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Abstract 

This paper assesses sources of productivity spillovers in China's electric and electronic 

manufacturing industry using a rich panel data-set of 25,360 firms observed over the period 

2004-2007. This industry is characterized by its important reliance on technology. In particular, 

the paper focuses on the role of other firms' productivity as well as productivity shifters in 

affecting own firm-level total factor productivity. In addition, this paper examines the possible 

difference between spillovers from foreign-owned units and from units which participate at 

global markets through exporting in comparison to domestically-owned and non-exporting units. 

We find evidence of stronger spillovers from exporting firms than from non-exporting firms. 

This is true for foreign-owned as well as domestic exporters. The strength of the spillover effects 

differ across subsectors. 
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1 Introduction

The hypothesis that multinational firms induce technological spillovers is well

established (see Davies, 1977; Teece, 1977), but empirical evidence at the firm

or plant level is mixed (see Mansfield and Romeo, 1980; Aitken and Harrison,

1992; Haddad and Harrison, 1993; Smarzynska Javorcik, 2004; Ebersberger

and Lööf, 2005; Görg and Strobl, 2005; Rasiah, 2005, 2006; Castellani and

Zanfei, 2006; Branstetter, 2006; Görg, Hijzen, and Murakozy, 2006; Lööf,

2007; Keller and Yeaple, 2009; Narula and Guimón, 2009; O’Donoghue and

Croasdell, 2009; Smarzynska Javorcik and Spatareanu, 2009; de Faria and

Sofka, 2010; Kafouros, Buckley, and Clegg, 2012; Peerally and Cantwell,

2012). For example, the study by Aitken, Hanson, and Harrison (1997) points

to an indirect effect of multinational firm presence on technology. In fact,

they suggest that multinational firms work as export catalysts and generate

externalities that enhance both productivity and export prospects. They ar-

gue that the main channel through which multinationals affect technology is

via exporting and induced exports. In other words, conditional on exports,

multinational firm presence has little role to play, suggesting that export

market participation is a major direct channel for spillovers. Aitken, Han-

son, and Harrison (1997) report sizable spillover effects of exporters on other

firms in Bangladesh’s garment industry. This is also confirmed by Clerides,

Lach, and Tybout (1998) using micro-data for Colombia, Mexico, and Mo-

rocco. They find that exporting firms induce regionally-bound productivity

spillovers on other firms. Similarly, using Chinese transactions-level data,

Fernandes and Tang (2011) find that export processing firms induce positive

spillovers on other firms and raise those firms’ export participation, product

scope, and country penetration. Their findings suggest that spillovers mainly

happen within the same industry. Moreover, previous research suggests that
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spillovers tend to be regionally bound (see Aitken and Harrison, 1999).

The present paper contributes to the literature on TFP growth and

spillovers along three lines. First, it disentangles different sources of TFP

growth depending on firm type: foreign-owned, exporting, both or none.

Most of the previous research focused on spillovers from foreign-owned firms

or on spillovers from exporters (i.e., on learning by exporting). Yet, only a

joint treatment of the two permits attributing spillovers to exporting and/or

foreign ownership.

Second, it assesses the magnitude of spillovers along two dimensions: sub-

sectors and geography. Utilizing data on 25,360 firms observed over the pe-

riod 2004-2007 from China’s electronics industry (altogether as well as for its

three two-digit subsectors),1 we illustrate that the nature and magnitude of

spillovers from foreign-versus-domestically-owned and from exporting-versus-

non-exporting firms differs across subsectors of the electronics industry. The

identified pattern accords with theory that suggests that learning-from-exporters,

and particularly of foreign-owned exporters, is an important source of spillovers

in China’s electronics sector at large. Moreover, the findings accord with the-

ory suggesting that spillovers are stronger from non-multinational exporters

in subsectors that are particularly knowledge intensive and where capturing

that knowledge appears particularly relevant to foreign-owned companies.

Third, the present paper adds to our understanding of the geographical

reach of technology spillovers. Considering alternative specifications of the

geographical bounds of spillovers, we find that they drop off sharply beyond

a reach of the size of a 4-digit zip-code region (which has an average radius

1There is broad interest in China’s productivity growth. Earlier studies include, among

others, Heshmati and Kumbhakar (2011) analyzing provincial data, Chen and Song (2008)

analyzing county data, Lin (1992) and Wu (1995) analyzing sectoral data, and Brandt,

Van Biesebroeck, and Zhang (2012) analyzing firm level data.
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of about 50 kilometers in China).

The remainder of the paper is organized as follows. Section 2 describes the

econometric model, the underlying assumptions, and the estimation strategy.

Second 3 describes the data and estimation results, and the last section

concludes.

2 Empirical model

In this section, we specify a contagious process determining TFP in China’s

electronic industry.

2.1 Model outline

We use subscript i = 1, ..., N to refer to individual firms, and subscript

t = 1, ..., T to refer to time periods. Since firms enter and exit the market,

we denote the number of firms observed at time t by Nt. Let us denote the

Nt× 1 vector of firm-level TFP indices measured at time t as yt. We assume

that it is determined by three components: (i) other types of (relevant or

neighboring) firms’ TFP indices at time t − 1, denoted by Y t−1 (an Nt × S

matrix); (ii) an Nt × K matrix of TFP index shifters at time t denoted

by Xt; and (iii) an unobservable (Nt × 1) vector of disturbances ut. The

sth column of Y t−1, denoted by ys,t−1 is an Nt × 1 vector of spillovers from

source s. Specifically, we distinguish between the following four sources of

spillovers: foreign-owned firms serving only the Chinese market (yFD,t−1);

domestic exporters (yDE,t−1); foreign-owned firms that are also exporting

their products (yFE,t−1); and domestic firms serving the domestic market

only (yDD,t−1), i.e, neither foreign-owned nor exporting. For all the firms

of type s, ys,t−1 is constructed as follows: ys,t−1 = Ws,t−1yt−1, where yt−1
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is an Nt−1 vector of firm-level TFP indices measured at time t − 1. Ws,t−1

is an Nt ×Nt−1 maximum row-sum-normalized weights matrix of adjacency

(location in the same zip code area) between all the firms of type s present

in period t and period t − 1, respectively; Ws,t−1 has zero entry in all cells

except for those off-diagonal cells in row i (referring to firm i) where firm

j in column j is located in the same zip code as firm i and belong to the

same type s. Ws,t−1 is asymmetric and its off-diagonal, non-zero elements

correspond to the inverse of the maximum number of neighbors of type s

found across all firms and years.

