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Abstract

Technological spillovers from foreign direct investment (FDI) have
been regarded as a major source of technical progress and pro-
ductivity growth. This paper explores the role of international and
intranational technological spillovers from FDI in technical change,
efficiency improvement, and total factor productivity growth in
Chinese manufacturing firms using a recent Chinese manufactur-
ing firm-level panel data set over the 2001-05 period. Interna-
tional industry-specific research and development (R&D) stock is
linked to the Chinese firm-level data, international R&D spillovers
from FDI and intranational technological spillovers of R&D activi-
ties by foreign invested firms in China are examined as well. Policy
implications are discussed.

I. Introduction

Three decades of the Chinese economy’s fast economic
growth has attracted substantial research interest. This im-
pressive growth performance is not only due to factor ac-
cumulation, but to productivity growth as well. As the
largest foreign direct investment (FDI) recipient in the de-
veloping world, how much has China benefited from the
huge inflows of FDI? Technology transfer through FDI has
been regarded as a major engine of technological upgrad-
ing in developing countries for a long period. What are the
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roles of international and intranational research and development (R&D) spillovers
in the technical progress and productivity growth in China? Can developing coun-
tries rely on foreign technology to catch up with the industrialized countries?

Empirical evidence on the impact of FDI on the productivity growth of indigenous
firms is mixed (Blomstrom and Kokko 1998; Aitken and Harrison 1999; Gérg and
Greenaway 2001; Javorcik 2004). It is found that intranational knowledge spillovers
are a more important source of technological progress than the international spill-
overs for the United States and Japan (Branstetter 2001). In the context of China, Hu
and Jefferson (2002) find significant productivity depression rather than positive
spillover effects of FDI on domestic firms. Using cross-section data for 1995, Buckley,
Clegg, and Wang (2002) find that non-Chinese multinational enterprises (MNEs)
generate technological and international market access spillover benefits for Chinese
firms, whereas overseas Chinese investors confer only market access benefits. Spa-
tially, Chen, Li, and Shapiro (2008) find that in locations with a strong clustering of
innovative foreign firms, local firms benefit from knowledge spillovers, but not in
locations where foreign concentration is measured by employment or capital. These
studies provide useful insights. However, foreign knowledge and the spillovers
from FDI are often tested using an output/employment/asset share of foreign in-
vested firms or productivity or R&D activities of foreign firms in the same industry
or region. Although there are some studies that have tested the spillovers of interna-
tional knowledge stock through international trade and FDI at the country and in-
dustry levels directly (e.g., Coe and Helpman 1995), no study at firm level has tested
the international knowledge on spillovers directly.

This paper explores the role of inter- and intranational technological spillovers from
FDI in technical change, efficiency improvement, and total factor productivity (TFP)
growth in Chinese manufacturing firms using a recent Chinese manufacturing firm-
level panel data set of 56,125 firms over the 2001-05 period. International industry-
specific R&D stock is linked to the Chinese firm-level data by corresponding indus-
try and adjusted by industry- and firm-level degrees of openness. Therefore, we
employ two sources of R&D spillovers from FDI: R&D spillovers from innovation
activities by foreign invested firms in the same industry and international R&D
spillovers through FDI. We use the non-parametric frontier technique to decompose
the TFP growth of firms into technical change and efficiency improvement. Unlike
most of the existing studies that estimate TFP using a single unchanging production
function across industries, this study allows for the differences in production tech-
nology across industries, and TFP is estimated for each industry separately.

This paper is organized as follows: Section 2 discusses the theoretical framework on
international and intranational R&D spillovers. Section 3 discusses the data, model,
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and methodology. Section 4 presents empirical evidence. Section 5 provides conclu-
sions.

2. Theoretical framework and innovation in China

The literature presents two alternative perspectives for the choice of technology de-
velopment paths for developing countries. One perspective proposes that FDI tech-
nology transferred from developed countries has positive effects on developing
countries (Eden, Lecitas, and Martinez 1997; Kokko, Tansini, and Zejan 1997), and
therefore, the technology spillover effects of FDI may be more important than the ef-
fects of domestic investments (Borensztein, Gregorio, and Lee 1995). The degree of
technology diffusion from FDI grows with the increase in technology distance be-
tween the hosts and the foreign countries (Findlay 1978). The greater the technology
distance, the more difficult it becomes for developing countries to boost independ-

ent innovation.

Another outlook is that the introduction of FDI will make the competing domestic
firms worse off (Aitken and Harrison 1999), and will reduce the R&D efforts of local
firms (OECD 2002). Furthermore, the benefits of FDI technology spillovers are lim-
ited because most techniques transferred from foreign investment firms are usually
mature techniques, not core techniques; and as the working conditions and rewards
of overseas-funded firms are better than that of native firms, knowledge diffusion
caused by turnover of native talented personnel is usually one-way from the native
firms to overseas-funded firms. Moreover, technologies created in the industrialized
countries are argued to be biased to the factor endowment of the country where the
technology is developed, and therefore are capital and skilled-labor augmenting
(Basu and Weil 1998; Acemoglu 2002). The advanced foreign technology, therefore,
may not be appropriate for developing countries given their different factor, eco-
nomic, and social conditions (Atkinson and Stiglitz 1969; Stewart 1983). Finally, con-
sidering that technology progress has the characteristic of path dependence, a coun-
try that is dependent on the technology spillover of FDI for a long period will later
limit its independent innovation. Therefore, strengthening R&D and enhancing the
independent creative abilities should be the main path for developing countries’
technological advancement. Taking into account the pros and cons of the foreign
and indigenous innovation, Lall (2003) argues that neither autonomous innovations
nor FDI-reliant strategies can be used independently.

Theoretically, FDI contributes to technological upgrading in the host economy in
several ways. First, advanced technology embedded in imported machinery and
equipment can lift the level production technology of the host economy. Second,
R&D and other forms of innovation generated by foreign firms and R&D labs of
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MNEs increase the innovation outputs in the country directly (Athreye and Cant-
well 2007). Third, FDI may contribute to the local innovation system by bringing in
advanced management practices and thus improving the innovation efficiency of
the local innovation system (Fu 2008a). Finally, technological spillovers from foreign
innovation activities may influence technical change and the catch-up of indigenous
firms. Knowledge spillovers from foreign to local firms may take place through
knowledge transfer within the supply chain, skilled labor turnovers, demonstration
effects when local firms are learning by imitation, and competition effects when the
competitive pressure caused by foreign presence forces the local firms to improve
their production technology and management.

