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Effects of Foreign Direct Investment on Firm-
level Technical Efficiency: Stochastic Frontier
Model Evidence from Chinese Manufacturing
Firms

Miao Wang
Department of Economics, University of San Francisco, San Francisco, CA
M.C. Sunny Wong

Department of Economics, University of San Francisco, San Francisco, CA

Abstract

It has been recognized that multinational corporations can spill over to non-affiliated firms in host
economies. Existing studies of foreign direct investment (FDI) and productivity growth often assume firms are
perfectly efficient. Our paper relaxes this assumption and explores how FDI affects a firm’s technical efficiency
improvement as well as its technical progress in a stochastic frontier model. The stochastic frontier model
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estimates a firm’s production frontier given a set of production inputs. The deviation of a firm’s actual output
level from its maximum level of output is defined as technical inefficiency. Using data from more than 12,000
Chinese manufacturing firms, we find that FDI in a firm's own industry (horizontal FDI) does not necessarily
improve the firm’s technical efficiency. However, firms with a larger absorptive capacity tend to benefit more
from horizontal FDI than others. We also find that foreign presence in a firm’s downstream industries helps
improve the firm’s technical efficiency, while foreign presence in upstream industries does not. In addition, a
generalized Malmquist index decomposition shows that foreign affiliates achieve a higher productivity growth
than domestic firms mainly through a faster improvement in technical efficiency rather than through technical
progress.

Keywords

Foreign direct investment, Horizontal and vertical spillovers, Technical efficiency, Stochastic frontier
model, Malmquist productivity index

Introduction

Foreign direct investment (FDI) is typically taken as a vehicle transferring both tangible and intangible
assets such as better product designs or management skills. The superior technology owned by multinational
corporations (MNCs), which is not generally available in the host country, can spill over to non-affiliated firms
and create a beneficial impact on productivity in the host country. As a result, many countries consider FDI an
integral part of their development strategy and try to attract such investments by offering preferential
policies to MNCs including tax breaks or subsidies. Not surprisingly, studies on FDI spillovers received
tremendous attention from both academic researchers and policy makers. Since the pioneering paper of
Caves (1974), there has been a large body of research exploring FDI spillovers and firm productivity in host
countries (for example, Aitken and Harrison 1999; Javorcik 2004; Driffield 2004; Merlevede et al. 2014).

In this paper, we examine FDI productivity spillovers in the host country using a stochastic frontier
model. Our study contributes to the literature in two respects. First, we identify the contribution of technical
efficiency improvement and technical progress to productivity growth. Generally speaking, productivity
growth includes two components: technical progress and technical efficiency improvement. Technical
progress refers to an outward shift of the current production frontier, often caused by advances in
technology. Technical efficiency improvement refers to a movement from current output level toward the
production frontier. Earlier studies on FDI spillovers with industry- or firm-level data typically construct an
estimate of total factor productivity (TFP), based on the Solow residual parametric or semi-parametric
approaches developed by Olley and Pakes (1996) and Levinsohn and Petrin (2003). Then the impact of FDI on
TFP or TFP growth is evaluated. These studies have greatly advanced our understanding of FDI spillovers.
However, there are a few potential caveats with them. The first is that they do not distinguish between
technical progress and technical efficiency improvement. In other words, all firms are assumed to be perfectly
efficient and operate on their production frontier. Practically, firms are not always exhibiting full efficiency
and there are likely (large) differences in technical efficiency across firms. In addition, given this full efficiency
assumption, the productivity externalities of FDI (if any) captured in earlier studies are purely regarded as
technical progress, that is, an outward shift of the current production frontier.

In our paper, we use a stochastic frontier (SF) model to explore the extent to which foreign ownership
of a firm and foreign presence at the industry level affect the firm’s productivity and efficiency. The novelties
of the SF methodology are that it relaxes the strict assumption that all firms are fully efficient, identifies which
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firms are inefficient and to what extent they are inefficient, and estimates sources of technical inefficiency.
Consequently, we are able to calculate separately efficiency improvement, technical progress, as well as scale
efficiency change, which present a more detailed picture of productivity growth. Further, in Dunning’s OLI
framework (Dunning 1977), the ownership advantages of MNCs refer to advantages MNCs have from all
intangible assets including both better technology (e.g. existing patents) and better management and
marketing skills. Different MNCs intangible assets may have different effects on firm productivity in the host
country. The SF approach helps to illustrate the productivity externalities of FDI in the host country from
diffusion of newer and better technology (which leads to technical progress) and from transfer of knowledge
related to better managerial and organizational practices (which improves efficiency). In contrast, the latter
cannot be identified by using the traditional approach of regressing the Solow residual TFP estimate on
various factors when all firms are assumed to be fully efficient.

