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Abstract China is on the way toward an innovation-oriented economy as well as a
manufacturing powerhouse. R&D investments play a central role in improving China’s
industrial competitiveness. This study conducts empirical analysis to test the role
of agglomeration economies in R&D efforts using plant-level data of the electronic
and telecommunication equipment manufacturing industry in 2007. Statistical results
suggest that both localization and urbanization economies significantly affect firm
R&D. Downstream sectors are the major driving force of business R&D. Downstream
firms are more likely to generate externalities than upstream ones. Upstream and
midstream agglomerations even generate negative externalities due to preemption.

JEL Classification D22 · L63 · O32 · R12

1 Introduction

Recently, scholars from geography and economics have increasingly recognized the
importance of agglomeration economies in innovation. Theories of the geography of
innovation center on the classic conceptions of agglomeration economies. One debate
is about the relative importance of localization and urbanization economies (Rosenthal
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672 P. Zhang et al.

and Strange 2004; Agrawal et al. 2010). Localization economies imply that firms
benefit from clustering with other firms in the same sector (Glaeser et al. 1992) while
urbanization economies mean that diversity can better promote innovation (Feldman
1999). In the Western literature, urbanization economies are believed to be more
conducive to innovative activities (Feldman and Audretsch 1999; Henderson 1997),
while evidence from China supports the localization thesis (Zhang and Li 2007).

Existing studies have placed more emphasis on the outputs of innovation (Autant-
Bernard and LeSage 2011). Little research has been conducted in terms of the rela-
tionship between agglomeration economies and firm R&D inputs. The two exceptions
proposed by Lee (2009) and Suarez and Walrod (1997) report a negative effect of clus-
tering on firm R&D intensity. The effect is mediated by technological competence,
absorptive capability, R&D collaboration and global networks (Lee 2009). However,
they suffer from a few weaknesses. First, clustering is based on firm’s self-identification
about whether or not it is located in a cluster. Second, it only focuses on the clustering
of firms in the same industry. The asymmetric influences of urbanization economies,
especially those based on the value chain, are not investigated in the literature.

Using plant-level data of the electronic and telecommunication equipment man-
ufacturing industry in China, this study will test the importance of agglomeration
economies in R&D intensity. We measure the different aspects of agglomeration
economies from industrial specialization to diversification. We then examine the
agglomeration of firms in different segments in the value chain and their effects on
firm R&D. We divide the whole value chain into upstream, midstream and downstream
sectors based on the Standard Industrial Classification (SIC) codes in China (GB/T
4754-2002). Upstream firms include electronic components manufacturing compa-
nies, while midstream firms consist of electronic device manufacturing firms and
downstream producers indicate equipment manufacturing and assembling. We also
highlight the influence of institutional environments in China on firm R&D efforts.
In particular, we consider the implication of weak protection of intellectual property
rights and China’s position in the low end of the global value chain.

Statistical results show that both localization and urbanization economies exert
positive influences on firm R&D intensity in China. Downstream sectors in the value
chain are the major driving force of business R&D. Clustering of downstream firms
exerts positive effects, but significant effects can only be detected within downstream
sectors. Upstream and midstream agglomerations even generate negative externalities
due to preemption.

This paper is structured as follows. The second part develops the analytical frame-
work, followed by the introduction of data sources. This paper then describes and ana-
lyzes the extent of agglomeration and R&D efforts in the industry. Statistical analysis
and robustness checks will be presented afterward. The paper concludes with a sum-
mary of empirical findings.

2 Agglomeration economies and R&D efforts in a transitional economy:
analytical framework and research hypotheses

We develop an analytical framework to explore the role of firm heterogeneity,
agglomeration economies and their influence on R&D efforts in China. Specifically,
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we consider the influence of China’s inadequate protection of intellectual property
rights (IPR), its position in the low-end part of global value chains and government
intervention.

2.1 Business R&D and agglomeration economies: localization or urbanization
economies?

Two types of agglomeration economies have been identified, i.e., localization and
urbanization economies. Localization economies refer to spillovers among concen-
trated firms in the same industry, while urbanization economies are benefits to firms
among diverse industries. The spillovers occur through a few channels: demonstration,
competition, business linkages between suppliers and providers, and labor mobility.
Despite the positive influence of externalities on innovation output, the relationship
between externalities and business R&D is not straightforward.

Localization economies work in the following ways. First, the demonstration effect
of leading firms is inductive to other firms’ innovation efforts. Once a leading firm in
a concentration adopts some new technologies, other firms may follow. Second, the
concentration of firms within the same industries will enhance the competition and
consequently enforce firms to invest more in firm R&D to survive the competition.

However, a clustering of firms in the same industry could have negative impacts
on firms’ R&D efforts because of the free-riding problems associated with spillovers
among firms in local clusters (Beal and Gimeno 2001). For example, labor mobility
may reduce the motives to conduct R&D, since internally generated knowledge may
leak to competitors. Locating in a cluster of firms in the same industry can also have
a lock-in effect where firms overlook opportunities in the broad market (Pouder and
John 1996). Failure to recognize the technological and market opportunities beyond
the local clusters will lead to smaller R&D efforts among firms in the clusters. The
relationship between localization economies and firm R&D is unclear in China.

In contrast, urbanization economies rely on the complementary relationship among
firms in different industries and other factors such as universities and producer services
in the urban environment. As such competitive effects are less significant, spillovers
through interactions among different factors are more likely to promote firm R&D.
Such R&D will help firms enhance their absorptive capabilities and capture spillovers
through urbanization economies. As such, we hypothesize that urbanization economies
have positive effects on firms’ R&D while the impact of localization economies on
firms’ R&D is uncertain.