However, foreign R&D activities could also generate negative externalities to the
domestic innovation activities. These negative effects could occur if foreign firms
exploit their superior technology and marketing power to force local competitors to
reduce their outputs or if they attract the most talented researchers and compete in
the markets of innovation products that threaten local firms, or SMEs in particular
(Aitken and Harrison 1999; Fu 2004, 2007; Aghion et al. 2005; UNCTAD 2005). More-
over, there are several reasons that local firms might not be able to enjoy the FDI
spillover effects efficiently. First, knowledge transfer via supply chain requires effec-
tive linkages between foreign firms and local suppliers and customers (Balasubram-
anyam, Salisu, and Sapsford 1996; Fu 2004). Second, significant spillovers from FDI
on local firms are also subject to sufficient absorptive capacity of the local firms and
organizations (Cohen and Levinthal 1989; Girma 2005; Fu 2008a). Third, the appro-
priateness of the technology embedded in FDI affects the sign and significance of
the productivity effects of FDI spillovers. Technologies created in industrialized
countries are argued to be biased to the factor endowment of the country where the
technology is developed (Basu and Weil 1998; Acemoglu 2002). Finally, different
types of FDI have markedly different productivity spillover effects (Driffield and
Love 2003).

Since it launched the economic reforms and invited foreign capital participation in
its economy in 1979, China has received a large volume of international direct in-
vestment flows and stands as the second largest FDI recipient in the world. In 2004,
FDI inflows into China reached a historical peak of US$ 60.63 billion (Figure 1). The
sources of inward FDI in China have also evolved over time. While investment from
overseas Chinese firms in Hong Kong, Macao, and Taiwan were the major sources
of inward FDI in the 1980s, the 1990s saw increasing inward FDI from the major in-
dustrialized countries and other OECD countries.

Innovation efforts in China have grown rapidly during the past two decades.
The total R&D expenditure in China has grown from 7.4 billion Yuan in 1987 to
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Figure 1. Trade and FDI in China, 1985-2004

14000 700
12000 600
10000 + + 500
§ 8000 1400 .
6000 + + 300
4000 -+ 1+ 200
2000 100
0 . : —— —ttt 0

R S N R R N SR R SN S N M
®Q§°®% F LSS S '9%"‘@@ S S mo@ PRI q/Q()b‘

‘ —s— Exports&Imports —e— FDI ‘

300.3 billion Yuan in 2006, with an average annual growth rate of 15 percent (Figure
2). Since the late 1990s, with the increasing globalization in innovation, R&D activi-
ties of foreign firms in China have been increasing, at a faster pace than that of the
domestic firms. The average annual growth of R&D expenditure over the 1998-2004
period was 38 and 33 percent in foreign invested enterprises and Ethnic Chinese in-
vested firms,! respectively. This is much higher than that of indigenous firms at 25
percent over the same time period.

Given the fact that foreign investors in China are mostly market- or resource- or
cheap labor-seeking processing types, R&D spillovers from foreign invested firms
are likely to be limited. Moreover, motivations, technology levels, endowments, and
access to advanced technological and managerial knowledge all are different be-
tween foreign and ethnic investments. The productivity effects of foreign and ethnic
investments are likely to be different.

3. Data and methodology
3.1 Data

The empirical work is based on the Chinese manufacturing firm-level data set and
the international industry-specific R&D stock data set. The Chinese firm-level data

1 Ethnic Chinese-invested firms refer to firms that have more than a 25-percent share of capital
invested by Hong Kong, Macao, and Taiwan investors.
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Figure 2. R&D expenditure, 1987-2006 (billion yuan)
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set is from the Annual Report of Industrial Enterprise Statistics compiled by the
State Statistical Bureau of China, covering all state-owned firms and other types of
firms with an annual turnover of over 5 million Renminbi (about US$ 0.6 million).
The data set includes all the variables we are interested in, such as firm ownership
structure, industry affiliation, establishment year, employment, gross output, ex-
ports, R&D, and employee training expenditures.? The data cover the period 2001 to
2005. They are broadly classified under five ownership categories: (i) state-owned,
(ii) collectively owned, (iii) privately owned, (iv) foreign-owned, and (v) others. For-
eign-owned firms are further divided into firms with investments from Hong Kong,
Taiwan, and Macao investors (so-called ethnic firms) and from other foreign sources
(foreign invested enterprises; FIEs). “Other” firms are mainly shareholding enter-
prises.

As we are interested in the technology spillover effects from foreign firms on do-
mestic firms, the econometric work is confined to domestic-owned enterprises. We,
however, use the full sample to construct myriad variables of interest, such as the
share of foreign firms in an industry-region or the Herfindahl index of market con-
centration. The final data set consists of 269,905 observations from 53,981 firms. We
include only those firms with the full set of observations during the sample period

2 Nominal values are deflated using industry-specific ex-factory price indices obtained from
the China Statistical Yearbook 2006.
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as estimation of TFP growth and its components using DEA analysis, which requires
balanced data sets. Table 1 reports the ownership structure of firms for each indus-
try. Of the total 29 SIC two-digit manufacturing industries under study, 7 of them
are dominated by FIEs that produce more than 50 percent of the total outputs. In
cultural, educational and sports goods, electronic and telecommunications, and in-
struments and meters, foreign firms produce even 70 to 80 percent of the country’s
total output. This is phenomenal given the size of the Chinese industry. In these
three categories and the apparel industries, more than 20 percent of the firms are in-
vested through foreign capital mainly from OECD countries. Table 2 sees a steady
modest growth in the portion of firms that invest in R&D across all industries over
the sample period. The medical and pharmaceutical, tobacco, and electronic and
telecommunications industries top the chart with 50, 45, and 33 percent innovative
firms, respectively.

