., T, (FA, %) (10)

where X is an N x (M-1) matrix of observations on M explanatory variables excluding
the FA variable. Denoting a change in the vector of sample observations on FDI clusters
by AFA, we can express the marginal effect of FDI agglomeration on the values of

19



regional productivity for all the sample units as:

Y(FA X) — Y(FA + AFA X). (11)
Equation (11) shows that the impact on the regional productivity of domestic firms due
to an increase in FDI activity in a given sector and county is computed from a difference
in the values of the spatial predictors between the sample and new values of the FA
variable.

To illustrate a spatial distribution of marginal effects, we consider a hypothetical
scenario in which the number of foreign firms increases by five in all the sample
industries and counties solely for one of the four sample provinces: Shanghai, Zhejiang,
Jiangsu, and Anhui, respectively. For example, we increase the number of foreign firms
only in the sample industries and counties that belong to Shanghai province. Based on
the estimation result in column (1) of Table 6, we then compute a marginal effect on the
regional labor productivity of domestic firms across industries and counties. To map out
the extent of marginal effect, we take an average of the changes in the regional labor
productivity for each county. Finally, we repeat the same procedure for the other three
provinces and create a corresponding map of spatial multiplier effects.

Figure 2 shows a geographic variation of the impact on the regional labor
productivity of increased foreign firms only in Shanghai. As a darker area indicates a
larger impact, all the counties within Shanghai receive a stronger effect from increased
FDI in the same region. This finding is consistent with the previous work that FDI
spillovers tend to be localized. By contrast, our finding is distinctive in that the
neighboring regions also benefit from FDI activity, as shown by the less dark regions
that surround Shanghai province.

Figures 3 and 4 present the spatial multiplier effects from an increase in foreign
firms in Zhejiang and Jiangsu, respectively. As compared with Shanghai, there were
also a larger number of foreign firms in Zhejiang and Jiangsu. A notable difference is
the spatial concentration of foreign firms across counties within these provinces, as is
evident in Figure 1. While the extent of FDI activity is different, a geographic variation
in the magnitude of marginal effects is generally consistent with the findings in the case
of Shanghai. The spatial multiplier effects are stronger within the corresponding
province and become weaker over space away from the corresponding province.
Interestingly, the spatial spillovers extend to all the sample provinces, which would
reflect the fact that Zhejiang and Jiangsu have a larger province size than Shanghai
does.

Finally, Figure 5 presents the spatial multiplier effect from increased FDI activity in
Anhui. As compared with the other provinces, there were a smaller number of foreign
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firms. The result shows that the spatial spillovers are stronger within Anhui province
and decay over distance toward the other provinces. Generally, this finding is consistent
with the spatial multiplier effects in the other provinces. Even in the less agglomerated
areas, spillover effects from FDI clusters are stronger within the same area.

While the spatial multiplier effect does not identify a distinctive channel of FDI
spillovers, our simulation exercises here show evidence that FDI spillovers can diffuse
over space. This suggests that knowledge flows from FDI to local firms decay over
space, causing other domestic firms in distant regions difficulty in benefiting from FDI
agglomeration. In addition, we find that the spatial spillovers do not reach distant areas
from Shanghai, which is relatively smaller than other provinces. For the FDI spillovers
to diffuse over distant areas, the size of FDI agglomeration matters. In this respect, the
spatial multiplier effect found in this practice is also consistent with the literature that
knowledge spillovers tend to be local over space (Audretsch and Feldman, 2004).

5. Conclusion

This paper has quantified spatial externality from FDI agglomeration on domestic
firms. Using Chinese firm-level data in 2004, we find that a spatial concentration of
foreign firms generates a significantly positive spillover to the regional productivity of
domestic firms in the Yangtze River Delta. For example, a 10% increase in the number
of foreign firms could improve the average productivity of domestic firms in a similar
industry and the same county by 1.5%. Furthermore, such a local spillover can be
transmitted to other domestic firms in other industries and counties through a spatial
multiplier process. As knowledge flows tend to decay over distance, a spatial spillover
from FDI agglomeration is stronger for domestic firms in nearby locations than in
distant locations.