We model the interactions between firms by the following Cliff-Ord-type

spatial model for period t:

yt = Y t−1λ+Xtβ + ut = Ztδ + ut (1)

ut = ρWtut + εt, εt = µt + νt (2)

where Zt = [Y t−1, Xt], λ and β (and δ) are conformable vectors of unknown

parameters. ut = (uit) is an Nt×1 vector of (potentially) spatially correlated

disturbances, and εt = (εit) is an Nt × 1 vector of spatially uncorrelated

error terms consisting of the following two components: µt = (µi) is an

Nt × 1 vector of time-invariant firm effects2 and νt = (νit) is a vector of

time-variant innovations. The assumptions about the stochastic process will

be specified below. The vector Wtut represents a spatial lag of ut and the

scalar ρ denotes the spatial auto-regressive parameter. Notice that Wt is an

Nt×Nt matrix which has zero entry in all cells except for those off-diagonal

cells in row i (corresponding to firm i) where firm j in column j is located in

the same zip code area as firm i. Wt is symmetric and its off-diagonal, non-

zero elements correspond to the inverse of the maximum number of neighbors

2The vector µt carries a time index only because of the entry and exit of some firms

over time.
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found across all firms i of any type and across all years t. Hence, Wt captures

neighborliness of firms of all types whereas Ws,t−1 captures neighborliness for

firms of type s.

We sort the data first by time t (slow index) and then by firms i (fast

index) to write the stacked model in matrix form as follows:

y = Y −1λ+Xβ + u = Zδ + u (3)

u = ρWu+ ε, ε = Zµµ+ ν, (4)

∑
where Y T

−1 has typical elements diag(Wt−1yt−1). Let n = t=1Nt denote the

total number of observations and let N be the unique number of firms in

the data. Here, Zµ is an n×N selector matrix which allots the appropriate

elements of the N × 1 vector of unique firm individual effects µ to the firms

across the years, see Baltagi (2013). W = diag(Wt) is an n×n block-diagonal

maximum-row-sum-normalized spatial weights matrix.

2.2 Assumptions

We follow the assumptions given in Kapoor, Kelejian, and Prucha (2007):

(i) (Assumptions on the error components): µi ∼ i.i.d.(0, σ2
µ), νit ∼ i.i.d.(0, σ2

ν),

and µi and νit are independent of each other for all i and t. Hence, the co-

variance of εit and εjs is as follows: Cov(εitε
2 2

is) = σµ+σν for i = j and t = s;

Cov(ε 2
itεis) = σµ for i = j and t = s; and Cov(εitεis) = 0 otherwise. The

variance components are uniformly bounded away from zero and from infin-

ity. (ii) (Assumptions on Wt and Ws,t−1 and admissible parameter space):

All diagonal elements of both Wt and and Ws,t−1 are zero and they are nor-

malized so that the maximum row sum across all t is unity. ρ ∈ (−1, 1) and

the matrix In − ρW is nonsingular. The restrictions on the parameters λs

are less restrictive since TFP growth of neighbors of type s only affects other

5

6



firms with a time lag. (iii) (Assumptions on TFP shifters:) All columns of

the regressor matrix X are nonstochastic and uncorrelated with both µ and

ν.

Assumption (i) ensures that the parameters can be estimated consistently

under a set of assumptions that is similar to the one in Kelejian and Prucha

(2010). Assumption (ii) is a standard normalization of spatial weights ma-

trices which ensures that the shocks in the interdependent system have finite

consequences.

Recall that the dependent variable yt in this model is the log of an in-

dex number which reflects the change in TFP from period t − 1 to period

t. The variables in Y t−1 are spatially weighted lags of such changes. Hence,

the model corresponds to a differenced version of a spatial panel data model

as in Badinger and Egger (2013), where the spatial lags of the differenced

dependent variable enter with time lag. This avoids the endogeneity of the

spatial lags as long as the time-wise autocorrelation of the differenced distur-

bance is absent or small. In fact, instrumenting Y t−1 by lagged exogenous

shifters of yt had little effect on the estimation results.

2.3 Estimation procedure

In our model, we address two main issues: spatial autocorrelation of random

shocks to TFP growth and four potential sources for TFP spillovers. We dis-

tinguish spillovers arising from foreign-owned firms which serve the domestic

market only (FD), domestically-owned exporters (DE), foreign-owned ex-

porting firms (FE), and domestic firms serving the domestic market only

(DD), i.e., domestically-owned non-exporters.

We assess the range of spillovers in TFP growth in the electronics indus-

try along two dimensions. First of all, we estimate the model in (3) - (4) for
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all firms in the electronics industry as well as for firms in three individual

subsectors.3 Such an analysis provides insights into the poolability of pa-

rameters across these subsectors, and it illustrates the strength of spillovers

within versus across subsectoral boundaries.

We also consider spillovers within 4-digit zip-code regions (the smaller

regional aggregates considered) and within 3-digit zip-code regions (the larger

regional aggregates considered). There are 1,068 4-digit zip-code regions and

321 3-digit zip-code regions in the data. Their relative size is illustrated in

Figures 1-2. The subsequent analysis illustrates the strength of spillovers

and their sensitivity across geographical space of different size.