International industry-specific R&D stock is linked explicitly to the Chinese firm-
level data. The estimates of international R&D capital stocks are based on R&D ex-
penditure data from the OECD’s Main Science and Technology Indicators. Real R&D
expenditures are nominal expenditures deflated by an R&D price index (PR). Fol-
lowing Coe and Helpman (1995), research and development capital stocks (S),
which are defined here as beginning of period stocks, were calculated from R&D ex-
penditure (R) based on the perpetual inventory model as

Si=(1-8)S1+R,.

Here & is the depreciation or obsolescence rate, which was assumed to be 5, 10 and
15 percent, alternatively. The benchmark for S was calculated following the proce-
dure suggested by Griliches (1979), as Sy = R,/ (g + 8), where g is the average an-
nual logarithmic growth of R&D expenditures over the period for which published
R&D data were available, Ry is the first year for which the data were available, and
Sy is the benchmark for the beginning of the year. The domestic R&D capital stocks
were converted into euros at 2000 constant price. The R&D stocks of the 22 OECD
countries are then summed to proxy the world R&D stock.

3.2 Methodology
For the empirical test, we first estimate TFP growth using the Malmquist index, and
decompose it into technical progress and efficiency change. Secondly, we use econo-

3 PR is defined as PR = 0.5P + 0.5W, where P is the implicit deflator for business sector output
and W is index of average business sector wages (the same source as for Y). This definition of
PR implies that half of R&D expenditures are labor costs, which is broadly consistent with
available data on the composition of R&D expenditures.
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Table 2. Proportion of firms investing in R&D

SIC 2-digit industry 2001 2002 2003 2004 2005

13-Food processing 0.1022 0.1080 0.1169 0.0786 0.0786
14-Food production 0.1711 0.1940 0.1743 0.1680 0.1680
15-Beverage industry 0.1692 0.1897 0.1888 0.1645 0.1645
16-Tobacco processing 0.4271 0.4583 0.5000 0.4479 0.4479
17-Textile industry 0.0857 0.0909 0.0962 0.0769 0.0769
18-Garments and other fiber products 0.0494 0.0589 0.0631 0.0536 0.0536
19-Leather, furs, down, and related products 0.1049 0.1258 0.1096 0.0841 0.0841
20-Timber processing 0.0756 0.0913 0.1041 0.0628 0.0628
21-Furniture manufacturing 0.0930 0.1027 0.0969 0.1008 0.1008
22-Papermaking and paper products 0.0748 0.0834 0.0753 0.0601 0.0601
23-Printing and record medium reproduction 0.0654 0.0592 0.0724 0.0675 0.0675
24-Cultural, educational and sports goods 0.1143 0.1212 0.1322 0.1006 0.1006
25-Petroleum refining and coking 0.1818 0.2102 0.2216 0.1875 0.1875
26-Raw chemical materials and chemical products 0.2126 0.2285 0.2294 0.1848 0.1848
27-Medical and pharmaceutical products 0.4451 0.4819 0.5092 0.5016 0.5016
28-Chemical fiber 0.2189 0.2090 0.2239 0.1791 0.1791
29-Rubber products 0.1921 0.1952 0.2127 0.1746 0.1746
30-Plastic products 0.0991 0.1071 0.1100 0.0832 0.0832
31-Nonmetal mineral products 0.1131 0.1304 0.1215 0.0822 0.0822
32-Smelting and pressing of ferrous metals 0.1388 0.1490 0.1521 0.0976 0.0976
33-Smelting and pressing of nonferrous metals 0.1683 0.1707 0.1851 0.1599 0.1599
34-Metal products 0.1092 0.1221 0.1178 0.0892 0.0892
35-Ordinary machinery 0.2168 0.2365 0.2514 0.1950 0.1950
36-Special purposes equipment 0.3237 0.3323 0.3253 0.2856 0.2856
37-Transport equipment 0.2738 0.2855 0.3035 0.2646 0.2646
39-Electric equipment and machinery 0.2476 0.2604 0.2671 0.2218 0.2218
40-Electronic and telecommunications 0.3114 0.3293 0.3332 0.3266 0.3266
41-Instruments and meters 0.3159 0.3368 0.3851 0.3133 0.3133
42-Artifact and other manufacturing 0.0926 0.1157 0.1278 0.0775 0.0775

metric techniques to estimate the impact of technological spillovers of FDI on TFP
growth, technical change, and efficiency improvement. TFP is estimated for each in-
dustry separately, allowing for different technology and production functions.

Due to the limitations of the traditional parametric approach, this paper estimates
TFP growth by using a non-parametric programming method developed by Fare

et al. (1994). Following Fare et al.’s approach, a production frontier is constructed
based on all the existing observations. The distance of each of the observations from
the frontier is estimated by using non-parametric programming methods. Technical
efficiency is defined as the distance of each observation relative to the frontier. TFP
growth is defined as a geometric mean of two Malmquist productivity indexes,
which is to be estimated as the ratios of distance functions of observations from

the frontier. This approach has the advantage in that it allows for the decomposition
of productivity growth into two mutually exclusive and exhaustive components:

(1) efficiency change in movements toward (or away from) the frontier, which is a
measurement of catching-up; and (2) technical change measured by shifts in techno-
logical frontier (Fare et al. 1994). This decomposition of TFP growth enables us to in-
vestigate the impact of foreign and indigenous innovation efforts on technical prog-
ress and technological catch-up.
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Assuming a production technology that produces a vector of outputs, y' € R™, by
using a vector of inputs, x € RY, for each time period t = 1, .. ., T, the output-based
Malmquist productivity change index is defined as the geometric mean of two
Malmgquist productivity indices as follows:

t t+1 t+1 t+1 t+1 t+1 %
Mo(e*1, 41, 2t ) = |:[Dg(x ;Y )][Do (x",y )J:| ) 1)

Do(x', y") Dy (x', y")

A value greater than 1 indicates positive TFP growth in period t+1. When perfor-
mance deteriorates over time, the Malmquist index will be less than 1. Rewriting
equation (1), we have

t+1 t+1 t+1 t t+1 t+1 t t t %
My(xt*1, yi*1, xf, ) = Dy (x",y )><|:[ Dy(x" ", y™) J( Dy(x, y ))]:| , (2