2.2 Further discussions on urbanization economies: which part of the value chain
drives business R&D

Urbanization economies sometimes rely on business linkages across the value chain.
In the Western context, upstream ends are found to be intensive in R&D activities due
to more value-added (Mudambi 2008). In China, the intellectual property right (IPR)
regulation is not well enforced. Insufficient IPR protection results in two possible
consequences. First, upstream sectors lack strong incentives to conduct R&D. This is
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confirmed by Gao and Fu (1996) in a survey of managers, which found that unclear
IPR is among the most important barriers to undertaking innovation activities. The
geographical clustering of related firms increases the chance of technology leakage
under weak IPR protection.

Compared with downstream sectors, upstream firms are more vulnerable to uncer-
tainties inherent to the innovation process (Tellis and Peter 1996). As a consequence,
the rational choice for upstream firms is to follow the steps of other partners rather
than be the first to make innovations (Zhang et al. 2007). Evidence shows that China’s
manufacturing firms have increased their funding of R&D by buying or contracting for
research from outside rather than making R&D efforts in-house (White 2000). Thus,
with clusters of firms in the same/related industry, upstream firms are concerned with
knowledge leakages because of the weak IPR protection regime. We expect that the
agglomeration of upstream sectors will not have significant effects on firms’ R&D
intensity in China.

Second, downstream sectors, however, might make use of second-mover advan-
tages through imitation and become more active in R&D efforts under weak IPR
protection. It is easier for downstream firms, intrinsically less R&D intensive than
their upstream counterparts, to get involved in imitation process, which is encouraged
by insufficient IPR protection (DiMaggio and Powell 1983). As a result, agglom-
eration of downstream sectors might generate positive externalities by stimulating
other firms’ incentives of imitation. Major changes have taken place in the distribu-
tion of R&D activities in China with reforms creating strong incentives for applied
research to be more responsive to downstream manufacturers (Liu and White 2001).
This has strengthened the spillover effects from downstream firms. Thus, we expect
that agglomeration of downstream sectors will have significant positive effects on
firms’ R&D intensity in China.

2.3 Heterogeneous urbanization economies along the value chain

Urbanization economies across the value chain can influence business R&D, but het-
erogeneous effects may exist in different sectors (Battisti and Stoneman 2003). We
expect different effects of the agglomeration of upstream firms on upstream and down-
stream firms’ R&D efforts. Spillover effects from downstream firms can also differ
across the value chain.

Industrial agglomeration along the value chain can bring about many benefits due
to imperfect competition (Krugman and Venables 1995). Venables (1996) argued that
the production expansion in downstream firms increases the output of upstream sec-
tors by enlarging demand of intermediate goods, contributing to the agglomeration of
vertically linked industries. New breakthroughs, often originated in downstream firms,
will lead to the upgrading of equipment and products in these sectors. This requires its
upstream counterparts to conduct more R&D to catch up with technological improve-
ments. This will favor the growth of other downstream industries and accelerate the
overall technological progress along the value chain (Sun 2010).

China’s upstream firms are more technologically advanced than downstream firms.
As such, they are more likely to face the pressure from their upstream counterparts.
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Spillover effects among upstream firms might not be very clear because firms facing
fierce competition can be either more or less likely to conduct R&D. Spillovers from
upstream to downstream sectors might be more significant. This process only happens
if the suppliers can appropriate the benefits from innovation (Battisti and Stoneman
2003). Most downstream firms in China are not very innovative despite their integration
into global value chains (Fan 2011). These firms at the low-value-added segments
of the global value chain do not have sufficient capabilities to generate adequate
knowledge spillovers to upstream factories. Downstream firms controlling product
sales are strongly motivated to learn from other firms and conduct R&D in order to
improve their product quality and increase their chance to be integrated into global
value chains (Zhang et al. 2007).

We argue that the agglomeration of firms in the same or related industries will pro-
vide more opportunities for such downstream firms to learn from others. This includes
reducing the costs of final products, improving product quality and strengthening new
product development across functional teams. As a result, the clustering of downstream
firms represents more learning opportunities for downstream counterparts.

However, the spillover effects from downstream to upstream firms might not be
significant due to their limited cooperation with upstream suppliers in new product
development. Less product similarity and larger technology gaps make interactions
between upstream and downstream firms weaker than those within downstream sec-
tors. The agglomeration of downstream firms may generate positive externalities to
upstream counterparts. As a consequence, we expect that the agglomeration of down-
stream firms will have positive impacts on downstream firms’ R&D efforts, while the
clustering of upstream firms will have no impacts on upstream firms’ R&D efforts.
Spillovers between upstream and downstream firms are expected to be limited.

3 Data sources and model specification

3.1 Data sources

We rely on the Annual Survey of Industrial Firms (ASIF) from 2004 to 2007 in China to
capture firms’ R&D efforts.1 Those are the most recent firm-level data we can obtain.
ASIF is conducted by the State Statistics Bureau of China and covers all Chinese
industrial state-owned enterprises and non-state-owned enterprises with annual sales
of 5 million Yuan or more. The dataset provides detailed information on enterprises’
location, capital structure, total employees, total shipments, exported shipments, inter-
mediate inputs, among others. We mainly rely on data in 2007 to measure R&D inputs
because information about R&D efforts is only available in 2007. To avoid possible
reverse causality problems, data in 2004–2006 are also included in the analysis.