These findings provide implications for an industrial policy in the Chinese coastal
regions. As discussed by Ding (2010), local governments have played an active role in
regional industrial development since the mid-1990s. Specifically, the county-level
governments have established an industrial zone in the area under their jurisdiction and
attempted to improve the investment environment for industrial activities. They provide
a generous investment incentive for foreign investors and promote their export
processing activities within the industrial zone. In addition to fiscal incentives and
infrastructure development, the local governments have also taken an active role in
streamlining customs procedures for exports/imports and in promoting matching
processes between foreign firms and local suppliers.

While these industrial policies toward foreign investors could be criticized as a
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preferential treatment of foreign firms against domestic firms, the formal evidence on
positive spillovers from FDI justifies the FDI-target policy. Intuitively, preferential
incentives for foreign firms could contribute to creating the industrial agglomeration of
highly productive firms so that agglomeration externalities benefit other firms. Through
spatial spillover processes, domestic firms are likely to benefit from the industrial policy
in favor of foreign firms. On the other hand, our analysis implies a possible
improvement for the industrial policy in the Chinese coastal regions, which has been
implemented independently at the county-level because local governments have
competed with each other to develop their own industry. As positive spillovers from FDI
agglomeration in one county can easily transfer to nearby counties, our findings point to
further gains from regional policy coordination to attract foreign investment.
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Figure 1. Geographic distribution of foreign firms by number
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Figure 2. Impact on regional productivity of increased foreign firms in Shanghai
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Figure 4. Impact on regional productivity of increased foreign firms in Jiangsu
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Table 1. Productivity levels by ownership status

) Foreign
Domestic
All HMT Other
Log of labor productivity
Mean 2.06 2.10 2.03 2.16
Median 1.99 2.07 2.00 2.13
S.D. 0.87 1.03 0.98 1.07
No. of obs. 76,881 21,066 9,246 11,820
Log of total factor productivity
Mean -0.02 0.08 0.02 0.13
Median -0.06 0.09 0.02 0.15
S.D. 0.77 0.94 0.90 0.97
No. of obs. 76,881 21,066 9,246 11,820
Note: HMT indicates the firms from Hong Kong, Macau, and Taiwan.
Table 2. Productivity difference between domestic and foreign firms
1) ) ®) (4)
Dependent Labor productivity Total factor productivity
Foreign firm 0.079* 0.088*
(0.028) (0.016)
HMT firm 0.007 0.035
(0.027) (0.024)
Other foreign firm 0.137* 0.130*
(0.034) (0.019)
Two-digit industry dummy Yes Yes Yes Yes
County dummy Yes Yes Yes Yes
No. of observations 97947 97947 97947 97947
R? 0.129 0.130 0.053 0.053

Notes: Parentheses report standard errors corrected for clustering for two-digit industries; *

denotes significance at the 1% level.
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Table 3. Summary statistics of county-level samples

Variable No.of Obs.  Mean  Std. Dev. Min Max
Labor productivity 4366 2.37 0.89 -3.34 5.84
Total factor productivity 4366 0.36 0.77 -5.13 4.06
Number of foreign firms 4366 0.66 1.10 0.0 5.63
Employment of foreign firms 4366 3.18 3.40 0.0 12.3
Value added of foreign firms 4366 5.23 5.44 0.0 17.2
Population 4366 13.5 0.65 11.4 15.8
Urban population share 4366 0.51 0.01 0.46 0.54
Domestic firms' exports 4366 5.90 5.38 0.0 16.5
Distance from Shanghai port 4366 -2.13 0.66 -4.61 -0.80
Land area 4366 5.37 0.83 1.01 6.43

Note: All variables are defined in logs except for urban population share.
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Table 4. Estimation results for local spillovers to regional labor productivity

M) 2) 3) (4) (®) (6)