D[ll(xl,yt) D6+1(xl+1,yt+l) D(t;l(x’,}/t
where
t+1 t+1 t+1
efficiency change (EFFCH) = 20 O /¥ ") 3)
Dy(x',y")
and
1
tyot+1 t+1 [ t 2
technical change (TECHCH) —[ Dfﬁx H;]/ t+3 thgx ’ty 2 ] . )
Dy (x" L,y ) NDy (x', YY)

TFP change is thus decomposed into two components: efficiency change and techni-
cal change. Efficiency change measures whether production is getting closer to or
farther away from the frontier, reflecting the changes in x-efficiency. Technical
change captures the shift in technology between the two periods. A value greater
than one indicates catch-up with the frontier or technical progress. A value less than
1 indicates deterioration in performance. Scale efficiency is defined as the ratio of
technical efficiency calculated under the assumption of constant returns to scale
(CRS) to technical efficiency calculated under the assumption of variable returns to
scale (VRS) (Fare et al. 1994). It measures how close a firm is to the most productive
scale size. In this paper, output is measured by total output of firm, inputs are capi-
tal measured by net fixed assets, labor measured by number of employees, and in-
termediate inputs measured by variable costs. We use the output-oriented model
under VRS for estimation.

Following the decomposition of productivity growth, the next step is to estimate the
determinants of TFP growth, technical change, and efficiency improvement and to
investigate the impact of indigenous innovation efforts and foreign R&D spillover
effects on productivity growth and its components. R&D variables and FDI vari-
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ables are two sets of variables that are of interest. In our specification, there are three
types of innovation efforts: firm level, industry level, and international level. We
construct the variables as follows: (1) at the firm level, R&D intensity is used as the
direct effect of innovation on a firm’s growth performance; (2) at the industry level,
innovation effect in each of the 171 three-digit industries and 31 provinces are con-
structed as the proportion of R&D expenditure accounted for by different owner-
ship types in the same industry and region; (3) the interaction terms of international
industry specific R&D stock and FDI share at both the firm and industry level are
adopted to measure the international innovation effect through FDI spillover effects.
FDI is represented by two variables—the share of foreign and ethnic capital at the
firm level. Therefore, the empirical analysis of the indigenous and foreign technol-
ogy spillovers on the technology upgrading of indigenous firms are based on the
model as follows,

_ f s w s w f
Ap, = o+ @ry + xri + Nr'* fi + N fif + 0X,, 43D, + g, @)

where the dependent variable p represents TFP growth, technical change, and
efficiency improvement, respectively. / is firm R&D intensity, 7* is a vector of
industry-level R&D spillovers variables measured by industry average R&D inten-
sity by different ownership types, r is world R&D stock constructed from OECD
STAN database as discussed earlier, and ffand f* are FDI intensity at the firm level
and industry level, respectively. FDI intensity is further divided into foreign and
ethnic capital intensity and enters the regression at the same time. X is a vector of
control variables; D is the full set of time, sector, and year dummies, and € is a ran-
dom error term.

The choice of control variables is guided by the existing empirical literature on the
determinants of TFP growth (e.g., Bernard and Jensen 1999; Aw, Chung, and Roberts
2000; Fu 2005, 2008b). It includes the initial level of technology efficiency, age, firm
size, export, intangible assets, labor training, and market concentration that are hy-
pothesized to affect the dependent variable. Smaller firms and firms with exports
and more labor training are more likely to have faster TFP growth, technical change,
as well as efficiency improvement. Firms standing at the frontier are less likely to
grow as fast as other firms. There is no conclusive relationship between firm age, in-
tangible assets,* and market concentration.

4 According to Accounting System for Business Enterprises, costs to develop intangible assets are
regarded as R&D costs of self-created products that are registered for a legal right to the as-
set, such as a patent (Pacter and Yuen 2001).
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Huang (2003) argues forcefully that a sizable portion of FDI (especially joint venture
and acquisition FDI) in China has grown in response to the insolvency problems fac-
ing state-owned enterprises (SOEs). This suggests that industry-regional specific
FDI might be endogenous in the sense that foreign-invested enterprises might be
attracted to sectors or regions in which the performance of SOEs is weakest. The
use of industry and region dummies in the regressions is designed to mitigate this
potential endogeneity problem. However, in order to guard against further endo-
geneity problems unaccounted for by these (time-invariant) dummies, and to en-
sure the robustness of our results, we implement the FDI variables with their lagged
values, the growth of total industry sales and changes in the output share of SOEs,
and the proportion of loss-making SOEs, calculated at the industry and region®
level.

There are good reasons to suspect that R&D, labor training, and foreign capital par-
ticipation are potentially endogenous, even after controlling for fixed effects. For ex-
ample, firms with relatively many R&D activities are more likely to have higher TFP
growth and faster technical change than others. However, it is possible that firms
with a higher growth rate will invest more in R&D activities to keep their technol-
ogy advantages. Another example is the foreign share of a firm. Firms with a higher
foreign share could have better access to foreign technology and therefore have
higher growth rates. However, there also might be a “cherry-picking” effect (Huang
2003) where foreign firms choose the faster-growing firms to invest in. Similar argu-
ments can also be made in the case of export and ethnic capital participation.

We employ the fixed effects generalized method of a moments regression technique
(see, inter alia, Hansen 1982 and Arellano and Bond 1991) to deal with the endo-
geneity problem. Lagged values of the potentially endogenous variables are used

as instruments. In addition, the shares of foreign and ethnic firms in the industry
and region are used as extra instruments. We assume that a sector might be more
efficient than others if there are more foreign firms or ethnic firms participating

in it, given the low level of competition from state-owned firms. We formally

test whether the assumption of endogeneity is borne out by the data at hand and
whether our instruments are relevant in that they exhibit sufficiently strong correla-
tion with the potential endogenous variables. We also carefully test for the appropri-
ateness of the instrumental variable candidates using Hansen's J test for over identi-
fying restrictions and the validity of the instruments with Sargan test. Reassuringly,
we find that our instruments are appropriate on all counts.