We select the electronic and telecommunication equipment manufacturing (ETEM)
industry2 for two reasons. First, it is among the five manufacturing industries that are

1 Enterprises in this database make up over 90 % of the national manufacturing output value and each
reports annual business income of more than five million. Thus, they are good representatives of China’s
national sample.
2 The two-digit code for this manufacturing in database is 40.
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categorized as high-tech industries in China3 and plays a leading role in the develop-
ment of China’s high-tech industries. For example, in 2008, intramural R&D expendi-
ture in ETEM industry was 4,029.384 million Yuan, which represented over 60 % of
the R&D spending among the five high-tech industries.4 Second, it is reported as the
most competitive industry with the highest capacity of business innovation by Chinese
Academy of Science. The number of inventive patents owned by ETEM industry was
15,418 in 2008, which was about 65 % of the total number of inventive patents in
China’s high-tech industries (See footnote 4). Technologically competitive firms in
this industry include Huawei, Zhongxin and Lenovo (Fan 2006).

We measure R&D efforts as R&D intensity (that is, the ratio of R&D expenditure
to total business income). In analogy to the literature on international trade, both
localization and urbanization economies can influence R&D intensity through either
intensive margin or extensive margin (Stoneman and Battisti 2010). Agglomeration
increases firms’ return to innovative activities by acting on the intensive margin while
it affects the extensive margin by stimulating new entries and exits in business R&D.
We discuss the effects of agglomeration on both intensive and extensive margins when
interpreting the empirical results.5

3.2 Measurements of localization and urbanization economies

Agglomeration is measured by a few proxies. In accordance with Henderson (2003),
firm density in a city can be used as a proxy for the localization effect. We use variable
‘firm density at 4-digit level’, which refers to the firm density in the same 4-digit
subsector within a city, to capture the localization effect. However, firm density might
not be appropriate to capture urbanization economies because it may simply reflect
concentration outside certain industries rather than urban diversity. Thus, we refer to
He and Pan (2010) to construct some indices for urbanization economies.

For urbanization economies from different subsectors within the same industry, we
use the location quotient to capture the importance of industrial agglomeration. The
location quotient is measured as the ratio of the gross industrial output of subsector s
in city j to the gross industrial output of the same subsector in the whole country n,
defined as follows:

L Qsj = OU Tsj/OU Tj

OU Tsn/OU Tn

where OU Tsj is the gross output of subsector s in city j; OU Tj represents the gross
industrial output in city j; OU Tsn is the gross output of the same subsector at the
national level; and OU Tn is the gross industrial output at the national level. If the

3 The other four industries are: pharmaceutical manufacturing industry, aerospace manufacturing industry,
computer and office equipment industry and medical equipment and instrument manufacturing industry.
4 Data come from China’s High-tech Industry Statistical Yearbook 2008.
5 Our empirical research can only present a net effect of these two features because R&D expense in 2007
is the only information on business R&D in our dataset and it is hard to identify the change in composition
of firms conducting R&D with cross-sectional data.
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location quotient L Qsj is greater than 1, then city j has a relatively high level of
concentration of subsector s.

Two variables are considered for a detailed division of urbanization economies in
different subsectors within the same industry. Variable ‘location quotient at 4 digit
level’ is to measure the location quotient of firms belonging to different subsectors but
still inside the ETEM industry. ‘location quotient at 2 digit level’ refers to the location
quotient of all subsectors within ETEM industry.

He and Pan (2010) also suggest that industrial diversity is introduced as a proxy
for urbanization economies from all industries other than ETEM industry in the city.
It is the inverse of a normalized Herfindhal index of industrial concentration, defined
as follows:

DI Vj =
1/

∑S
s′ �=s

(
OU Ts′ j

OU Tj −OU Tsj

)2

1/
∑S

s′ �=s

(
OU Ts′n

OU Tn−OU Tsn

)2

where s refers to the ETEM industry; OU Ts′ j is the gross industrial output of industries
other than the one that is studied in city j ; and OU Tn and OU Tsn are the gross indus-
trial output at the national level and the gross output of ETEM industry in China. Higher
industrial diversity indicates urbanization economies among different industries.

Variable ‘industrial diversity’ is set up for industrial diversity of firms outside the
ETEM industry. The coefficient of the first variable “firm density at 4-digit level”
might be either positive or negative since the effects of localization economies on
R&D efforts are not clear while the coefficients of the remaining variables in this
category will be positive due to the potential urbanization economies.

Further disaggregation is used to test the heterogeneous effects of clustering along
the value chain. We separate the effects of agglomeration economies from upstream,
midstream and downstream counterparts and set up three variables to calculate the
clustering of firms along the value chain: variable ‘location quotient upstream’ for
location quotient of upstream producers, ‘location quotient midstream’ for location
quotient of midstream firms and ‘location quotient downstream’ for local quotient of
downstream plants. We will run the models separately for firms in upstream, midstream
and downstream sectors to test the interactions among firms in different segments of
the value chain. Only ‘location quotient downstream’ will have positive impacts on
overall R&D intensity. Also, we expect the agglomeration of Chinese upstream firms
(location quotient upstream) will be negative, while the concentration of downstream
firms (location quotient downstream) will have positive impacts on R&D intensities
for downstream sectors.