Second, we add to the small literature on FDI presence and firm-level efficiency gains and evaluate
the effect of both intra- and inter-industry FDI spillovers. Intra-industry FDI (also referred to as horizontal FDI)
is FDI received in a firm’s own industry while inter-industry FDI (vertical FDI) is FDI received in a firm’s
upstream or downstream industries. Existing research adopting the stochastic frontier approach with firm-
level data primarily focuses on the association between foreign ownership of a firm and the firm’s technical
efficiency (Oczkowski and Sharma 2005; Yasar and Paul 2009; Hanousek et al. 2012; Charoenrat and
Harvie 2014). Potential effects of FDI at the industry level are routinely left unexamined. A few exceptions
include Kathuria (2001) and Suyanto et al. (2009, and 2014). Kathuria (2001), with data from 368
manufacturing firms in India, finds that there are positive spillovers from foreign presence in an industry
provided firms possess significant R&D capabilities.! Suyanto et al. (2009) use data from chemical and
pharmaceutical firms in Indonesia during 1988-2000 and argue that horizontal FDI has a beneficial effect on a
firm’s technical efficiency. Both Kathuria (2001) and Suyanto et al. (2009) omit vertical FDI measures, hence
we may not be able to draw inferences on inter-industry FDI spillovers from their results. Suyanto et al. (2014)
include both measures of intra- and inter-industry FDI. With data on manufacturing firms in Indonesia over
1988-2000, the authors find evidence supporting significant vertical FDI spillovers. Because potential vertical
linkages have been recognized as important channels for FDI spillovers (compounded below), we consider
foreign presence in a firm’s own industry as well as in its upstream and downstream industries in our paper.

We employ comprehensive data from over 12,000 Chinese manufacturing firms in 30 two-digit
industries over 2002-2004 published by the World Bank. Our results show that intra-industry FDI has a
negative effect on an individual firm’s technical efficiency. But there does exist a complementarity between a
firm’s R&D expenditure and intra-industry FDI. Not all firms can benefit from horizontal FDI. Yet, positive
effects of horizontal FDI on technical efficiency are closely related to a firm’s capacity to absorb new
technology and knowledge. We also find the presence of foreign end-users tends to improve efficiency of
domestic suppliers possibly due to the fact that MNCs can help their suppliers in the host country to build
production facilities and provide technical support to raise the quality of suppliers’ products. On the other
hand, our results show that foreign presence in upstream industries could have an adverse effect on the level
of technical efficiency of firms as end-users.

In terms of the level of technical efficiency, foreign firms are on average more efficient than domestic
firms in China. Foreign firms in our sample obtain an average efficiency score of 0.56 (a maximum value of
one means full efficiency), while domestic firms obtain an average efficiency score of 0.42. A generalized
Malmquist index shows that both foreign and domestic firms in China have a similar rate of technical progress
at 6.4% while foreign firms on average experience a faster improvement in technical efficiency than domestic
firms (4.1% vs. 3.5%).
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Conceptual Framework: FDI Intra- and Inter-industry Linkages
Intra-Industry FDI

Conceptually, there are three main channels through which FDI can affect host country local firms in
the same industry: demonstration, training of employees, and market competition. First, there may exist the
“demonstration effect” when non-affiliated firms learn from multinationals and imitate their product designs,
processes, and organizational innovations (Javorcik 2008). Such learning or imitation can help non-affiliated
firms to upgrade their technology, and also improve their productivity. Second, the productivity enhancing
effect of FDI can occur through labor turnover. The knowledge and skills provided by training programs of
MNCs can benefit local firms. For instance, workers trained by multinationals may later take employment in
other firms, carrying the training with them, or become entrepreneurs and start their own business (Alfaro et
al. 2009; Balsvik 2011). Third, entry of foreign firms in an industry can increase competition in the host market
and rising competition gives existing firms an incentive to improve their production process. This is often
referred to as the “competition effect,” which can imply a productivity gain in the host country (Glass and
Saggi 2002). As argued by Aitken and Harrison (1999) and Crespo and Fontoura (2007), however, negative
effects can also arise due to such competition. They describe a “market stealing” effect, when foreign firms
exploit their technology advantage and “steal” customers away from existing firms in the host country. With a
reduced demand and smaller market share, local firms in the host country can be forced to reduce output.
Their productivity could fall when the firms spread fixed costs over a smaller quantity of output. In addition,
MNCs often offer a higher wage than local firms, which can raise the wage level in the host country and
increase the labor cost for all firms.

Inter-Industry FDI

Some have cast doubt on the degree of intra-industry FDI spillovers given that MNCs may have strong
incentives to prevent their advanced knowledge from leaking out to competitors in the host country. In
comparison, beneficial impact from inter-industry FDI on local firms’ productivity may be more likely to
materialize since MNCs can be motivated to provide technologies to their suppliers or customers in the host
country.

Lall (1980) proposes the concept of vertical linkages, which is later formalized by, among others,
Rodriguez-Clare (1996). In the case of forward linkages, MNCs in upstream industries lead to productivity
improvement of firms in downstream industries. This can happen when (more productive) MNCs supply
intermediate goods and machinery of a better quality to final goods producers in the host country. It can also
happen when MNCs provide technical and organizational assistance to their customers so that their products
will be used more effectively. However, Javorcik (2004) argues that negative forward spillovers are possible
too. If an upgrade in quality of inputs sold by MINCs is associated with an increase in product prices, firms in
industries which multinationals supply might experience some negative effects due to increased cost.

Backward linkages refer to spillovers from MNCs in downstream industries to their suppliers in
upstream industries. Multinationals can have higher standards or more strict requirements regarding product
quality and delivery. To ensure the quality of inputs they receive, MNCs may be interested in transferring
technology and providing technical support to their local suppliers (Blalock and Gertler 2008). MNCs also have
incentives to make the technology widely available in the supply market so that no single supplier can behave
like a monopoly and raise the product price. In addition, a rising number of foreign firms in an industry can
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increase the demand for intermediate products and hence allow firms in upstream industries to boost
production and exploit economies of scale.