5 These instruments, along with the FDI indices, are constructed for the 171 industries in each
of the 31 provinces. Therefore, there is plenty of variability in them.
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4. Results

Estimated TFP growth and its decomposed components for each industry are re-
ported in Table 3. From all industries, the Chinese firms have experienced consider-
able TFP growth over the 2001-05 period at an average annual rate of 4.5 percent.
The growth is mainly due to technical change at an average annual growth rate of
4.3 percent rather than efficiency change. The average annual growth rate of effici-
ency improvement was only 0.7 percent over the sample period, which suggests
limited catch-up process of the followers to the innovation leaders in the Chinese

manufacturing sector.

The growth is widely spread across different sectors. The industries in which foreign
firms have obvious dominance include electronic and telecommunications, instru-
ments and meters, culture, educational and sports goods, as well as the garment and
leather products industries where ethnic firms have a clear lead. Indigenous firms
have a dominant presence in the food-processing, beverage, tobacco, timber process,
paper-making, printing, petrol refining, chemical fiber, smelting and processing of
ferrous and nonferrous metals, metal products, and transport equipment industries,
although the lead may be contributed to by different indigenous sectors in different
industries.

Following Table 3, it is interesting to see that industries in which foreign firms pro-
duce more than 50 percent of the total outputs have a higher efficiency change rate
but a lower technical change rate, as well as lower TFP growth rate than those in-
dustries dominated by indigenous firms. For example, among those industries dom-
inated by FIE, the garment and other fiber products industry enjoy the highest effici-
ency rate (14.4 percent) and the lowest technical change rate (10 percent). It might
suggest that foreign firms are more likely to keep their technical advantage in their
home countries, and are more reluctant to improve their technical efficiency than
their Chinese competitors are. Meanwhile, they focus on adapting their technology
to the local technological frontier.

4.1 Determinants of productivity growth

Table 4 reports both the OLS and the General Method of Moments (GMM) estimates
of effects of technological spillovers from foreign innovation efforts on the TFP of in-
digenous firms. Results from the Wu-Hausman specification test suggest significant
endogeneity between R&D, exports, and FDI on one hand and the dependent vari-
able on the other. The GMM estimation results is therefore preferred to the OLS esti-
mates. For a robustness check, estimated results of the basic model and models with
industrial and international R&D spillovers at three alternative depreciation rates
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Table 3. Technical change, efficiency improvement, and productivity change, 2001-05

Malmquist Technical Efficiency Scale

index change change change
SIC 2-digit industry (tfpch) (techch) (effch) (sech)
13-Food processing 1.0542 0.9698 1.0879 1.0347
14-Food production 1.0321 0.9787 1.0604 1.0156
15-Beverage industry 1.0510 1.0828 0.9723 0.9864
16-Tobacco processing 1.0507 1.0432 1.0074 0.9963
17-Textile industry 1.0438 1.1728 0.8916 0.9476
18-Garments and other fiber products 1.0370 0.9074 1.1440 1.0040
19-Leather, furs, down, and related products 1.0379 1.1274 0.9273 0.9378
20-Timber processing 1.0427 1.0584 0.9885 0.9951
21-Furniture manufacturing 1.0275 0.9247 1.1135 1.0160
22-Papermaking and paper products 1.0535 1.0664 0.9899 0.9902
23-Printing and record medium reproduction 1.0213 1.0440 0.9793 0.9831
24-Cultural, educational and sports goods 1.0277 0.9890 1.0393 1.0206
25-Petroleum refining and coking 1.0461 1.1272 0.9302 0.9824
26-Raw chemical materials and chemical products 1.0486 1.1372 0.9272 0.9825
27-Medical and pharmaceutical products 1.0339 1.0634 0.9735 0.9871
28-Chemical fiber 1.0450 1.0510 0.9934 1.0011
29-Rubber products 1.0514 1.0094 1.0411 1.0773
30-Plastic products 1.0380 0.9891 1.0529 0.9848
31-Nonmetal mineral products 1.0698 1.0005 1.0693 1.0368
32-Smelting and pressing of ferrous metals 1.0566 1.0646 0.9992 1.0177
33-Smelting and pressing of nonferrous metals 1.0358 0.9690 1.0807 1.0838
34-Metal products 1.0420 0.9536 1.0958 1.0043
35-Ordinary machinery 1.0732 1.0207 1.0519 1.0189
36-Special purposes equipment 1.0555 1.1878 0.8895 0.9838
37-Transport equipment 1.0578 1.2346 0.8622 0.9215
39-Electric equipment and machinery 1.0541 1.0149 1.0438 1.0343
40-Electronic and telecommunications 1.0460 1.1088 0.9446 0.9737
41-Instruments and meters 1.0262 0.9497 1.0849 0.9947
42-Artifact and other manufacturing 1.0257 0.9667 1.0661 1.0374
Total 1.0450 1.0432 1.0074 0.9963

Note: Industries dominated by foreign invested firms (FIEs) who produce more than 50% of the total outputs are highlighted by
shading.

were applied. The estimated coefficients from different model specifications are con-
sistent suggesting the robustness of the estimated results. We have only reported the
results with a 10 percent R&D depreciation rate due to space limitation.®

In terms of the coefficients of the control variables, we find that they all turn out as
expected. Firms with better initial technical efficiency tend to grow more slowly.
Smaller firms appear to be more productive. Firms with high export-intensity, high
FDl-intensity, more training, and greater intangible assets have higher TFP growth
than those who lack these characteristics. These estimated results are robust and sta-
tistically significant across industry sectors and different model specifications. Firm
age does not appear to be a significant factor. Interestingly, industry concentration
and low levels of competition seem to increase firm productivity although the esti-
mated coefficient loses its statistical significance when international R&D spillovers
are controlled.

6 Results of all the estimations are available from the authors.
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The variables of most interest to us are, as we mentioned previously, the sets of R&D
and FDI variables. Indigenous R&D efforts have a significant positive impact on
firm-level TFP growth. The estimated coefficients bear the expected positive sign,
and are statistically significant across different model specifications. R&D spillovers
from domestic firms in the same industry exert a significant positive effect on the
TFP growth of indigenous firms. However, it is interesting to see that innovation ef-
forts from the FIEs in the same industry show a negative and significant impact on
Chinese manufacturing firms, and there is no significant impact from ethnic firms at
the same industry. This is likely because of either the competition effects of foreign
R&D on the indigenous firms, or because the technologies developed by these sec-
tors are not appropriate for the current technology frontier.