3.3 Model specifications

In order to examine the impacts of agglomeration economies on R&D intensity, we
adopt the Tobit model rather than the OLS regressions since there are many zero values
in the dependent variable (R&D intensity). Ignoring these zero values can result in a
downward bias in estimates (Autant-Bernard and LeSage 2011).
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With cross-sectional analysis, the models could be criticized for potential reverse
causality and endogeneity problems. Reverse causality arises from the fact that
agglomeration economies and spillovers reinforce each other. The geographical prox-
imity of firms accelerates knowledge spillovers and innovation through externalities.
Firms tend to locate in clusters to capitalize on the knowledge stock in neighboring
firms (Koo 2005). Endogeneity problem arises when unobserved characteristics have
impacts on firm innovation. In response to the possible reverse causality, we intro-
duce the lag term of possible endogenous variables in regressions. As multi-phase lag
effects are proven not significant based on evidence from China (Zhang et al. 2007),
we first adapt the possible endogenous variables in the previous year as the lag term
in our major empirical results. We use the 2007 data to measure R&D intensity while
base the calculation of agglomeration on the 2006 data.

In the first robustness check, we introduce the lag values of endogenous variables
in the previous two and three years (agglomeration in 2005 and 2004) to further solve
the problem of possible reverse causality. We make the following improvements to
minimize the impacts of endogeneity problem on the consistency of coefficients by
introducing the matching method. We construct a matched sample and use condi-
tional logit identification in accordance with Agrawal et al. (2010) to control for the
underlying distribution of R&D intensity and other unobservable confounders.

To control for the pooling aspect of model implementation, we introduce indus-
try fixed effects in all regressions. Industry fixed effects over different 4-digit sub-
industries are introduced, with reference to relevant studies (Autant-Bernard and
LeSage 2011). Furthermore, to avoid heteroscedasticity of the disturbance terms, we
rely on HSK-robust models to guarantee the consistency of estimates by assigning
more weights to observations with larger variances. Furthermore, all variables are
standardized to make the coefficients more comparable.

In addition, we include a number of controls for firm features and urban environ-
ment. Firm characteristics include firm size, ownership, export and age, which have
been shown to affect firm-level R&D efforts. First, firm size matters for R&D inputs
but it is still uncertain whether large or small firms are more willing to be engaged
in R&D efforts (Feldman 1999; Koo 2005). We introduce a variable ‘firm size’ to
measure firm size and only include small- and medium-sized firms to avoid multi-
collinearity issue.6 This variable based on statistical classification might reflect more
comprehensive information about firm size than measurements according to the num-
ber of employees or sales. Second, ownership is an important factor in the Chinese
context. We consider five categories of ownership in the models: state-owned, col-
lectively owned, privately owned, firms funded by Hong Kong, Macao and Taiwan
and foreign investments.7 Exports are captured by export intensity (the ratio between
export and total output). In other countries, exports may have positive impacts on
firm R&D, though in China we expect exports will have negative impacts on firm
R&D. Last, we consider the variable ‘duration’ (gap between year 2007 and the year

6 Our database has already categorized existing firms into three parts and assigned value 1 for large com-
panies, 2 for mid-scale firms and 3 for small setups.
7 This has already been categorized in our database.
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of establishment) to capture the relationship between time and R&D intensity. Most
studies have shown that young firms are more R&D intensive and innovative.

Our proxies for city characteristics, mainly used to avoid omitted variable bias,
include municipality, capital and three-line frontier. Municipality refers to whether
a city is one of the four provincial-level cities (Beijing, Shanghai, Tianjin and
Chongqing). Capital refers to whether a city is a provincial capital. Three-line frontier
refers to whether a city was once the front of “Third-Frontier Construction” during
the 1960s and 1970s in China (see Part 4 for more details).

We further include a few city-level variables as controls: the overall industrial
R&D intensity, the average wage and the labor pool. The average industrial R&D
intensity (average research) is included to capture the overall urban technological
sophistication. It is expected that firms in more technologically advanced cities will
report higher R&D intensity. Following Bartel and Lichtenberg (1987), we include
the average wage in the ETEM industry (average human capital) to proxy for human
capital. Finally, we include the total industrial employment (labor pool) to control the
scale of urban economy.

The Tobit model is defined as follows:

researchi j = ηi + β0 + β1Ai j + β2Xi + β3Z j + β4Di j + εi j

where i represents observations and j is the corresponding city. researchi j indicates
R&D intensity in 2007 for firm i in city j . Industry fixed effect is captured by ηi . Matrix
Ai j includes proxies for agglomeration economies. Xi refers to firm characteristics,
including size, ownership, duration and market structure. Z j includes average human
capital, average city research and labor pool. Di j is a set of dummy variables proxy
for innovative environments. εi j is the stochastic error term.

The Tobit model for the agglomeration of the value chain is as follows:

researchi j = ηi + β0 + β1A_chaini j + β2Xi + β3Z j + β4Di j + εi j

where variable A_chaini j indicates location quotient of firms in different segments
of the value chain. We test whether it is upstream or midstream or downstream sector
that drives China’s business R&D intensity.

Tests of heterogeneous effects of agglomeration across segments of the value chain
consist of three sets of models conditional on the value chain:

research_chaini j = ηi + β0 + β1A_chaini j + β2 Xi + β3Z j + β4Di j + εi j

where variables research_chain and A_chaini j are defined to separately measure
R&D intensities and the agglomeration of firms in the upstream, midstream and down-
stream sections along the value chain. Industry fixed effects are still needed here
because R&D efforts might be far from homogenous even within each segment. Sim-
ilarly, we consider the lag term of location quotient and use the 2006 data to measure
industrial agglomeration.
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4 Spatial pattern of ETEM industries and R&D efforts in China

4.1 Spatial pattern of China’s ETEM industries

Since 1980, the economic reform has spurred the development of China’s ETEM
industry. From the 1990s, the rapid growth of information and computer industries has
played the leading role in China’s ETEM industries (Meng and Li 2001). Global lead-
ing firms that set their operations in China in the 1980s and 1990s include Cisco, Erics-
son, Lucent Technologies, Motorola, Nokia, Nortel Networks and Siemens. Domestic
firms, led by Huawei, ZTE, DTT and GDT, also developed quickly after the 1980s
(Fan 2006).