Estimation Strategy

Stochastic Frontier Framework

The stochastic frontier model estimates a firm’s production frontier or the “best practice” given a set
of production inputs (Aigner et al. 1977). The deviation of a firm’s actual output level from its maximum level
of output is defined as the technical inefficiency. The stochastic frontier model can be expressed as:

LnY; = xitB + vir — Uy, (1)

where jand t are firm and time subscripts, respectively; Y denotes the production of a firm and x is a vector of
inputs (in log) such as labor and physical capital. The error term has two components: a random error, v i, and
the technical inefficiency term, u i.. The random error, v i, has an iid normal distribution of (0, 03); the
technical inefficiency term, u i, is assumed to have a normal distribution, truncated at zero, with mean u and
variance g2. Further, the mean of the distribution of technical inefficiency can be represented as a linear
function of control variables:

it — Zy6 = 6o + Z%ﬂ OmZm, (2)

where Z=[Z4, .., Zm] is a vector including M determinants of technical inefficiency. Kumbhakar et al. (1991)
propose a single-stage maximum likelihood estimation (MLE) procedure to estimate equations (1) and (2)
simultaneously, which is later extended and modified by Battese and Coelli (1995) for panel data estimation.
In this context, the point estimate of technical efficiency (TE), or the ratio of a firm’s actual output to its
corresponding stochastic frontier output is:

TE; = E[exp(—u;)|vie — Uyt ]- (3)

The value of TE ranges between zero and one. The larger the TE, the closer a firm operates to its production
frontier, with a maximum value of one indicating a firm on its production frontier.

Data and Empirical Specification

Our empirical estimation draws on data from the 2005 Investment Climate Survey conducted by the
China National Bureau of Statistics for the World Bank.? The survey includes 12,395 firms in 30 provinces,
corresponding to 30 two-digit level industries in the manufacturing sector. These firms are randomly selected
from all firms in their province, industry, and size categories. The 2005 Investment Climate Survey data span
the period 2002-2004. We exclude firms that do not report information on production, employment, or fixed
assets as well as firms with apparent data entry errors such as a negative employment. This leaves us with a
total number of 36,359 observations over 2002 to 2004. A more recent World Bank survey on Chinese firms
with publicly available data was conducted in 2012. We use data from the 2005 survey for our main results as
its broad coverage and panel structure allow us to study technical improvements and technical progress over
time. Data from the 2012 World Bank survey cover a single year’s information, the year of 2011, which we
discuss in detail in the robustness checks section. Based on equations (1) and (2), we specify a flexible translog
production function:
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+ﬂTK(T X anl]pt) + ﬂTL(T X lnLl]pt) + ﬂTT + = ﬂTTT + vupt uuptr

where i, j, and p are firm, industry, and province subscripts, respectively; subscript t implies time. We measure
output by a firm’s real value-added; K represents physical capital and is measured by net real fixed assets of a
firm; L is labor, measured by a firm’s total number of employees; and T is a time trend. Industry and provincial
dummies are also included in the production function. Our baseline average inefficiency function is
represented as:

=6,+X%_, OmZm,ijpt = 0o + 61Foreign;jp: + 86,Ag¢€;jp: + 63Size;jp:

+8,FDII™ + 85FDIY + 86FDIDI™™,

Mijpt (5)

where Foreign is a dummy variable for foreign ownership defined by at least 10% of foreign capital. Firm’s age
(Age) and size (Size, measured by the log of a firm’s total employment) are also included.

The last three variables in equation (5) represent FDI in a firm’s own industry j (FDI HO”) its upstream
(FDI]ZIZ) and downstream (FDI DOW") industries. Coefficients § 4 — 6 s capture effects of industry level FDI on a
firm’s technical inefficiency. The degree of horizontal FDI, for each province p, measures foreign share of

output (Output) within an industry j at time t. In other words, with & ;as the share of firm i’s equity owned by
foreign investors, we obtain:

Z GiXOutputijpt
i€j

Yiej Outputijpe

(6)

FDIHOTL —

The upstream FDI for any firm in industry j is measured as a weighted average of foreign share of output in
upstream industries that supply industry j (Javorcik 2004):

U
FDI.? = E ax FDIFS", (7)
k+j

where a jis the share of industry k’s output supplied to industry j as inputs. Similarly, we measure the
downstream FDI for any firm in industry j as a weighted average of foreign share of output in all downstream
industries that are supplied by industry j:

FDIRow™ = Zki @ FDIET, (8)
J

where @ jcis the share of industry j’s output supplied to industry k as inputs. In short, the
variable FDIUp captures foreign presence in industry j’s upstream industries in province p at time t and the

variable FDI][;,‘ZW" foreign presence in industry j’s downstream industries in province p.

To construct FDI in upstream and downstream industries, we use the 2002 Input—Output (I-O) Table of
China, published by China National Bureau of Statistics (2006). Our sample only covers firms in manufacturing
industries, but o ,;and ¢ jcare calculated based on all industries included in the I-O table. China compiles its I-
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O table every five years. We choose I-O 2002 as it fits our sample span better than I-O 1997 and I-O 2007.
Descriptive statistics are presented in Table 1.