As we expected, both foreign and ethnic capital participations foster Chinese do-
mestic firms” productivity growth. Foreign capital has a bigger influence on firm’s
growth than ethnic capital and both magnitudes of the coefficients have been
doubted when international R&D spillover effects are controlled. For example, the
estimate result based on the industrial level indicates that a 10 percent increase in
the share of foreign capital leads to a 2.5 percentage point increase in the rate of pro-
ductivity growth, whereas a 10 percent increase in the share of ethnic capital only
leads to 1.7 percentage point growth. However, both growth rates increase to 5.6
and 4.9 percentage points, respectively at the specification with international R&D
spillovers. It might suggest that domestic firms with foreign capitals have better
channels to foreign advanced technical and management knowledge compared to
their competitors with only ethnic capital participations.

The estimated coefficients on international R&D spillover variables are statistically
negatively significant for firms with foreign and ethnic capitals at the firm level, but
insignificant for firms with ethnic capitals at the industry level. It is likely to be ex-
plained by their inappropriate nature in the developing country context and the
strong intellectual property rights protection in the high-technology industries. In
addition, we should bear in mind that the international R&D spillover data are from
the OECD countries, which might have a limited knowledge transfer through the
ethnic channel.

4.2 Determinants of technical change and scale efficiency improvement

Table 5 reports the estimated result on the impact of indigenous innovation efforts
and foreign R&D spillovers on technical change and efficiency improvements of the
indigenous firms. We find no systematic relationship between the age of the firm
and both technical change and efficiency improvement. Bigger firms appear to have
experienced faster rates of technical change across all specifications. However, the
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Table 5. Determinants of the technical change and efficiency improvement

TECH EFFCH
Intranational International Intranational International
Coefficient spillovers spillovers spillovers spillovers
Initial technical efficiency ~0.183" ~0.189" —0.493" —0.482+%*
(0.0076) (0.0077) (0.011) (0.011)
Age 0.0029 0.0019 0.0029 0.0048*
(0.002) (0.002) (0.0027) (0.0027)
Employment 0.0161 0.0154* 0.0009 0.0020
(0.0014) (0.0015) (0.0019) (0.0019)
Market competition —0.0951 —0.199*** 0.0472 0.153
(0.064) (0.068) (0.094) (0.097)
Intangible asset —0.0039*** —0.0046*** —0.0007 0.0002
(0.001) (0.001) (0.0013) (0.0014)
Training expenditure —0.0414 —0.0447 0.0532+ 0.0559
(0.008) (0.0081) (0.012) (0.012)
Export intensity ~0.0001 ~0.0001 0.0011* 0.0009*
(0.0004) (0.0004) (0.0006) (0.0006)
R&D intensity -0.223 -0.239 1.395%** 1.445%*
(0.17) 0.17) (0.33) (0.34)
Foreign share —0.0957 —0.369* 0.139 0.46
(0.075) 02) (0.11) (0.29)
Ethnic share ~0.124* ~0.2760 0.0086 0.0887
0.071) 02 (0.091) (0.26)
Domestic R&D share 0.0064*** 0.0029** —0.00551** —0.0017
(0.0013) (0.0014) (0.0016) (0.0018)
Ethnic R&D share —0.0005 0.0031*** 0.0000 —0.0038***
(0.0007) (0.0008) (0.0009) (0.001)
Foreign R&D share ~0.0085** ~0.0083** 0.0031%+ 0.0027+
(0.0008) (0.0009) (0.0011) (0.0011)
International R&D_foreign_firm 0.0125* —0.016
(0.007) (0.0098)
International R&D_ethnic_firm 0.0112 —0.0051
(0.0088) (0.011)
International R&D_foreign_industry 0.0064*** —0.0031
(0.0022) (0.003)
International R&D_ethnic_industry —0.0193*** 0.0182%**
(0.0021) (0.0027)
Constant 0.958*** 1.096*** 1.545%* 1.375%**
(0.013) (0.025) (0.018) (0.035)
Observations 158,272 155,885 158,272 155,885
R? 0.69 0.69 0.41 0.41
Exogenous test 0 0 0 0
Hansen ] test 0.9587 0.3326 0.4248 0.4048

Note: Robust standard errors in parentheses. All specifications include the full set of time and two-digit industry dummies.

*Statistically significant at the 10 percent level. **Statistically significant at the 5 percent level. ***Statistically significant at the

1 percent level.

effect of size is not statistically significant to efficiency improvement. Exports con-

tribute to efficiency change and catch-up, but not the shift of the technology frontier.

This result is consistent with the findings in Fu (2005), which uses Chinese industry-

level panel data and suggests that the focus on low-cost competitiveness based on

cheap unskilled labor and the dominance of process trading in the export structure

provide no effective incentive for firms to innovate.
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The estimated coefficients on the intangible assets variable are negative and statisti-
cally significant in the technical change equation. This is likely because intangible
assets include, according to Chinese accounting practices, R&D investment in the
development stage but not the research stage. For firms in technology-intensive in-
dustries, novel research activities may play a more important role in keeping them
on the frontier and promoting TFP growth. The second reason may be that intangi-
ble assets are correlated with the fixed assets that we used for the TFP estimation.
Therefore, technically, there is a negative association between TFP and intangible as-
sets. Training exerts a significant positive impact on efficiency improvement as ex-
pected, but surprisingly bears a significant negative impact on technical change.
This fact suggests that training is likely to occur for teaching new or advanced prac-
tices, but not for the creation of frontier technology. The estimated coefficients of
market concentration are mostly insignificant.