Industrial agglomeration has appeared as a result of the industrial growth. Bei-
jing, Shanghai, Jiangsu and Guangdong contributed 72 % of the national manufac-
turing output and 80 % of exports in 2007 (Zhou et al. 2011). In Fig. 1, we measure
agglomeration by the density of firms in ETEM industry in year 2007 (the num-
ber of firms divided by the area of a prefectural level city). China’s ETEM industry
clusters are located in regions such as Beijing, Shanghai–Suzhou and Shenzhen–
Dongguan, in pursuit of large-scale economies and strong industrial linkages
(He and Zhu 2008).

Fig. 1 Spatial distribution of electronic and telecommunication equipment manufacturing (ETEM) industry
in China (2007). Data sources: Annual Survey of Industrial Firms (ASIF)
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Fig. 2 Spatial distribution of upstream, midstream and downstream electronic and telecommunication
equipment manufacturing (ETEM) industry (2007). Data sources: Annual Survey of Industrial Firms (ASIF)

High densities of firms also appear in certain inland provinces and the Northeast
China, including Hubei, Sichuan, Shannxi and Liaoning, which can be seen as evidence
of “path dependence.” With many state-owned enterprises in the electronic industry
in the prereform period, cities in the Northeast China benefit substantially from the
long-standing government supports. Sichuan, Shannxi and Hubei, the forefront of
the “Third-Frontier Construction,” have a tradition of advanced development of mil-
itary industries. Large investments in human capital and scientific research during
the “Third-Frontier Construction” period equipped these regions well with necessary
capital and technicians for innovation during the transition from military industries to
civilian-oriented production.

Spatial distribution of upstream, midstream and downstream segments in China’s
ETEM industries can be seen in Fig. 2. Still, Beijing, Shanghai and Guangdong have
the highest level of agglomeration of firms in all three segments. However, Shanghai
and Jiangsu have the largest number of midstream firms while downstream sectors con-
centrate in Guangdong (Meng and Li 2001). Moreover, some cities in West China also
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Fig. 3 Distribution of R&D intensity among cities in electronic and telecommunication equipment manu-
facturing (ETEM) industry in China (2007). Data sources: Annual Survey of Industrial Firms (ASIF). Note
R&D intensity is the ratio of R&D expenditure to total business income for each firm

have their comparative advantages in ETEM industries. For example, Xi’an is strong
in the photoelectron. Chengdu and Chongqing have the concentration of software and
manufacturing, respectively (Yang 2006).

4.2 Spatial pattern of R&D efforts

The spatial pattern of R&D intensity in ETEM industries is shown in Fig. 3. Provinces
with the highest average R&D intensity include Beijing and Gansu, Xinjiang, Guizhou,
Yunnan and Heilongjiang. In contrast, coastal provinces such as Jiangsu, Zhejiang and
Guangdong, with high density of firms, are paradoxically corresponding to lower R&D
intensities. Beijing tops all regions in the R&D intensity owing to its accumulation of
scientific resources and technicians. High R&D intensity in inland provinces is asso-
ciated with the larger proportion of state-owned enterprises. Their R&D activities are
strongly encouraged and supported by the governments. Their R&D intensities can
also be traced back to the ‘Third-Frontier Construction’ period when rapid technolog-
ical progress took place in the military factories (Yang 2006).

Lower R&D intensities in cities in the Yangtze River Delta and Pearl River Delta
are related to the high concentration of foreign invested firms and their positions in the
low end of global value chains. Many firms in the two major concentrations adopt the
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OEM strategy, which discourage firms from investing in R&D activities. Moreover,
R&D intensities in provincial capitals are relatively high in the West China, which can
be explained by advanced universities and institutions in these provinces (Ponds and
Oort 2010).

5 Agglomeration economies and firm R&D efforts

5.1 Localization economies, urbanization economies and R&D efforts

Table 1 reports regression results about the effects of localization and urbanization
economies on firm R&D efforts. Localization economies represented by firm density
at 4-digit level have positive effects on firm R&D efforts. The coefficient is 1.118
and significant at 0.01 level. This means spillovers from firms in the same subsector
outride competition among firms in China’s ETEM industries. The two proxies for
urbanization economies, concentration of firms in the other ETEM industries (location
quotient at 4-digit level) and concentration of firms in the whole ETEM industry
(location quotient at 2-digit level), also show significant and positive impacts on R&D
intensity. However, the concentration of firms in non-ETEM industries (industrial
diversity) has no significant effects. This shows that although both localization and
urbanization economies exert positive impacts on business R&D in China, influences
of urbanization economies decline with the decrease in industrial similarities.

Firm heterogeneity also affects R&D inputs. Large firms tend to be more R&D
intensive as both the “middle” and “small” variables show significant and negative
impacts on firm R&D. Larger firms have more resources available for R&D and receive
strong governmental support (He and Zhu 2007), which can add to their R&D budgets.
Sources of innovative efforts in small firms are the close cooperations within clusters
(Koo 2005), which is not the common case in China where mutual learning among
small firms and spillovers are not that significant. Neither the vitality for innovation
nor the spirit of adventure is sufficient for new Chinese firms to be actively involved
in R&D efforts in the early phases. Mature firms with routinized production methods,
professional technicians and adequate funding are likely to be more R&D intensive.