Table 1. Descriptive statistics

Variable No. of Obs Mean Std. Dev. Min Max

Y (in million yuan) 36359 191.4661 | 1521.8790 K 0.0004 | 100651.7
K (in million yuan) 36359 149.8977 | 1705.3250 | 0.0009 | 134459.2
L (in thousand) 36359 0.8558 2.7489 0.001 135.559
Age 36359 12.7824 13.6579 1 140
Foreign (10%) 36359 0.2088 0.4064 0 1

Foreign (25%) 36359 0.2030 0.4022 0 1

R&D (in million yuan) | 36359 5.3927 53.5982 0 4359.9
FD| Hori 36359 0.1900 0.2305 0 1

FDI VP 36359 0.1173 0.1491 0.00024 | 0.8104
FD] Pown 36359 0.1152 0.1524 0.00003 | 0.9103

Data come from the World Bank Enterprise Survey, China 2005.

We report the average foreign share of total output by industry and by province in our sample in
Table 2. In addition, we provide number of observations in each industry (province) and their corresponding
shares in total number of observations. Foreign firms play an important role in the manufacturing sector in
China, contributing around 21% of the total output in the manufacturing sector. In some cases, foreign
production can account for the majority of an industry’s output. For example, the share of foreign output is
62.5% in electric equipment and machinery and 54% in cultural, educational and sports goods. In terms of
geographical distribution, FDI in China is concentrated in coastal regions and metropolitan cities. Central and
Western China receive a considerably smaller amount of FDI. For example, an average of 59.5% of output in
the manufacturing sector in Guangdong province is produced by foreign firms while this number drops to a
low of 1.8% in Qinghai province.
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Table 2. FDI by province and industry

Industry ©

13
14
15
16
17
18
19

20
21

22

23

24

25

26

27

28
29
30
31

32

33

34
35

Food processing

Food production
Beverage industry
Tobacco processing
Textile industry
Garments and other
fibre products
Garments and other
fibre products
Timber processing
Furniture
manufacturing
Papermaking and
paper products
Printing and record
medium
reproduction
Cultural,
educational and
sports goods
Petroleum refining
and coking

Raw chemical
materials and
chemical products
Medical and
pharmaceutical
products

Chemical fibre
Rubber products
Plastic products
Nonmetal mineral
products

Smelting and
pressing of ferrous
metals

Smelting and
pressing of
nonferrous metals
Metal products
Ordinary machinery

Industry level

Share of
foreign output

19.71
17.81
27.31
0.34

17.05
34.78
33.14

16.59
33.04

14.57

11.82

53.97

6.24

11.83

14.22

7.41
15.27
28.91
7.77

7.33

3.98

25.73
17.79

No. of
obs.

2819
714
528
137
2791
611
411

416
163

692

185

123

4215

4215

1254

140
63
960
3833

1424

996

1056
3172

% of

total

obs.

7.75%
1.96%
1.45%
0.38%
7.68%
1.68%
1.13%

1.14%
0.45%

1.90%

0.51%

0.34%

1.43%

11.59%

3.45%

0.39%
0.17%
2.64%
10.54%

3.92%

2.74%

2.90%
8.72%

Province

Coastal
Region
Beijing
Fujian
Guangdong
Hainan
Jiangsu

Liaoning

Shandong
Shanghai

Tianjin
Zhejiang
Central
Region
Anhui

Guangxi

Hebei

Heilongjiang
Henan
Hubei
Hunan

Inner
Mongolia

Jiangxi

Jilin
Shaanxi

Province
level
Share of
foreign
output

34.62
49.28
59.48
14.04
10.65
13.1

10.7
52.47

46.63

13.9

16.26

8.28

15.08

5.4
6.32
13.67
7.06

28.61

21.84

23.46
7.57

No. of
obs.

587
1478
2639
285
2644
1755

2634
592

585

2370

1175

882

2326

847

2055
2055
1758

583

1476

592
885

% of
total
obs.

1.61%
4.07%
7.26%
0.78%
7.27%
4.83%

7.24%
1.63%

1.61%

6.52%

3.23%

2.43%

6.40%

2.33%
5.65%
5.65%
4.84%

1.60%

4.06%

1.63%
2.43%



36 Special purposes 10.19 1433 3.94% Western

equipment region
37 Transport 14.07 2910 8.00% Chongging 11.86 591 1.63%
equipment
39 Other electronic 32.27 2548 7.01% Gansu 2.47 584 1.61%
equipment
40 Electric equipment 62.45 1745 4.80% Guizhou 7.03 596 1.64%
and machinery
41 Electronic and 52.7 180 0.50% Ningxia 4.79 588 1.62%
telecommunications
42 Instruments and 29.8 312 0.86% | Qinghai 1.78 287 0.79%
meters
43 Other 0.02 9 0.02% | Shanxi 4.06 880 2.42%
manufacturing
Sichuan 7.97 1461 4.02%
Xinjiang 2.55 295 0.81%
Yunnan 7.19 874 2.40%
20.94 (mean) 36359 100% 16.94 36359 100%
(total) (mean) (total)

Data come from the World Bank Enterprise Survey, China 2005.
2The two-digit industry classification are from the National Bureau of Statistics, China.

Empirical Results

Foreign Ownership and Firm Characteristics

We estimate equations (4) and (5) simultaneously with a single-stage maximum likelihood estimation
(MLE) procedure and report results in Table 3. The first two regressions in Table 3 are baseline regressions
without measures of industry FDI. The foreign ownership dummy in regression 3.1 is defined as at least 10%
of foreign capital, consistent with the definition used in the U.S. and the IMF. Starting from regression 3.2,
foreign ownership is defined as at least 25% of foreign capital, which is the threshold level adopted in China.
In regression 3.3, we add horizontal, upstream and downstream FDI in the inefficiency function. In regression
3.4, we include R&D expenditure as a proxy for a firm’s absorptive capacity. Regressions 3.5 and 3.6 have
lagged variables in the inefficiency function.