The indigenous R&D of individual firms has no significant impact on technical
change. However, it has contributed significantly to efficiency improvement, which
reflects the catch-up process. This is not surprising given the fact revealed from the
First National Economic Census in 2004 that about 95 percent of total business R&D
expenditure was spent on development and only 5 percent was spent on basic
scientific research. Interestingly, R&D activities in the domestic firms at the industry
level have shown significant and robust positive spillovers on the technical progress
of indigenous firms. This evidence suggests that it is collective indigenous R&D ac-
tivities, namely, R&D at the industry level, which push up the technology frontier
and drive the technology upgrading of indigenous firms. R&D activities of foreign
invested firms at the industry level have shown a negative spillover effect on the
technical change of indigenous firms but a positive spillover effect on technological
catch-up. This may be explained by the competition effects from the foreign R&D
activities and the findings of recent studies that the core technology development of
MNE:s still remain at the headquarters, while applied research and adaptation are
the main tasks of its affiliates in foreign countries. Therefore, these R&D activities
may not contribute to technical change but their impact on catching up is positive
and statistically significant. The spillover effects of R&D investment in ethnic firms,
however, only show significances when international R&D spillover effects are con-
sidered and have opposite signs from those of FIEs. It suggests that the R&D activi-
ties from ethnic firms at the industry level can help to foster technical upgrading,
but not technological catch-up.

In terms of FDI spillover effects, there is no direct FDI impact on efficiency change,

but a significant negative impact is detected on technical change. Again, this is
likely for firms with foreign capital that might tend to keep their core technology re-
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search at their mother countries. Another explanation may be due to the small share
of foreign capitals in the indigenous firms, which is no more than 25 percent. There
is also no indirect FDI R&D spillover effect on efficiency change, but the impacts for
indigenous firms with foreign capitals are positively significant at both the firm and
industry level. This suggests the importance of intra-firm technology transfer of the
frontier technology through FDI. Foreign investors may transfer the most advanced
technology when they have more control of the firm.

5. Conclusions

This paper explores the role of inter- and intranational technological spillovers from
FDI in technical change, efficiency improvement, and TFP growth in China. Over
the 2001-05 period, our research finds that Chinese firms have experienced consid-
erable TFP growth at an average annual rate of 4.8 percent. This growth spreads
widely across the board, and is mainly due to technical change rather than efficiency
improvement. Most of the FDI-dominated industries did not grow as fast as the
other industries in terms of TFP growth and technical change. A considerable por-
tion of rapid technical change took place in industries where the indigenous firms
enjoyed a lead. All this suggests a turning point in China’s post-reform era that in-
digenous industries started to take off in terms of technological progress and pro-
ductivity growth, and reveals a period with TFP growth, which has been driven by
technical change that benefited from internal and external technological spillovers.

Moreover, contrary to the normal expectations, R&D activities of foreign firms in
China have exerted a significant productivity depression rather than positive
spillover effects on indigenous firms. Collective indigenous R&D activities at the in-
dustry level are found to be the major driver of technology upgrading of indigenous
firms that push up the technology frontier. However, firms with high FDI-intensity
are likely to have high TFP growth, which reflects the benefits from FDI in non-
technological aspects, such as managerial and marketing knowledge.

Finally, FDI, especially from non-ethnic Chinese investors, is proved to serve as an
effective vehicle and facilitator of international transfer of technological knowledge.
Interactions of international R&D stock and FDI openness at the firm level and in-
dustry level show a significant positive effect on the technical change of indigenous
firms. However, the role of ethnic Chinese investment is rather controversial in this
respect. Ethnic Chinese investors appear to confer only benefits in market access
and managerial knowledge that mix the advantages of Western and Eastern man-
agement philosophies.
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Findings from this research have important policy implications. Developing coun-
tries should not simply reply on FDI for indigenous technological upgrading. In the
increasingly globalizing world when countries, regions, and firms are adopting
more open innovation systems, they can use both internal and external knowledge
sources for technology upgrading and productivity growth. The role of indigenous
innovation, especially collective indigenous innovation efforts shall not be over-
looked. Science and technology policies should be introduced to encourage innova-
tion by indigenous firms so as to build up dynamic indigenous technological capa-
bilities. On the other hand, FDI, especially from industrialized countries, should be
encouraged as this type of investment does serve as an effective conduit of ad-
vanced foreign technological knowledge. This provides a role for trade and industry
policies in developing countries to distinguish different sources of FDI and attract
more FDI from industrialized countries.

References

Acemoglu, Daron. 2002. Directed Technical Change. Review of Economic Studies 69:781-810.

Aghion, Philippe, Nick Bloom, Richard Blundell, Rachel Griffith, and Peter Howitt. 2005. Com-
petition and Innovation: An Inverted U Relationship. Quarterly Journal of Economics 120 (2):701-
728.

Aitken, Brian J., and Ann E. Harrison. 1999. Do Domestic Firms Benefit from Direct Foreign In-
vestment? Evidence from Venezuela. American Economic Review 89 (3):605-618.

Arellano, Manuel, and Stephen Bond. 1991. Some Tests of Specification for Panel Data: Monte
Carlo Evidence and Application to Employment Equations. Review of Economic Studies 58
(2):277-297.

Athreye, Suma, and John Cantwell. 2007. Globalization and the Emergence of New Technology
Producers. Research Policy 36 (2):209-226.

Atkinson, A. B., and ]. E. Stiglitz. 1969. A new view of technological change. Economic Journal
79 (315):573-578.

Aw, Bee Y., Sukkyun Chung, and Mark J. Roberts. 2000. Productivity and Turnover in the Ex-
port Market: Micro-Level Evidence from the Republic of Korea and Taiwan (China). The World
Bank Economic Review 14 (1):65-90.

Balasubramanyam, Vudayagi N., Mohammed Salisu, and David Sapsford. 1996. Foreign Direct
Investment and Growth in EP and IS Countries. Economic Journal 106 (434):92-105.

Basu, Susanto, and David Weil. 1998. Appropriate Technology and Growth. Quarterly Journal of
Economics 113 (4):1025-1054.

Bernard, Andrew, and Bradford J. Jensen. 1999. Exceptional Exporter Performance: Cause, Ef-
fect, or Both? Journal of International Economics 47 (1):1-25.

Blomstrom, Magnus, and Ari Kokko. 1998. Multinational Corporations and Spillovers. Journal
of Economic Surveys 12 (3):247-277.