Foreign firms are less R&D intensive than domestic firms. More export-oriented
firms are less R&D intensive. The results also show that older firms are more R&D
intensive than young firms. Among the city-related variables, provincial capitals and
cities’ overall industrial R&D intensities have a positive and significant impact on firm
R&D.

5.2 Urbanization economies, value chain and R&D efforts

Further investigation of urbanization economies reveals that upstream, midstream
and downstream clusters play different roles in driving firms’ R&D efforts (Table 2).
Agglomeration economies of downstream firms are effective, shown by the significant
corresponding coefficient. Upstream and midstream firms, however, generate negative
externalities (with coefficients of −0.177 and −0.491). This is in accordance with
current literature indicating that there are strong incentives for research in downstream
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Table 1 Agglomeration economies measured at the sector level and R&D intensity in the electronics sector

Variables [1] [2] [3] [4]
R&D intensity R&D intensity R&D intensity R&D intensity

Agglomeration economies

Firm density at 4-digit level 1.118***

(0.270)

Location quotient at 4-digit level 0.842***

(0.242)

Location quotient at 2-digit level 0.807***

(0.242)

Industrial diversity 0.0826

(0.154)

Firm characteristics

Duration 0.326*** 0.345*** 0.344*** 0.350***

(0.0982) (0.0982) (0.0982) (0.0978)

Export −0.128 −0.132 −0.131 −0.108

(0.134) (0.133) (0.133) (0.133)

HK and Taiwan −2.738*** −2.935*** −2.934*** −2.829***

(0.418) (0.425) (0.425) (0.418)

Foreign −2.843*** −3.072*** −3.074*** −3.045***

(0.422) (0.423) (0.423) (0.422)

Middle size −1.718*** −1.621*** −1.623*** −1.641***

(0.454) (0.450) (0.450) (0.452)

Small size −5.415*** −5.187*** −5.190*** −5.215***

(0.618) (0.608) (0.608) (0.610)

Nature of cities

Municipality −0.560 −0.460 −0.459 −0.543

(0.463) (0.460) (0.460) (0.472)

Capital 0.629* 0.881*** 0.873** 0.671*

(0.342) (0.341) (0.341) (0.376)

Three-line frontier −0.848** −0.759* −0.770* −0.884**

(0.404) (0.399) (0.399) (0.395)

Average city research 2.759*** 2.753*** 2.756*** 2.829***

(0.298) (0.300) (0.300) (0.303)

Average human capital −0.0210 −0.0246** −0.0243** −0.0164*

(0.0168) (0.0116) (0.0115) (0.00934)

Labor pool −0.604** −0.209 −0.181 0.462***

(0.278) (0.232) (0.232) (0.137)

Industry FE Yes Yes Yes Yes

Constant 2.925*** 2.914*** 2.903*** 2.687***

(0.938) (0.867) (0.866) (0.857)
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Table 1 continued

Variables [1] [2] [3] [4]
R&D intensity R&D intensity R&D intensity R&D intensity

Sigma 8.801*** 8.794*** 8.794*** 8.792***

(0.833) (0.833) (0.832) (0.832)

Observations 11,045 11,059 11,059 11,081

Tobit regressions with robust standard errors
*** p < 0.01; ** p < 0.05; * p < 0.1

Table 2 Agglomeration economies measured at the value chain and R&D intensity in the electronics sector

Variables [1] [2] [3]
R&D intensity R&D intensity R&D intensity

Agglomeration economies

Location quotient upstream −0.177

(0.160)

Location quotient midstream −0.491**

(0.245)

Location quotient downstream 1.011***

(0.222)

Firm characteristics

Duration 0.345*** 0.341*** 0.344***

(0.0981) (0.0980) (0.0982)

Export −0.0898 −0.0913 −0.119

(0.133) (0.133) (0.133)

HK and Taiwan −2.786*** −2.741*** −2.907***

(0.423) (0.419) (0.422)

Foreign −3.007*** −2.955*** −3.028***

(0.424) (0.424) (0.421)

Middle size −1.626*** −1.676*** −1.598***

(0.452) (0.454) (0.450)

Small size −5.224*** −5.316*** −5.200***

(0.610) (0.614) (0.609)

Nature of cities

Municipality −0.506 −0.136 −0.481

(0.468) (0.473) (0.459)

Capital 0.631* 0.718** 0.831**

(0.346) (0.336) (0.339)

Three-line frontier −0.820** −0.767* −0.804**

(0.401) (0.397) (0.397)

Average city research 2.814*** 2.787*** 2.675***

(0.300) (0.299) (0.299)
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Table 2 continued

Variables [1] [2] [3]
R&D intensity R&D intensity R&D intensity

Average human capital −0.0147 −0.0139 −0.0261**

(0.00896) (0.00879) (0.0120)

Labor pool 0.516*** 0.743*** −0.352

(0.150) (0.209) (0.221)

Industry fixed effects Yes Yes Yes

Constant 2.601*** 2.570*** 2.946***

(0.844) (0.844) (0.871)

Sigma 8.799*** 8.797*** 8.794***

(0.832) (0.833) (0.833)

Observations 11,059 11,059 11,059

Tobit regressions with robust standard errors
*** p < 0.01; ** p < 0.05; * p < 0.1

segments (Liu and White 2001). There is another reason for the fact that motivation for
R&D efforts comes mainly from downstream sectors. The peculiar pattern of division
of labor for R&D efforts is inherited from the centrally planning system, in which they
had already been involved in many downstream activities (Gu and Lundvall 2006).