Feasible generalized least squares estimates of the model in (3) - (4) are

obtained based on the weighted GM estimator developed by Kapoor, Kele-

jian, and Prucha (2007). The standard error of ρ̂ can be estimated by fol-

lowing Badinger and Egger (2013). With ρ̂, σ̂2
µ, and σ̂2

ν at hand, one may

apply a spatial Cochrane-Orcutt transformation to avoid efficiency losses

from spatial autocorrelation by transforming any generic variable vt into

v∗t = ([INt − ρWˆ t])vt. Subsequently, one may apply the standard Fuller

and Battese (1973, 1974) type weighting for unbalanced one-way panel data

models with random effects (see Baltagi, 2013) to any transformed variable

v∗it to obtain the twice-transformed generic variable v∗∗it = v∗ √ σ̂ν ∗
it − v

Tiσ̂2 i.,
µ+σ̂

2
ν

where Ti is the number of years firm i is in the data and v∗i. denotes the

mean of v∗it of firm i (see Baltagi, Egger, and Pfaffermayr, 2007, for details

on the estimation of spatial unbalanced error components models). Using

these twice-transformed generic variables v∗∗ = (v∗∗it ), one may re-estimate

equation (3). The latter corresponds to a feasible spatial GLS procedure for

3Manufactures of electric equipment (industry code 39); Manufactures of communi-

cation equipment, computers, and other electronic equipment (industry code 40); and

Manufactures of instruments, meters, and other office instruments (industry code 41).
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unbalanced error components models.4

3 Empirical analysis

3.1 Measurement, data, and descriptive statistics

Dependent variable (total factor productivity growth, TFP):

For the measurement of TFP growth, we employ the Törnqvist index to

approximate the unit cost function in order to derive TFP growth5 of firm i

in year t as a residual quantity of the form

∑F
yit = ∆ ln pit − 0.5(θfit + θfi,t−1)∆ lnwfit,

f=1

where f = 1, ..., F denotes factor f . We consider three factors f : labor,

capital, and materials. The term ∆pit = ln pit− ln pi,t−1 is the first difference

of the log value added price of firm i between years t − 1 and t. The term

0.5(θfit + θfi,t−1) is the average cost share of factor f for firm i at periods t

and t−1, and ∆ lnwfit = lnwfit− lnwfi,t−1 is the first difference of the price

of factor f for firm i between years t− 1 and t.

TFP growth shifters:

The recent literature regarding the interface between international economics

4Recall that the dependent variable in this paper represents the (log) change of TFP

(i.e., TFP growth). Accordingly, the between variation in the data is relatively small.

The fraction of the time-invariant component in the disturbances is close to zero. Hence,

estimation with firm fixed effects leads to a dramatic loss of information and degrees of

freedom.
5See Diewert (1981), Caves, Christensen, and Diewert (1982), and Heshmati, Hjalmars-

son, and Kumbhakar (1999) for a broad discussion about measurement and estimation of

TFP growth.
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and industrial organization suggests that export market participation boosts

firm-level productivity (e.g., see Bernard and Jensen, 2001; Aw, Roberts,

and Winston, 2007; De Loecker, 2007; Wagner, 2007). An even bigger litera-

ture discusses the importance of foreign ownership for a firm’s technology (see

Mansfield and Romeo, 1980; Rasiah, 2005, 2006; Castellani and Zanfei, 2006;

Keller and Yeaple, 2009; Narula and Guimón, 2009; O’Donoghue and Croas-

dell, 2009; de Faria and Sofka, 2010; Kafouros, Buckley, and Clegg, 2012;

Peerally and Cantwell, 2012). However, empirical evidence on the positive

effect of foreign ownership is mixed (see the survey by Görg and Greenaway,

2004). Finally, it is well established that technological change through the

office equipment revolution has pushed total factor productivity (see, e.g.,

Feenstra and Hanson, 1999), and that worker training tends to boost total

factor productivity (see, Aw, Roberts, and Winston, 2007). Consequently,

X in (3) contains the following columns:

X = [xEXPR, xFCR, dTRAIN , xTRAIN , dOFF , xOFF , ι]. The vector xEXPR de-

notes exports as a share of total sales and xFCR denotes the ratio of foreign

capital to total paid-in capital. The vectors dTRAIN and dOFF are binary vari-

ables, indicating whether a firm incurs training expenditures for the work-

force or not (dTRAIN), and whether it utilizes computers and other technical

or electronic office equipment or not (dOFF ). The variables xTRAIN and

xOFF are continuous measures of expenditures on training and technical or

electronic office equipment in logs which are set to zero whenever the corre-

sponding binary variables are zero. Finally, ι is a vector of ones capturing

the constant.

Firm-type-specific spillover terms:

In general, we assume in line with the literature that productivity spills

over (voluntarily or involuntarily) to other firms in a geographically bound
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way. The type-s-specific spatial lags of TFP growth yit in Y −1 with s ∈

{FD,DE,FE,DD} are constructed as described above. Earlier work sug-

gests that the direction and magnitude of spillovers from foreign-owned firms

in a host country depend on the motive of foreign market entry (see Dun-

ning and Narula, 1995, 2000). If access to the local consumer market is the

main motive and foreign-owned firms are more technologically advanced than

their local competitors, multinational firms will mainly try to protect their

knowledge in order not to loose their comparative advantage (see Aitken and

Harrison, 1999, for evidence that is consistent with this view for firms in

Venezuela). If firms enter the market to produce inputs for the parent com-

pany or other affiliates in different countries of the network, they might be

less protective of their knowledge (see Kogut and Zander, 1993),6 since their

technological knowledge unfolds its main effect on the firm only in combi-

nation with other inputs. Multinational exporters might even engage other

firms actively in their sourcing network and disseminate knowledge volun-

tarily. The former would lead to negative, zero, or smaller positive spillover

effects relative to other firms in the market, while the latter would lead to

larger spillover effects. Moreover, firms might generally learn from export-

ing (of final or intermediate goods) by multinationals as well as domestic

firms. The latter suggests that exporters might induce positive spillover ef-

fects on other firms, irrespective of whether they are foreign-owned or not. To

the extent that foreign-owned firms have access to potentially bigger export

markets and a bigger knowledge base (see, e.g., Dunning, 1970; or Cantwell,

1989), the spillovers they are able to generate might be bigger than those

6Kogut and Zander (1993) suggest that multinational firms will generally induce less

spillovers from their knowledge base, the more tacit and complex the knowledge is they

transfer to subsidiaries abroad. Spillovers to third parties will be stronger if that knowledge

is more general.
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of domestically-owned exporters. Moreover, spillovers depend on the size of

the technology gap and the absorptive capacity of the technology followers.