Table 3. Production function and technical efficiency estimates
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Producti
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Table 3 has three panels, with results of the production function in panel (a), results of the mean
inefficiency function in panel (b), and hypothesis testing results in panel (c). We start our discussion with
panel (c), where likelihood ratio (LR) test statistics for three hypotheses are provided. First, we compare the
Cobb-Douglas functional form with the translog functional form. The null hypothesis of the Cobb-Douglas
functional form is rejected at the 1% level consistently across all specifications, suggesting the translog
functional form is a more appropriate description of the production process. To test the “no-inefficiency”
effect, we follow Battese and Coelli (1995) and define y=02u/c2y=0u2/02, where 02=02u+c2vo2=cu2+ov2.
The null hypothesis is based on the joint significance of y=6 =6 1= ... =0, where s are parameters in the
inefficiency function. As shown in Table 3, the null hypothesis of no inefficiency can be rejected at the 1%
level in all models. Lastly, we test whether the average inefficiency is a function of Z factors included in
equation (5). The null hypothesis that all slope parameters in the inefficiency function are jointly zero
(i,e., Ho: 6 0=61=..=0)is rejected consistently. This suggests that control variables included in the average
technical inefficiency function explain sources of the observed inefficiency.

Looking across columns in panel (b), there are a few notable points. First, the coefficient on foreign
ownership (Foreign) in the technical inefficiency function is negative and statistically significant at the 1%
level in all regressions. Changing the threshold level of foreign share does not alter this result. Since we are
estimating an inefficiency function, a negative coefficient means a particular factor reduces technical
inefficiency or raises technical efficiency. The robustly negative coefficient on foreign ownership implies
foreign firms are more efficient than domestic firms. In model 3.4, the coefficient on Foreign is -0.46,
suggesting that other things constant, foreign firms are 46% more efficient than domestic firms. This result is
consistent with previous frontier analyses focusing on ownership and a firm’s technical efficiency. For
example, Suyanto et al. (2014) also find that foreign affiliates are more efficient than domestic manufacturing
firms in Indonesia.

Second, in our sample, firm age (Age) is positively associated with technical inefficiency and firm size
(Size) is negatively associated with technical inefficiency. For example, the estimated coefficient on firm age in
model 3.3 is 0.014 and significant at the 1% level. This suggests that older firms are less efficient or holding
other things constant, a one-year increase in a firm’s age is associated with a 1.4% increase in inefficiency or a
1.4% drop in the level of technical efficiency. Our findings on firm age and technical efficiency echo findings in
Charoenrat et al. (2013). Older firms may employ capital of earlier vintage while younger firms are more likely
to adopt modern technology and equipment. Consequently older firms tend to be less productive or exhibit
lower efficiency than younger firms. The estimated coefficient on firm size (Size) is robustly negative,
indicating the larger the firm is, the closer it is to the production frontier. Regression 3.3 suggests that a 1%
rise in a firm’s total employment is associated with a reduction in its inefficiency by 0.79%.

Horizontal, Downstream, and Upstream FDI and Technical Efficiency

Focusing on industry-level FDI, Table 3 shows that intra-industry FDI (FD/"°"") has a positive and
significant coefficient, indicating that an increase in horizontal FDI may decrease a firm’s technical efficiency.
Regression 3.3 shows that, ceteris paribus, a 1% increase in FDI in a firm’s own industry is associated with a
0.42% decline in the firm’s technical efficiency. Conceptually, the net effect of horizontal FDI in an industry
could be rather ambiguous. As mentioned previously, positive spillovers from intra-industry FDI may occur
through channels such as demonstration or labor turnover. In other words, non-affiliated firms learn from
multinationals and imitate their product designs, processes, or organizational innovations. On the other hand,
foreign presence may harm domestic firms due to “market-stealing,” when foreign entry reduces indigenous
firms’ market share and forces them to reduce output and incur a higher average production cost. The
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positive coefficient on the horizontal FDI in our regressions likely shows a dominant market-stealing effect of
FDI over the beneficial spillover effect.

Regarding the effect of vertical FDI, the coefficient on FDI/ °°""is negative and significant at the 1%
level, suggesting foreign presence in a firm’s downstream industries tends to increase its technical efficiency.
This might be caused by the higher requirements set by MNCs on the quality and delivery of inputs from local
suppliers. In addition, the beneficial impact of foreign presence in a firm’s downstream industries on the
firm’s technical efficiency could result from an increase in the demand for intermediate products, which
allows firms in upstream industries to increase production and take advantage of economies of scale. In
contrast, an increase in FDI in a firm’s upstream industries seems to be negatively associated with the firm’s
technical efficiency in our sample according to a positive and significant coefficient on the variable FDI P, A
possible explanation for the positive coefficient on upstream FDI might be that for FDI to benefit firms in
downstream industries, home and host countries should not be too different in terms of intermediate goods
produced. If this is reversed, foreign investments may hurt the host country (Rodriguez-Clare 1996). Another
possible explanation is that MNCs in China may produce intermediate products of a better quality compared
to domestic firms and sell them at higher prices to end users. As a result, firms in industries that these
multinationals supply face a higher production cost while they might not fully utilize the improved inputs in
the production process (Javorcik 2004).