It is interesting to note that the agglomerations of upstream and midstream seg-
ments have negative externalities on R&D efforts even if value-added is becoming
increasingly concentrated at these sectors (Mudambi 2008). Activities at the upper
segments of the value chain are not R&D intensive, confirming the second-mover
strategy implemented by upstream and midstream firms in China. This is more closely
associated with imitation rather than creating new technology (Liu and White 2001).
This reflects the perception among firm managers that buying research from outside is
more cost effective than developing new technology in-house (White 2000). Finally,
concerned about IPR, technologically advanced firms in the upper end of value chain
do not have active interactions with other firms in the same city and have not devel-
oped the capabilities to coordinate internal R&D activities and external opportunities
afforded by the clustering of other firms.

5.3 Input/output linkages: heterogeneous effects across value chain

Table 3 shows statistical results on different sectors along the value chain. The research
hypotheses are verified because heterogeneous effects of agglomeration exist across
the value chain. Downstream firms generate significant and positive externalities not
only to downstream counterparts but also to midstream sections with similar magni-
tudes. Conversely, the agglomeration of upper end firms does not significantly influ-
ence R&D intensity in the lower end of the value chain. The upstream and midstream
sectors even generate negative externalities to their counterparts in the lower end (with
coefficients of −1.244 and −1.257).
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Downstream firms are more likely to exert knowledge outflows because they bet on
their market power and possess strong capabilities to integrate technological progress
along the value chain. However, this only happens within downstream sections while
knowledge flows from downstream to upstream and midstream firms are limited. This
is because producers are more active in absorbing knowledge inflows when they are
located in the same part of the value chain due to tight contacts within integrated busi-
ness. As firms, consumers, suppliers and partners are highly connected with each other
(Gordon and McCann 2005), frequent exchanges are conducive to the improvement
of product quality and the comprehension of market trend. Firms within the same
subsector are often the most likely to be exposed to such contacts and transfers of
ideas. Therefore, they have the potential to experience fast technological progress.

Similarly interesting, upstream firm R&D efforts are affected by the clustering of
upstream, midstream or downstream counterparts. This is consistent with the state-
ment that China’s economy still cannot embark upon technological upgrading (Gu and
Lundvall 2006). For technological upgrading, vertically related firms need to coordi-
nate their activities by exchanging information, including the quantities available and
the precise technical characteristics of the products to be exchanged (Gu and Lundvall
2006). However, upstream firms in China just focus on providing raw materials or
components. Their competitiveness does not lie in their R&D efforts. They are the
least innovative part of Chinese economies.

It is surprising that the agglomerations of upstream and midstream sectors discour-
age R&D efforts of firms in the downstream part. One possible explanation is that
firms in the upper end of the value chain follow the strategy of preemption when faced
with competition from downstream sectors. If two firms decide how much to invest in
R&D in the next period, then the innovator following a preemption strategy may over-
invest to deter the other firms from investing.8 This can well deter inter-firm diffusion
of knowledge (Stoneman and Battisti 2010). This crowd-out effect is more significant
when upstream/midstream firms concentrate within a certain area because agglomera-
tion will lead to more competition and more incentives for preemption and deterrence.

6 Robustness check for possible reverse causality and endogeneity problems

6.1 Possible reverse causality

Since one-year lag might not be enough to mitigate possible reverse causality, we
introduce multi-phase lag terms as the first robustness check. In response to this, we
measure agglomeration economies using the data in 2005 and 2004 and run the same
regressions. Significance and magnitude of coefficients on proxies for agglomeration
(firm density at 4-digit level, location quotient at 4-digit level, location quotient at
2-digit level and industrial diversity) vary little between Tables 1 and 4. Comparing
the results between Tables 2 and 5 reveals that downstream firms still generate positive
and significant spillovers with similar magnitudes.

8 This does not contradict the fact that upstream sectors are the least innovative. Upstream firms may invest
less if there are no strategies of preemption.
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However, negative effects of midstream sectors are no longer significant when the
2005 and 2004 data are explored. This is also the case in the regressions on hetero-
geneous effects of agglomeration economies and R&D intensity across value chain
(To save space, we did not show the results). This might not be contradictory to the
major result. Strategies of preemption performed by midstream segments have side
effects on their own profits so that they are not sustainable. As a result, we might not be
able to detect long-term negative externalities of preemption. Furthermore, spillovers
from downstream to midstream sectors are also not significant when agglomeration is
calculated with the data in 2004 and 2005. This difference shows that technological
upgrading in this way might be an instantaneous process and is also not sustainable.
In general, the major results are still robust with multi-phase lag terms.

6.2 Possible endogeneity problem

Agrawal et al. (2010) provide another way to deal with potential endogeneity issues
by introducing matching methods and conditional logit regressions based on cross-
sectional data. The new method takes into account important distributional differences
between R&D activities in and outside areas of agglomeration.

We use the propensity score matching method. Firms locating in cities with high
levels of agglomeration economies9 are classified as the high group (treatment group),
while others are defined as the low group (control group). This method has the follow-
ing steps. First, we choose observable characteristics on which two groups could be
matched, which may include firm size, ownership and products. Second, we run logis-
tic regressions on these multiple observable characteristics and obtain the predicted
probability. Third, we match the two groups by choosing observations with the highest
predicted probability in the treatment group for each firm in the control group. Thus,
we can pick up the “best” possible control sample with closest characteristics to the
treatment group. Finally, we run conditional logit regressions on the matched sample.
The two firms in each pair differ in the levels of agglomeration economies but are
similar in other characteristics. Thus, we can capture the net effect of agglomeration
by running regressions on the matched sample.