The more advanced a technology-leading firm is relative to a follower, the

bigger is the incentive but the more difficult it is to catch up and absorb the

leader’s technology (multinational or not) for the follower. While some pa-

pers favor the view that spillover effects are bigger when technology gaps are

moderate or with stronger absorptive capacity (see Cantwell, 1989, Kokko,

Tansini, and Zejan, 1996, Narula and Marin, 2003, or Borensztein, de Grego-

rio, and Lee, 1998) others suggest that catching up is stronger with a bigger

technology gap (see Castellani and Zanfei, 2003, Findlay, 1978, or Wang and

Blomstrom, 1992).

Data:

All data utilized in this study are provided by the National Bureau of Statis-

tics of China (NBS). Their data provide information on balance sheets, ex-

ports, foreign versus domestic ownership, and a firm’s location for all units

with an annual turnover of more than five Million Yuan (about 700 000 USD).

We focus on the electronics sector which is composed of three two-digit sub-

sectors as mentioned before: Manufacturers of electric equipment (industry

code 39); Manufacturers of communication equipment, computers, and other

electronic equipment (industry code 40); Manufacturers of instruments, me-

ters, and other office instruments (industry code 41). The electronics sector

appears interesting for a study like this because it is heavily reliant on tech-

nology (more so than the food industry, for example). Moreover, the elec-

tronics sector is characterized by a strong international presence in China

by way of the holdings of foreign affiliates of foreign companies. The latter

allows for stronger technology spillovers from abroad than in the absence

of foreign ownership. Specifically, data on annual changes in output prices
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(∆ ln pit) and factor prices (∆ lnwfit) as well as total expenditure on workers,

production-related investments and capital, as well as on intermediate inputs

(θfit) are available from that source. These data allow us to calculate the

dependent variable y in (3) as described above.

The data-set provides information on each firm’s zip code. It also iden-

tifies whether a firm is exporting or foreign-owned. This information allows

us to construct binary variables – one if exporting, and zero otherwise; one

if partly foreign-owned, and zero otherwise; one for any two firms if they

belong to the same 4-digit or 3-digit zip code – which may be utilized to

set up the four spatial weight matrices Ws,t−1 for any year t and firm type s

as well as for the disturbance spatial weight matrix W . In turn, this allows

us to generate the columns of Y −1 in (3) which is the lagged counterpart of

Y = [yFD, yDE, yFE, yDD].

Descriptive statistics:

Table 1 reports some descriptive statistics.

– Table 1 about here –

The first two columns report means and standard deviations for all firms

in the electric and electronic industries, while the remainder columns distin-

guish the three aforementioned subsectors. Our unbalanced panel contains

25, 360 firms. More than 50% of these firms are manufacturers of electric

equipment. This industry has the highest TFP growth on average, exceeding

the average over all firms. For the entire electronics industry, approximately

36% of all firms are foreign-owned, of which 9% serve the Chinese mar-

ket only and approximately 27% are exporting. For the 64% domestically-

owned firms in the electronics industry, about one quarter is exporting while

three quarters serve the domestic market only. The pattern is similar in
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the Manufacturing of electric equipment and the Manufacturing of instru-

ments, meters, and other office instruments. The majority of all firms is

Chinese-owned and serves the home market only. The ratio of foreign-owned

versus domestically-owned firms is approximately 1:3 and 1:2, respectively.

However, in the Manufacturing of communication equipment, computers, and

other electronic equipment slightly more than one-half of the firms are foreign-

owned. The highest fraction in this subsector constitute the foreign-owned

exporting firms (about 41%).

Table 2 shows the correlation among all covariates including the spatially

and time-wise lagged dependent variables. For the latter, we report corre-

lations based on the two geographical reaches – 4-digit and 3-digit zip-code

regions – of spillovers for the total electronics industry (Subsectors 39-41).

– Table 2 about here–

Among the TFP growth shifters, the export-to-sales ratio and the foreign-

owned-to-total-capital ratio exhibit the highest partial correlation coefficient

(0.522). Regarding the spatially and time-wise lagged dependent variables,

the highest partial correlation coefficient is 0.663. Overall, the correlation

among the regressors is moderate and does not point to severe multicollinear-

ity among the regressors.

Figures 1 and 2 illustrate the frequency of firms in the electric and elec-

tronics sector and their average TFP growth in the sample period across

3-digit and 4-digit zip-code regions in China.