In model 3.4, we take into consideration a firm’s absorptive capacity. Both cross-country research
with macro-level data and single-country research using micro-level data have recognized the important role
played by absorptive capacity in promoting horizontal spillovers. For example, Blalock and Gertler (2009) note
that firms with R&D investments adopt more technology from foreign entrants than other firms. Similar to
Blalock and Gertler, we use the log value of a firm’s R&D expenditure to measure its absorptive capability, or
a firm’s ability to apply new knowledge from outside to commercial use. A stand-alone R&D measure and an
interaction between R&D and horizontal FDI are included in the regression. If there exists any
complementarity between foreign presence within the industry and a firm’s absorptive capacity in terms of
reducing inefficiency, we should observe a negative and significant coefficient on the interaction term.

The estimated coefficient on R&D in model 3.4 is -1.04 and significant at the 1% level, indicating firms
with investments in R&D are more efficient —a 1% increase in a firm’s R&D leads to a 1.04% decrease in
technical inefficiency or a 1.04% rise in technical efficiency, other things constant. In addition, absorptive
capacity does affect the extent of FDI spillovers as shown by a negative and significant coefficient on the
interaction between R&D and horizontal FDI. This result suggests that although positive horizontal spillovers
may not happen automatically, there indeed exists a complementarity between horizontal FDI and a firm’s
R&D investments. In general, firms with more R&D investments are more likely to experience a beneficial
impact on efficiency improvement from horizontal FDI than firms with a small amount of R&D due to the fact
that R&D contributes to a firm’s absorptive capacity and makes it easier for a firm to acquire and apply new
knowledge or technology.

In models 3.5 and 3.6, we include lagged measures of intra- and inter-industry FDI in the inefficiency
function. FDI studies with data at a more aggregated level often regard foreign investments to be
endogenous. For example, growth studies show that FDI may promote host countries’ economic growth, but
at the same time host countries experiencing faster economic growth are also more attractive to foreign
investors. Such an endogeneity may not be as much a concern to firm-level research. In our study, it is
unlikely that an individual firm’s efficiency (or other firm-level characteristics) will have any notable impact on
FDI received in its own industry and its upstream and downstream industries. In other words, to an individual
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firm, foreign entries at the industry level are largely exogenous. With that said, we include lagged industry
level FDI and lagged R&D measures in models 3.5 and 3.6 to keep the possible endogeneity problem to a
minimum. Results in models 3.5 and 3.6 are essentially unchanged from those in models 3.3 and 3.4.

Robustness Checks

In this section, we perform a number of robustness checks. One could question whether efficient
domestic firms are more likely to be chosen by foreign investors and become foreign affiliates. If so, our
results could suffer from simultaneity bias given the foreign ownership variable included in the regression. To
ensure that results in Table 3 are not driven by the inclusion of foreign firms in the sample, we estimate in
regression 4.1 the model with domestic firms only. In regression 4.2 we distinguish the sources of foreign
investment. MNCs with parents in Hong Kong, Macao, and Taiwan are labeled as “HMT” and those from other
countries belong to the group of “Other Foreign” (or “OF”). This is to allow for potential different impacts of
FDI from source economies that have a stronger historical or cultural tie with mainland China. We also run
separate regressions for exporters and non-exporters in regressions 4.3 and 4.4, respectively.

In general, our findings discussed previously are robust to different specifications and the results in
Table 4 and do not change substantially compared to results in Table 3. For instance, regression 4.1 yields
similar estimates as those based on the full sample in terms of signs of coefficients and their level of
significance. This suggests that the simultaneity bias caused by “cherry picking,” if it exists, does not seem to
exert a discernible impact on our findings.

Table 4. Robustness checks

Panel (a):
Production
function
Domestic Hong Kong & Exporter Non-
firms?® foreign exporter
firms'spillovers®
VARIABLES Model 4.1 Model 4.2 Model 4.3 Model 4.4
In(K) 0.10049*** | [0.017] | 0.11381*** [0.015] | 0.06570*** | [0.025] | 0.10998*** | [0.019]
In(L) 0.56312*** | [0.033] | 0.58953*** [0.030] | 0.65863*** | [0.048] | 0.51226*** | [0.040]
In(K)"2 0.07489*** | [0.003] | 0.08215*** [0.003] | 0.08719*** | [0.005] | 0.07809*** | [0.003]
In(L)A2 0.10930*** | [0.012] | 0.14378%*** [0.012] | 0.17366*** | [0.016] | 0.04969*** | [0.015]
In(K) x In(L) - [0.009] | -0.10873*** [0.008] | - [0.015 | - [0.010]
0.09914*** 0.14590*** 0.09306***
T 0.15968*** | [0.056] | 0.16048%*** [0.051] | 0.20468*** | [0.077] @ 0.12816* [0.066]
"2 -0.03061 [0.026] | -0.03035 [0.023] | -0.03871 [0.035] | -0.02353 [0.030]
T x In(K) 0.00683 [0.006] | 0.00792* [0.005] | -0.00166 [0.007] | 0.00992 [0.006]
TxIn(L) -0.00842 [0.008] | -0.01320* [0.007] | -0.00316 [0.011] @ -0.0152 [0.010]
Constant 3.75552*** | [0.088] | 3.57999*** [0.079] | 3.76917*** | [0.125] | 3.77468*** | [0.107]
Industry Yes Yes Yes Yes
dummies
Province Yes Yes Yes Yes
dummies
Panel (b):
Technical

inefficiency
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Size - [0.031] | -0.78291*** [0.030] | - [0.044] | - [0.039]