Following Agrawal et al. (2010), we consider the following observable character-
istics. (1) Control sample should be originated in the same city as the corresponding
treatment sample; (2) control and treatment groups should come from the same 4-digit
subsector; (3) of these, identify control firms having the same type of ownership as
the treatment counterparts; and (4) ensure that matched samples have similar size in
terms of the number of employees.

The results of matching methods are reported in Table 610, including mean val-
ues across treatment and control groups, difference of mean values, corresponding
t statistics and p values. Note that the two groups do not have substantial overlap
as the number of observations (which indicates the number of matched samples) is

9 They are defined as cities whose density or location quotient or industrial diversity is higher than the
median value.
10 We allow multiple choices. That is why observations of treatment and control groups might be different.
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not large. However, this does not generate significant bias with the propensity score
matching method because we only focus on matched samples in the conditional logit
regressions.

Comparing the treatment (high agglomeration) and control groups (low agglomer-
ation), we find significant spillover effects from urbanization economies and agglom-
eration of downstream sectors, with p values on ‘location quotient at 4-digit level’,
‘industrial diversity’ and ‘location quotient downstream’ being 0.0000, 0.0541 and
0.0000, respectively. This is in accordance with the main result. There is no signifi-
cant evidence of localization economies as the p value of ‘firm density at 4-digit level’
is 0.4842. But positive externalities from agglomeration still override free-riding prob-
lems here because R&D intensity is higher among treatment group. In addition, we find
strong evidence of positive spillovers from the midstream to the downstream segments
and from the downstream to the upstream sectors, which will, however, disappear in
more rigorous analysis later on.

We further estimate the conditional logit models for the probability of R&D efforts
to confirm the results of the matched pair analysis and to control for other confounders.
The dependent variable is a dummy on whether there is R&D expense within a firm in
year 2007. Independent variables include measurements of agglomeration economies
and control variables on firm and city characteristics. Coefficients and particularly
marginal effects of agglomeration economies are reported in Table 7. We find sig-
nificant spillovers from agglomeration of downstream firms, with the coefficient of
0.433 and the marginal effect of 0.0152. The coefficient on externalities from mid-
stream clusters is −0.473 with a marginal effect of −0.0189, which also confirms our
previous results.

7 Summary

This study contributes to the literature by examining the relationship between agglom-
eration economies and firm R&D intensity using data of electronic and telecommuni-
cation industry in China.

Both localization and urbanization economies have significant impacts on firm R&D
efforts. Such findings are contrary to what was revealed in a handful of other studies
(Lee 2009; Suarez and Walrod 1997). In addition, downstream sectors are the major
driving force of business R&D in ETEM industry. Spillovers exist along the value
chain. Downstream firms are more likely to generate spillover effects than upstream
ones, but the spillover is more significant within downstream segments. Upstream and
midstream agglomeration may even have negative externalities due to preemption.

The different findings between this study and existing literature (Lee 2009; Suarez
and Walrod 1997) call for more research along this line. In this study, we further explore
the impacts of agglomeration economies from the concentration of firms that are in
different segments of the value chain. Agglomeration economies are not symmetric,
and such asymmetric relationships are related to the transitional nature of China’s
economy, namely its weak IPR protection regime and its position in the low-value-
added part of the global value chain.
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This study has theoretical implications. We suggest that leading theories about
localization and urbanization economies require further revision when applied to tran-
sitional economies. In this paper, we deal with agglomeration economies under imper-
fect competition and our focus on firm characteristics can inspire further investigation
of firm heterogeneity in the field of economic geography.
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Appendix

See Table 8.

Table 8 Summary of dependent and independent variables

Variables Features Expected sign Mean SD

Dependent (year 2007)

R&D intensity Continuous; many
0 values

0.0096 0.0417573

Independent: agglomeration economies (year 2006)

Firm density at 4 digit
level

Continuous Uncertain 0.0021 0.0029

Location quotient at
4 digit level

Continuous + 2.0729 1.9009

Location quotient at
2 digit level

Continuous + 2.0741 1.8830

Industrial diversity Continuous + 0.3426 0.1649

Location quotient
upstream

Continuous Depends on different
types

2.0745 1.8461

Location quotient
midstream

Continuous Depends on different
types

1.8071 1.7059

Location quotient
downstream

Continuous Depends on different
types

2.1185 2.2023

Average city research Continuous + 0.0095 0.0120

Average human capital Continuous + 28.6844 14.8505

Labor pool Continuous + 321,069.1 403,077.9

Independent: firm characteristics (year 2007)

Duration Continuous + 7.5648 6.8310

Export Continuous − 0.3249 0.4198

HK and Taiwan − 0.2153 0.4110

Foreign − 0.2617 0.4396

Middle Dummy − 0.2198 0.4141

Small Dummy − 0.7454 0.4357
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700 P. Zhang et al.

Table 8 continued

Variables Features Expected sign Mean SD

Independent: nature of cities (year 2007)

Municipality Dummy + 0.1474 0.3545

Capital Dummy + 0.1416 0.3486

Three-line frontier Dummy + 0.0867 0.2815

Data source: Annual Survey of Industrial Firms (ASIF)
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