Estimation  OLS v OLS v OLS v
Number of foreign firms 0.109*  0.224*
(0.011)  (0.040)
Employment of foreign firms 0.031*  0.084*
(0.004)  (0.015)
Value added of foreign firms 0.020*  0.054*
(0.003)  (0.010)
Population 0.061* 0.025 0.070* 0.026 0.070* 0.027
(0.020) (0.024) (0.020) (0.023) (0.020) (0.023)
Urban population share -6.416*  -5.447* -6.187* -4.204* -6.046* -3.902*
(0.992) (1.055) (1.002) (1.152) (1.002) (1.181)
Domestic firms' exports 0.024*  0.016* 0.025* 0.013* 0.025*  0.013*
(0.003) (0.004) (0.003) (0.004) (0.003) (0.004)
Two-digit industry dummy Yes Yes Yes Yes Yes Yes
Prefecture dummy Yes Yes Yes Yes Yes Yes
No. of observations 4366 4366 4366 4366 4366 4366
R? 0.307 0.296 0.305 0.282 0.306 0.282

First-stage F statistic for
) 141.3 128.3 122.2
excluded instruments

(P-value) 0.000 0.000 0.000
Hansen statistic for

) S 0.553 0.737 1.219
Over-identification test

(P-value) 0.457 0.391 0.270

Notes: Parentheses report robust standard errors; all variables are defined in logs except for
urban population share; constant is not reported; instruments used in 1V estimation include the
log of distance from Shanghai port and land area; * denotes significance at the 1% level.
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Table 5. Estimation results for local spillovers to regional total factor productivity

1) ) @) (4) (5) (6)
OLS v OLS v OLS v
Number of foreign firms 0.091* 0.151*
(0.011) (0.036)
Employment of foreign firms 0.030* 0.062*
(0.004) (0.014)
Value added of foreign firms 0.019* 0.041*
(0.002)  (0.009)
Population 0.075* 0.057* 0.080* 0.0532 0.080* 0.053?
(0.019) (0.022) (0.019) (0.021) (0.019)  (0.021)
Urban population share -4.438*  -3.929*  -4.106* -2.888*  -3.988* -2.628%
(0.922) (0.973) (0.927) (1.054) (0.927)  (1.080)
Domestic firms' exports 0.034* 0.030* 0.034* 0.027* 0.034* 0.027*
(0.002) (0.003) (0.002) (0.004) (0.002)  (0.004)
Two-digit industry dummy Yes Yes Yes Yes Yes Yes
Prefecture dummy Yes Yes Yes Yes Yes Yes
No. of observations 4366 4366 4366 4366 4366 4366
R? 0.213 0.209 0.213 0.201 0.214 0.201
First-stage F statistic for
. 141.4 128.3 122.2
excluded instruments
(P-value) 0.000 0.000 0.000
Hansen statistic for
over-identification test 3795 0433 0202
(P-value) 0.053 0.511 0.653

Notes: Parentheses report robust standard errors; all variables are defined in logs except for urban

population share; constant is not reported; instruments used in IV estimation include the log of

distance from Shanghai port and land area; * (?) denotes significance at the 1% (5%) level.
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Table 6. Estimation results for spatial spillovers to regional productivity

1) ) ®) (4) (5) (6)
Dependent variable Labor productivity Total factor productivity
Spatial lag 0.864* 0.902* 0.890* 0.893* 0.899* 0.891*
(0.095) (0.092) (0.091) (0.096) (0.094) (0.094)
Number of foreign firms 0.055* 0.047*
(0.012) (0.011)
Employment of foreign firms 0.014* 0.015*
(0.004) (0.004)
Value added of foreign firms 0.010* 0.010*
(0.003) (0.003)
Population 0.028 0.031 0.031 0.023 0.025 0.025
(0.021) (0.021) (0.021) (0.020) (0.020) (0.020)
Urban population share -1.689 -1.390 -1.350 -0.390 -0.185 -0.141
(1.094) (1.092) (1.089) (0.970) (0.968) (0.966)
Domestic firms' exports 0.019* 0.020* 0.019* 0.029* 0.029* 0.029*
(0.003) (0.003) (0.003) (0.002) (0.002) (0.002)
Two-digit industry dummy Yes Yes Yes Yes Yes Yes
Prefecture dummy Yes Yes Yes Yes Yes Yes
No. of observations 4366 4366 4366 4366 4366 4366

Notes: Parentheses report robust standard errors; all variables are defined in logs except for urban population share; * denotes significance at the 1% level.
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