21 Asian Economic Papers

£20z Jequiydes /0 uo senb Aq ypd'|z°8'6002 dese/z95289 /1 /z/8/4Pd-8lonie/dase/npe iw 1oailp//:dny woy papeojumoq



International and Intranational Technological Spillovers and Productivity Growth in China

Borensztein, Eduardo, Joe D. Gregorio, and Jong-Wha Lee. 1995. How Does Foreign Direct In-
vestment Affect Economic Growth. NBER Working Paper No. 5057. Cambridge, MA: National
Bureau of Economic Research.

Branstetter, Lee G. 2001. Are Knowledge Spillovers International or Intranational in Scope?
Microeconometric Evidence from the U.S. and Japan. Journal of International Economics 53
(1):53-79.

Buckley, Peter J., Jeremy Clegg, and Chenqi Wang. 2002. The Impact of Inward FDI on the Per-
formance of Chinese Manufacturing Firms. Journal of International Business Studies 33 (4):637—
655.

Chen, Dong, Jing Li, and Daniel Shapiro. 2008. FDI Knowledge Spillovers and Product Innova-
tions of Chinese Firms. Paper presented at the conference on “Confronting the Challenges of
Technology for Development,” May, University of Oxford.

Coe, David, and Elhanan Helpman. 1995. International R&D Spillovers. European Economic Re-
view 39 (5):859-887.

Cohen, Wesley, and Daniel Levinthal. 1989. Innovation and Learning: Two Faces of R&D. Eco-
nomic Journal 99 (397):569-596.

Driffield, Nigel, and James H. Love. 2003. Foreign Direct Investment, Technology Sourcing and
Reverse Spillovers. The Manchester School 71 (6):659-672.

Eden, Lorraine, Edward Lecitas, and Richard J. Martinez. 1997. The Production, Transfer and
Spillover of Technology: Comparing Large and Small Multinationals as Technology Producers.
Small Business Economics 9 (1):53-66.

Fare, Ralf, Shawna Grosskopf, Mary Norris, and Zhongyang Zhang. 1994. Productivity
Growth, Technical Progress, and Efficiency Change in Industrialized Countries. The American
Economic Review 84 (1):66-83.

Findlay, Ronald. 1978. Relative Backwardness, Direct Foreign Investment and the Transfer of
Technology: A Simple Dynamic Model. Quarterly of Journal of Economics 92 (1):1-16.

Fu, Xiaolan. 2004. Limited Linkages from Growth Engines and Regional Disparities in China.
Journal of Comparative Economics 32 (1):148-164.

. 2005. Exports, Technical Progress and Productivity Growth in Chinese Manufacturing
Industries. Applied Economics 37 (7):725-739.

.2007. Trade-cum-FDI, Human Capital Inequality and the Dual Economy in China: The
Signer Perspective. Journal of Economic Change and Restructuring 40 (1-2):137-155.

. 2008a. Foreign Direct Investment, Absorptive Capacity and Regional Innovation Capa-
bilities: Evidence from China. Oxford Development Studies 36 (1):89-110.

. 2008b. Managerial Knowledge Spillovers from FDI: Evidences from UK Survey Data.
Paper presented at the Academy of International Business Annual Conference, June, Milan.

Girma, Sourafel. 2005. Absorptive Capacity and Productivity Spillovers from FDI: A Threshold
Regression Analysis. Oxford Bulletin of Economics and Statistics 67 (3):281-306.

Gorg, Holg, and David Greenaway. 2001. Foreign Direct Investment and Intra-Industry

22 Asian Economic Papers

£20z Jequiydes /0 uo senb Aq ypd'|z°8'6002 dese/z95289 /1 /z/8/4Pd-8lonie/dase/npe iw 1oailp//:dny woy papeojumoq



International and Intranational Technological Spillovers and Productivity Growth in China

Spillovers: A Review of the Literature. GEP Research Paper No. 2001/37. Nottingham, UK:
University of Nottingham.

Griliches, Zvi. 1979. Issues in Assessing the Contribution of R&D to Productivity Growth. Bell
Journal of Economics 10 (1):92-116.

Hansen, Lars Peter. 1982. Large Sample Properties of Generalized Method of Moments Estima-
tors. Econometrica 50 (4):1029-1054.

Hu, Guangzhou, and Gary Jefferson. 2002. FDI Impact and Spillover: Evidence from China’s
Electronic and Textile Industries. World Econony 38 (4):1063-1076.

Huang, Yasheng. 2003. Selling China. London: Cambridge University Press.

Javorcik, Beata Smarzynska. 2004. Does Foreign Direct Investment Increase the Productivity of
Domestic Firms? In Search of Spillovers Through Backward Linkages. American Economic Re-
view 94 (3):605-627.

Kokko, Ari, Ruben Tansini, and Mario Zejan. 1997. Trade Regimes and Spillover Effects of FDI:
Evidence from Uruguay. Working paper. Stockholm: Stockholm School of Economics.

Lall, Sanjaya. 2003. Foreign Direct Investment, Technology Development, and Competitive-
ness: Issues and Evidence. In: Competitiveness, FDI and Technological Activity in East Asia, edited
by Sanjaya Lall and Shujiro Urata, pp. 12-56. Cheltenham, UK: World Bank, Edward Elgar.

Organisation for Economic Cooperation and Development (OECD). 2002. Science and Technol-
ogy Industry Outlook. Paris: OECD.

Pacter, Paul, and Joseph Yuen. 2001. New Comprehensive Accounting System Adopted in
China. China Financial Reporting Update, issue 02/2001.

Stewart, Frances. 1983. Macro-Policies for Appropriate Technology: An Introductory Classifica-
tion. International Labour Review 122 (3):279.

UNCTAD. 2005. Globalization of R&D and Developing Countries: Proceedings of an Expert Meeting.
New York and Geneva: United Nations.

23 Asian Economic Papers

£20z Jequiydes /0 uo senb Aq ypd'|z°8'6002 dese/z95289 /1 /z/8/4Pd-8lonie/dase/npe iw 1oailp//:dny woy papeojumoq