0.60021*** 0.68990*** 0.48435***
Age 0.01151*** | [0.001] | 0.01363*** [0.001] | 0.00828*** | [0.002] | 0.01217*** | [0.001]
Foreign -0.48438*** [0.036] | - [0.059] | - [0.046]
0.43589*** 0.47436***
FD| Hori 0.41938*** | [0.069] 0.43254*** | [0.107] = 0.50444*** | [0.076]
FDI Yp 1.24349%** | [0.225] 1.76326*** | [0.355] | 0.66555*** | [0.246]
FD| Pown - [0.216] - [0.336] | - [0.236]
1.42856*** 1.63837*** 0.76784***
RD - [0.106] - [0.216] | - [0.118]
1.15777*** 1.28295*** 0.89048***
RD x FDIHeri -0.00504 [0.003] 0.17861 [0.281] | - [0.408]
1.26747%**
EDI Heri(HMT) 0.64992%** [0.125]
FDI Heri(OF) 0.48133*** [0.074]
FDI YP(HMT) 1.45160%** [0.490]
FDI Po"N(HMT) -2.46045%** [0.486]
FDI UP(OF) 1.20624*** [0.330]
FDI Po"n(OF) -0.96650%** [0.334]
Constant -0.08652 [0.090] | -0.76667*** [0.102] | -0.32397 [0.215] | 0.11803 [0.121]
Mean 0.4554627 0.471 0.4530782 0.4630692
efficiency
Gamma 0.498 0.461 0.554 0.433
Log likelihood -41578.96 -53645.729 -19288.132 -33537.615
Wald Chi2 13730.9 2214691 8501.72 10428.78
No. of obs 28622 36,359 13,762 22,594

Standard errors in brackets. *** p<0.01, ** p<0.05, * p<0.1. RD is defined as In(1+R&D).

Data come from the World Bank Enterprise Survey, China 2005.

2Domestic firms represent firms with less than 25% of foreign capital

PHMT indicates NMCs with parents in Hong Kong, Macao, and Taiwan, and OF represents firms from other foreign
countries.

As mentioned previously, the 2005 World Bank survey provides us with data that are more relevant to
our study given its broad coverage and time variations. But one potential concern is that the 2005 survey data
might not be recent enough to reflect current market situations and firm behavior. As a result, we estimate
the frontier model with a more recent 2012 World Bank Enterprise Survey on Chinese manufacturing firms to
see whether our general results hold with newer data. Ideally, we would compare the results based on these
two different datasets and address the dynamics of technical efficiency of domestic and foreign firms.
However, certain differences in sample coverage between the 2005 survey and the 2012 survey may prevent
us from performing a complete comparison of the results across these two samples. First, the 2012 World
Bank survey does not include multi-year information. Instead, data are from 2011 alone. Consequently, we
are not able to look at technical efficiency change over time or technical progress with data from the 2012
survey. Second, the 2012 survey covers a smaller sample with approximately 1600 manufacturing firms from
20 industries while the 2005 survey includes more than 12,000 manufacturing firms from 30 industries. Third,
the 2012 survey includes firms from 25 cities (in 12 provinces) in China while the 2005 survey includes firms
from 30 provinces (without specific information regarding in which cities in a province the firms are located).

We report the results based on data from the 2012 World Bank Enterprise Survey in Appendix Table 6.
These results are qualitatively similar to results in Table 3 in terms of horizontal and vertical spillovers of FDI.
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Also, foreign ownership has a negative and significant coefficient, which again indicates that foreign firms are
more efficient than domestic firms.

As two different samples are used, the estimates of technical efficiencies in the frontier model may
not necessarily be directly comparable. But we are able to explore the efficiency gap or the percentage
difference in technical efficiency between foreign and domestic firms in the 2005 sample and that in the 2012
sample and report the results in Appendix Table 7. The Appendix Table 7 results suggest that although foreign
firms are consistently more efficient than domestic firms in China, the gap between the efficiency of foreign
firms and domestic firms is shrinking over time. In other words, the average technical efficiency level of
domestic firms in China has been converging to that of foreign firms. Results based on the 2005 data show
that, on average, foreign firms are 33% more efficient than domestic firms and results based on the 2012 data
set show that foreign firms are 25.9% more efficient than domestic firms in China.> We also report the
difference in efficiency gap between foreign and domestic firms at the industry-province level over time in the
Appendix Table 8. Then we test whether the difference in the efficiency gap between
time t (t=2003, 2004, 2011) and the year 2002 is significantly negative. For example, we test
whether TE gapao11 — TE gap 2002 is significantly negative. A significantly negative change in efficiency gap over
time would suggest convergence in efficiency between domestic and foreign firms. As shown in Appendix
Table 8, the difference in efficiency gap between 2002 and 2004 is significantly negative as is the difference in
efficiency gap between 2002 and 2011. These results in general are in line with the concept of technical
efficiency convergence.