– Figures 1 and 2 about here–

Figure 1 describes the number of firms in the total industry. It is evident

that firms are relatively concentrated in some sub-regions. 44% of all 4-

digit zip-code regions host firms from the electronics sector. Most of the

13



regions host a few firms only. About 53% of all regions hosting any electronic

manufacturer have up to 5 firms. The average number of firms per 4-digit zip

code region is about 17. Of all regions, 10% host more than 50 firms. The

biggest 4-digit region in terms of firm numbers is a zip code hosting 1,189

firms in the city of Shenzhen, followed by the Donguan region with 1,122

firms. Both cities belong to the Guangdong province.7

Figure 2 shows the average TFP growth in the total industry. In the

second panel of Figure 2, 20% of all inhabited regions have an average TFP

growth that exceeds 0.07. The city of Lengshuijiang in the Hunan province

has the highest TFP growth of about 0.17 among 4-digit zip codes. Most

of the coastal regions exhibit lower TFP growth rates below 0.08. Overall,

the pattern is similar for the individual subsectors: firms are relatively con-

centrated across 4-digit zip-code regions and the coastal regions exhibit the

highest density of firms. Average TFP growth is higher when considering

smaller aggregation levels, which is consistent with a regional concentration

of high-productivity firms.8 The latter points to some convergence in TFP

among China’s electric and electronic manufacturers. Along the path of con-

vergence to the steady state (of firms, regions, and countries), it is a common

pattern that growth rates are smallest where technology levels are highest.

This is not only true for firms in China but also elsewhere (see the firm-level

convergence study by Egger and Pfaffermayr, 2009). The high TFP growth

of Lengshuijiang – a city that is located in the interior of the country – points

also to some catching up of cities outside of the coastal region.

7Big cities consist of more than one 4-digit zip code region, while for smaller cities

the zip code region may coincide with the city range. When looking at the whole city,

Shenzhen in total hosts 1,789 firms in the considered sector. By comparison, Shanghai

hosts 1,898 firms.
8These figures are suppressed to save space. However, they are available upon request

from the authors.
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3.2 Estimation results

Table 3 summarizes the results for estimating eq.(3) without accounting for

spatial correlation in the error term. The results are based on a standard un-

balanced error components model with firm-specific effects. The columns of

the tables report the results for the electric and electronics sector as a whole

as well as the three subsectors that are labeled according to their 2-digit

industry code: the overall electronics industry (in the first column, labeled

Total); manufacturers of electric equipment (in the second column, labeled

Subsector 39 ); manufacturers of communication equipment, computers, and

other electronic equipment (in the third column, labeled Subsector 40 ); man-

ufacturers of instruments, meters, and other office instruments (in the fourth

column, labeled Subsector 41 ). The first four rows of each table refer to

the spillover estimates, i.e., the parameters on the spatially (and time-wise)

lagged TFP growth as columns of Y −1 , while the subsequent rows refer to

the TFP growth shifters in X. Since we consider spillovers within 4-digit

versus 3-digit zip-code regions, we estimate (3) separately and report the re-

sults of the former in the left panel and the latter in the right panel of Table

3, respectively. For each model, we report the simple correlation coefficient

between the dependent variable and the model prediction. Bearing in mind

that we focus on firm-level data, and that the dependent variable reflects

annual log changes, we consider these correlation coefficients to be high. The

results can be summarized as follows.

– Table 3 about here –

Regarding the shifters of TFP growth in X, we find that they exhibit

relatively small effects. However, notice that TFP growth only amounts to

about 0.06 on average. According to Table 3, there is no evidence of a pos-

itive effect of office equipment expenditures on TFP growth. This is not
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surprising, since the production of electronics relies more on specialized ma-

chines than on simple office equipment. Expenditures for the training of the

workforce are significant for Subsector 39 only. There is a positive effect

for exporting firms and none per se for foreign ownership on TFP growth.

This provides evidence in favor of the learning-by-exporting hypothesis and

is consistent with earlier work. For instance, Greenaway and Kneller (2004)

found small effects and only temporary effects of export market entry by

firms in the United Kingdom on subsequent productivity growth. Moreover,

the work of Greenaway, Gullstrand, and Kneller (2005) and Greenaway and

Kneller (2007) points to the heterogeneity of exporting effects on a firm’s

own productivity growth. According to the survey by Görg and Greenaway

(2004), empirical evidence on productivity spillovers from foreign ownership

using panel data is rare and ambiguous, especially, for economies in transi-

tion. Different reasons for non-positive externalities of foreign ownership may

arise from competition or business stealing effects (see Haddad and Harrion,

1993; Aitken and Harrison, 1999). Furthermore, foreign-owned firms may

have a bigger incentive to protect their knowledge and to avoid spillovers

than other firms (see Perri and Andersson, 2012), especially, in knowledge-

scarce countries (see De Faria and Sofka, 2010). From this perspective, we

would not have strong priors towards an unambiguously positive effect of for-

eign ownership on spillovers in the strongly knowledge-dependent electronics

industry, especially, in a country of transition such as China.

With regard to the spillover effects, we obtain the following insights. In

general, stronger spillover effects occur when considering the smallest geo-

graphical reach within 4-digit zip code areas. TFP growth of neighboring

foreign-owned exporting firms in the previous year exhibits a positive im-

pact on TFP growth of an average firm in the current year. In contrast,

foreign-owned non-exporting firms have no impact on average. It appears
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that foreign-owned firms tend to induce more important knowledge spillovers

in China if they participate in the export market than when they only target

Chinese customers. This holds true for firms in all subsectors on average –

in particular in Subsectors 39 and 40 – within 4-digit or 3-digit zip codes.

Similarly, we find positive and significant spillovers from TFP growth of

domestically-owned exporters and negative effects from domestically-owned

non-exporters, when considering spillovers within 4-digit zip-code regions.

For 3-digit zip-code regions, positive effects of domestic exporters are only

found in Subsector 40. On average, the effect of spatially and time-wise

lagged TFP growth of foreign-owned exporters is positive and larger than

for domestic exporters. This holds for all firms and for Subsectors 39 and

41. However, in Subsector 40 we observe the opposite pattern. Subsector 40

consists of manufacturers of communication equipment and computers and,

according to the technology intensity definition of the OECD, the firms in

that subsector particularly depend on inputs and new technology, relative

to the other subsectors considered. Following the view of Kogut and Zander

(1993), multinational firms tend to induce less spillovers the more specialized

the knowledge is. Also, notice that the share of exports of foreign firms is

93% of all exports in that sector, which is the highest share on average and

among all other subsectors (for comparison, that share is about 88% in all

considered subsectors, 69% in Subsector 39, and 87% in Subsector 41). Due

to the high presence of multinational firms in the exports of Subsector 40,

their incentive to share knowledge is lower.

Since Subsector 40 is generally characterized by a large presence of technologically-

advanced foreign-owned firms (more than half of all firms are foreign com-

panies, while overall in the other sectors no more than 37% of the firms are

foreign-owned), the finding of bigger spillovers for domestic exporters in that

industry is consistent with the stronger incentive to learn from the leaders
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by the followers, according to Du, Lu, Tao, and Yu (2012). Note also that

several earlier studies found a positive impact of foreign ownership on ex-

porting of domestic firms (see Narula and Wakelin, 1998, using country-level

data or Greenaway, Sousa, and Wakelin, 2004, using firm-level data).

– Table 4 about here –

Table 4 presents the results for the spatial random effects models based

on (3)–(4). As before, the left (right) panel summarizes the results when

allowing for spillovers to occur within 4-digit (3-digit) zip codes. In general,

the tables suggest that (foreign-owned and domestically-owned) exporters

exhibit a higher TFP growth on average, across Subsectors 39–41, when

allowing spillovers to occur only within 4-digit zip codes. The spillover pa-

rameters are similar between the spatial and non-spatial models, as expected.

Domestic non-exporting firms exhibit a negative impact on TFP growth.

The estimated spatial autocorrelation parameter ρ̂ is positive for all re-

gressions. The parameter is largest for all sectors and smallest for Subsector

41. As expected, ρ̂ tends to be higher when considering spillovers in larger zip

code areas (e.g., 3-digit versus 4-digit zip codes). To see this, take the model

which pools across all subsectors with spillovers within 4-digit zip codes and

compare it to the corresponding one with spillovers within 3-digit zip codes.

While ρ̂ = 0.334 for 4-digit zip codes, it is ρ̂ = 0.475 for 3-digit zip codes.

The reason for the identified pattern is that the non-zero entries of the nor-

malized spatial weights matrix are smaller with a wider possible geographical

range of spillovers. The maximum number of neighbors for all sectors is 1,080

and it is 180 for Subsector 41 with spillovers within 4-digit zip codes. On

the contrary, those numbers are 2,543 and 290, respectively, with spillovers

within 3-digit zip codes. Moreover, the maximum neighbors across all years

and subsectors is 598 for FE-type spillovers in TFP growth, 85 for FD-
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type spillovers, 202 for DE-type spillovers, and 374 for DD-type spillovers

within 4-digit zip codes. These numbers are 1,162 for FE-type spillovers, 294

for FD-type spillovers, 618 for DE-type spillovers, and 1,068 for DD-type

spillovers within 3-digit zip codes. Hence, the strength of spillovers in the

dependent variable and in the disturbances tends to decline in general as we

consider more distant units.

4 Conclusion

This paper focuses on the role of technology spillovers from different firm

types – exporters versus non-exporters and foreign-owned versus domestically-

owned – in China’s electric and electronic industry. We find that spillovers

have a relatively short reach and do not go far beyond 4-digit zip codes.

Moreover, firms’ export market participation tends to benefit other firms in

terms of total factor productivity growth spillovers more extensively than

foreign ownership per se.

Overall, the results suggest that technology spillovers are strongest from

foreign-owned exporters in all considered subsectors of the electronics in-

dustry, except the one that is most technology intensive and characterized

by a particularly strong presence of foreign firms, namely the Manufactur-

ing of communication equipment, computers, and other electronic equipment.

In the latter subsector, spillovers are stronger from domestically-owned ex-

porters than from foreign-owned ones. This is consistent with the notion of

stronger incentives for multinational firms to capture their knowledge in par-

ticularly knowledge-intensive sectors, where there is a relatively large gap in

productivity between the home and the host country. In general, the results

support the hypothesis that learning from exporters is an important source of

productivity growth in China, and learning from foreign-owned exporters is
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particularly important, except for the most technology-intensive subsectors.
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Figure 1: Total industry: Number of firms per region

Three digit zip code regions

Four digit zip code regions



Figure 2: Total industry: Average TFP growth per region

Three digit zip code regions

Four digit zip code regions



Table 1 - Descriptive statistics
All Firms Subsector 39 Subsector 40 Subsector 41

Mean Sd Mean Sd Mean Sd Mean Sd

TFP growth

Firm Types
  Foreign-owned non-exporter (binary indicator)

  Foreign-owned exporter (binary indicator)

  Domestic exporter (binary indicator)

  Domestic non-exporter (binary indicator)

TFP growth shifters
  Export-to-sales ratio

  Foreign-owned-to-total-capital ratio

  Training of employees (binary indicator)

  Expenditures on training of employees (in logs)

  Office equipment (binary indicator)
  Expenditures on office equipment (in logs)

Number of firms

Number of observations

0.056

0.094

0.266

0.159

0.479

0.269

0.300

0.982

3.178

0.995
4.627

25,360
54,776

0.039

0.292

0.442

0.366

0.500

0.394

0.434

0.132

1.082

0.070
1.354

0.064

0.078

0.181

0.164

0.575

0.210

0.206

0.983

3.138

0.995
4.524

13,938
30,153

0.036

0.268

0.385

0.370

0.494

0.364

0.380

0.131

1.036

0.073
1.341

0.044 0.042

0.121 0.326

0.414 0.493

0.142 0.349

0.321 0.467

0.365 0.419

0.464 0.472

0.981 0.136

3.258 1.146

0.995 0.068
4.793 1.385

8,059

16,984

0.049

0.098

0.267

0.182

0.451

0.285

0.299

0.983

3.155

0.996
4.663

3,316

6,995

0.037

0.298

0.442

0.386

0.498

0.404

0.430

0.128

1.103

0.062
1.305

Notes: The first column contains all firms that are active in the electronics industry. This industry consists of 3 subsectors: Subsector 39 denotes manufacturer of electric 
equipment, Subsector 40 manufacturer of communication equipment, computers, and other electronic equipment, and Subsector 41 manufacturer of instruments, meters, 
and other office instruments.



 Table 2 ‐ Correlation matrix of covariates

xEXPR,t xFCR,t dTRAIN,t xTRAIN,t dOFF,t xOFF,t yFD,t-1 yFE,t-1 yDE,t-1 yDD,t-1

TFP growth shifters

  Export‐to‐sales ratio

  Foreign‐owned‐to‐total‐capital ratio

  Training of employees (binary indicator)

  Expenditures on training of employees (in logs)

  Office equipment (binary indicator)

  Expenditures on office equipment (in logs)

xEXPR,t

xFCR,t

dTRAIN,t

xTRAIN,t

dOFF,t

xOFF,t

1

0.522

‐0.018

‐0.004

0.008

0.100

1

‐0.024

‐0.027

0.014

0.117

1

0.395

0.028

0.081

1

0.036

0.369

1

0.239 1

Spatially and time‐wise lagged TFP growth according to zip 

 4‐digit zip‐code regions

  Lagged TFP growth of foreign‐owned non‐exporting firms

  Lagged TFP growth of foreign‐owned exporting firms

  Lagged TFP growth of domestic exporting firms

  Lagged TFP growth of domestic non‐exporting firms

 3‐digit zip‐code regions

  Lagged TFP growth of foreign‐owned non‐exporting firms

  Lagged TFP growth of foreign‐owned exporting firms 

  Lagged TFP growth of domestic exporting firms  

  Lagged TFP growth of domestic non‐exporting firms

code classification

yFD,t-1 ‐0.094

yFE,t-1 0.403

yDE,t-1 0.189

yDD,t-1 ‐0.306

yFD,t-1 ‐0.095

yFE,t-1 0.521

yDE,t-1 0.207

yDD,t-1 ‐0.367

0.230

0.429

‐0.139

‐0.328

0.258

0.580

‐0.170

‐0.393

‐0.011

‐0.006

0.006

0.012

‐0.015

‐0.006

0.000

0.011

‐0.026

‐0.013

0.031

‐0.025

‐0.033

‐0.016

0.036

‐0.044

0.002

0.005

0.008

‐0.002

0.003

0.006

0.008

‐0.013

0.002

0.068

0.028

‐0.045

‐0.004

0.096

0.024

‐0.101

1

‐0.067

‐0.054

‐0.089

1

‐0.099

‐0.068

‐0.121

1

‐0.080

‐0.153

1

‐0.124

‐0.248

1

‐0.122

1

‐0.169

1

1



Table 3 - Regressions without accounting for spatial autocorrelation in the error term

 Spillovers within 4-digit zip-code regions  Spillovers within 3-digit zip-code regions
Dependent variable: total factor productivity (TFP) growth

Acronym Total Subsector 39 Subsector 40 Subsector 41 Total Subsector 39 Subsector 40 Subsector 41

TFP growth at time t-1

  Lagged TFP growth of foreign-owned non-exporting firms 

  Lagged TFP growth of foreign-owned exporting firms

  Lagged TFP growth of domestic exporting firms 

  Lagged TFP growth of domestic non-exporting firms

TFP growth shifters at time t

  Export-to-sales ratio

  Foreign-owned-to-total-capital ratio

  Training of employees (binary indicator)

  Expenditures on training of employees (in logs)

  Office equipment (binary indicator)

  Expenditures on office equipment (in logs)

Constant

yFD,t-1

yFE,t-1

yDE,t-1

yDD,t-1

xEXPR,t

xFCR,t

dTRAIN,t

xTRAIN,t

dOFF,t

xOFF,t

-0.078* -0.043 -0.089 0.031
(0.045) (0.050) (0.080) (0.111)
0.108*** 0.101*** 0.103** -0.006
(0.029) (0.039) (0.047) (0.068)
0.035 0.045** 0.211*** -0.027
(0.023) (0.021) (0.077) (0.041)
-0.102*** 0.000 -0.197*** -0.196***
(0.020) (0.018) (0.057) (0.042)

0.004*** 0.005*** 0.004*** 0.003**
(0.001) (0.001) (0.001) (0.002)
-0.002*** -0.005*** -0.000 -0.000
(0.001) (0.001) (0.001) (0.001)
0.002 0.004** -0.001 0.001
(0.001) (0.002) (0.003) (0.003)
0.000 -0.000 0.000 0.001
(0.000) (0.000) (0.000) (0.000)
0.002 -0.000 0.008 0.001
(0.003) (0.003) (0.009) (0.004)
-0.000 0.000 0.000 -0.000
(0.000) (0.000) (0.000) (0.000)

0.060*** 0.056*** 0.040*** 0.057***
(0.003) (0.003) (0.009) (0.004)

-0.018 -0.057 0.013 -0.068
(0.047) (0.059) (0.089) (0.089)
0.075*** 0.001 0.134*** -0.013
(0.028) (0.030) (0.049) (0.069)
0.013 0.016 0.190*** -0.057
(0.017) (0.016) (0.069) (0.041)
-0.040*** 0.004 -0.148*** -0.185***
(0.014) (0.016) (0.047) (0.048)

0.005*** 0.006*** 0.003*** 0.003
(0.001) (0.001) (0.001) (0.002)
-0.003*** -0.004*** -0.001 -0.000
(0.001) (0.001) (0.001) (0.002)
0.002 0.004** -0.001 0.001
(0.001) (0.002) (0.003) (0.003)
0.000 -0.000 0.000 0.001
(0.000) (0.000) (0.000) (0.000)
0.002 -0.000 0.008 0.001
(0.003) (0.003) (0.009) (0.004)
-0.000 0.000 0.000 -0.000
(0.000) (0.000) (0.000) (0.000)

0.060*** 0.056*** 0.040*** 0.058***
(0.003) (0.003) (0.009) (0.004)

Number of observations

Correlation coefficient between dependent variable and prediction

54,776 30,153 16,984 6,995

0.286 0.265 0.115 0.241

54,776 30,153 16,984 6,995

0.285 0.264 0.118 0.241
Notes:                                                                                                                                                                                                                                                                                                                                 
1. *, **, and *** refer to significant parameters and test statistics at 10%, 5%, and 1%, respectively. 2. The sample consists of firms in the electronics sectors. It is composed of three 2-digit subsectors:
Subsector 39 refers to manufacturers of electric equipment; Subsector 40 refers to manufacturers of communiction equipment; and Subsector 41 refers to manufacturers of precision instruments and other
office instruments. 3. Total factor productivity growth is calculated employing the Törnqvist index. 4. All regressions include time fixed effects. The regressions for "Total" are based on all firms in Subsectors
39-41 and additionally account for industry fixed effects. 5. With 4-digit (3-digit) zip codes, we restrict spillovers to occur within those regions.                                                                                       



Table 4 - Regressions accounting for spatial autocorrelation in the error term 

 Spillovers within 4-digit zip-code regions  Spillovers within 3-digit zip-code regions
Dependent variable: total factor productivity (TFP) growth

Acronym Total Subsector 39 Subsector 40 Subsector 41 Total Subsector 39 Subsector 40 Subsector 41

TFP growth at time t-1

  Lagged TFP growth of foreign-owned non-exporting firms 

  Lagged TFP growth of foreign-owned exporting firms

  Lagged TFP growth of domestic exporting firms 

  Lagged TFP growth of domestic non-exporting firms

TFP growth shifters at time t

  Export-to-sales ratio

  Foreign-owned-to-total-capital ratio

  Training of employees (binary indicator)

  Expenditures on training of employees (in logs)

  Office equipment (binary indicator)

  Expenditures on office equipment (in logs)

Constant

Spatial autocorrelation parameter

yFD,t-1

yFE,t-1

yDE,t-1

yDD,t-1

xEXPR,t

xFCR,t

dTRAIN,t

xTRAIN,t

dOFF,t

xOFF,t

ρ

-0.044 -0.025 -0.058 0.048
(0.047) (0.052) (0.083) (0.112)
0.116*** 0.105** 0.124** 0.006
(0.032) (0.042) (0.050) (0.070)
0.055** 0.059*** 0.232*** -0.021
(0.024) (0.022) (0.079) (0.042)
-0.067*** 0.024 -0.166*** -0.178***
(0.023) (0.020) (0.059) (0.043)

0.004*** 0.006*** 0.004*** 0.003*
(0.001) (0.001) (0.001) (0.002)
-0.003*** -0.005*** -0.000 -0.000
(0.001) (0.001) (0.001) (0.001)
0.001 0.003** -0.001 0.001
(0.001) (0.002) (0.003) (0.003)
0.000 -0.000 0.000 0.001
(0.000) (0.000) (0.000) (0.000)
0.003 0.000 0.007 0.001
(0.003) (0.003) (0.009) (0.004)
-0.000 0.000 0.000 -0.000
(0.000) (0.000) (0.000) (0.000)

0.043*** 0.042*** 0.034*** 0.055***
(0.002) (0.002) (0.008) (0.004)

0.334*** 0.300*** 0.180*** 0.030***
(0.002) (0.001) (0.003) (0.003)

0.005 -0.033 0.044 -0.063
(0.048) (0.061) (0.092) (0.090)
0.040 -0.010 0.118** -0.016
(0.032) (0.031) (0.054) (0.072)
0.025 0.015 0.203*** -0.052
(0.018) (0.017) (0.072) (0.041)
-0.029* 0.006 -0.134*** -0.169***
(0.016) (0.019) (0.052) (0.050)

0.005*** 0.006*** 0.003*** 0.003
(0.001) (0.001) (0.001) (0.002)
-0.003*** -0.005*** -0.001 0.000
(0.001) (0.001) (0.001) (0.002)
0.001 0.003* -0.001 0.001
(0.001) (0.002) (0.003) (0.003)
0.000 -0.000 0.000 0.000
(0.000) (0.000) (0.000) (0.000)
0.003 0.000 0.007 0.000
(0.003) (0.003) (0.009) (0.004)
-0.000 0.000 0.000 -0.000
(0.000) (0.000) (0.000) (0.000)

0.036*** 0.036*** 0.029*** 0.054***
(0.002) (0.002) (0.006) (0.004)

0.475*** 0.442*** 0.234*** 0.080***
(0.002) (0.002) (0.005) (0.007)

Number of observations 54,316 29,677 16,681 6,682

Correlation coefficient between dependent variable and prediction 0.279 0.263 0.115 0.245

54,688 30,064 16,926 6,903

0.276 0.261 0.117 0.241
Notes:                                                                                                                                                                                                                                                                                                                                
1. *, **, and *** refer to significant parameters and test statistics at 10%, 5%, and 1%, respectively. 2. The sample consists of firms in the electronics sectors. It is composed of three 2-digit subsectors:
Subsector 39 refers to manufacturers of electric equipment; Subsector 40 refers to manufacturers of communiction equipment; and Subsector 41 refers to manufacturers of precision instruments and other
office instruments. 3. Total factor productivity growth is calculated employing the Törnqvist index. 4. All regressions include time fixed effects. The regressions for "Total" are based on all firms in Subsectors
39-41 and additionally account for industry fixed effects. 5. With 4-digit (3-digit) zip codes, we restrict spillovers to occur within those regions.  6. Rho is calculated using the weighted GM estimator.                   
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