We propose a few possible reasons that may contribute to the convergence process observed in the
manufacturing industries in China, including privatization of state-owned enterprises (SOEs), improvements in
business regulations and domestic firms learning from foreign firms. In the 1980s, the manufacturing sector in
China consisted of almost solely SOEs, although individuals were allowed to open small businesses. Large
scale privatization occurred in China after the 15" National Congress of the Chinese Communist Party in 1997.
As many argue that SOEs have no real owners and hence may have fewer incentives to improve technologies
or increase income, privatization is often expected to improve firm performance and even accelerate
economic growth (Bai et al. 2009; Zhao 2013). For example, with data from 1998 to 2005, Bai et al. (2009) find
that privatization of SOEs in China increases firm sales, improves labor productivity, and raises firm
profitability. The authors also find that the benefits of privatization are sustainable and long-term rather than
transitory. With provincial data from 31 provinces over 1978-2008, Zhao (2013) finds that privatization and
inward FDI are two key factors positively influencing the economic growth in China. As privatization of SOEs
continues over time, we might observe an improvement in technical efficiency of domestic firms and
consequently a convergence of efficiency between domestic and foreign firms.

In general, market-oriented policies are expected to increase competition and encourage innovative
behaviors, which can improve long-term profitability. According to the World Bank (2013), China has been a
top performer in improving business regulatory efficiency over the past decade, establishing “a new company
law in 2005, a new credit registry in 2006, its first bankruptcy law in 2007, a new property law in 2007, a new
civil procedure law in 2008 and a new corporate income tax law in 2008” (p. 10). In addition, the first anti-
monopoly law in China also came into effect in 2008 to promote fair competition in the market. These
reforms can have considerable benefits in reducing business costs and lowering burdens of compliance, which
in turn help to improve domestic firms’ efficiency and lead to convergence.

The third possible reason for the shrinking gap in efficiency levels between domestic and foreign firms
is FDI externalities (shown in our main results). Those FDI spillover mechanisms discussed previously, such as
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demonstration, training of employees and encouraging market competition, all take time to develop as
learning requires time to occur. For example, Zhang et al. (2014) argue that the entry tenure of foreign firms
in an industry determines how much time domestic firms have to “identify, imitate, and assimilate
technologies and management practices used by the foreign firms” (p.700). The entry tenure of foreign firms
also determines how much time domestic firms have to find the best combination of these knowledge
components. In addition, the authors point out that building local business linkages is time consuming for
MNCs as well (Zhang et al. 2014). That is why foreign affiliates typically use parent firms’ existing suppliers
and start developing new local business linkages as entry tenure increases. In short, domestic firms tend to
have increased opportunities over time to learn from foreign firms and gradually realize learning gains,
resulting in the convergence in efficiency shown in Appendix Table 7.

Technical Efficiency and Malmquist Productivity Growth

In this section, we calculate the generalized output-oriented Malmquist index (Ml) to identify
different sources of productivity growth (Malmquist 1953). If the assumption of constant returns to scale is
relaxed, a generalized MI decomposes productivity growth into technical progress (TP), pure technical
efficiency change (TEC), and scale efficiency change (SEC).* The SEC represents the adjustment of the scale of
operations to achieve the technologically optimum scale of operations.

Average growth indices of TEC, TP, SEC and the Ml for each industry are reported in Table 5. All
industries in our sample exhibit productivity growth, shown by a positive change in the MI. We also note that
the majority contributions to productivity growth come from TP and TEC. The contribution from SEC is much
smaller, not surprising given our short time span. Across all firms in our sample, total factor productivity
grows at an average rate of 9.8% each year, among which efficiency improves by 3.6% and TP is 6.4%, while
there is no discernible change in scale efficiency. With regard to individual industries, smelting and pressing of
ferrous metals realizes the highest productivity growth of 13.8%, owing to a 7.8% growth in efficiency, a 6.3 %
increase in TP, and a 0.2% increase in SEC. On the other hand, printing and record medium reproduction
experiences the lowest productivity growth rate of 3.4% among all industries in our sample. Although firms in
printing and record medium reproduction achieve an annual average of 7% in TP, the average efficiency of
firms in this industry actually decreases by 3.5%.

Table 5. Productivity growth decomposition: Malmquist index, 2002-2004

All Forei Domes
firm gn tic
s firms firms®
a
Industry TE TEC TP SEC Mi TE TEC TP SEC M™I TE TEC TP SEC Mi
(lev (level (level)
el) )
13. Food 0.33 | 0.04 H 0.06 | 0.00 | 0.11 | 0.427 | 0.0 0.1 - 0.1 0.304 0.06 | 0.09 | 0.00 | 0.16
processing 8 4 8 4 4 07 00 0.0 08 3 9 4 3
02
14. Food 0.39 | 0.02 | 0.06 | 0.00 | 0.09 | 0.501 | 0.0 0.0 - 0.1 0.364 0.05 | 0.09 | 0.01 | 0.15
production 8 6 5 6 4 53 94 0.0 37 2 7 3 6
09
15. Beverage 0.41 | - 0.06 | - 0.05 | 0.549 | 0.0 0.0 - 0.0 0.375 - 0.09 | - 0.08
industry 1 0.00 | 6 0.00 O 21 98 0.0 97 0.00 7 0.00 | 5
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16. Tobacco 0.61 | 0.01 | 0.06 | - 0.07 | 0.232 | - 0.0 0.0 0.1 0.638 0.02 | 0.09 | - 0.11
processing 8 8 2 0.00 | 8 0.0 99 14 11 0 3 0.00 | 5

5 02 3
17. Textile 0.46 | 0.03 | 0.06 | 0.00 | 0.09 | 0.515 | 0.0 0.0 | - 0.1 0.446 0.04 | 0.09 | 0.00 | 0.13
industry 9 2 1 3 1 52 94 0.0 35 5 2 3 7

04

18. Garments 0.45 | 0.04 | 0.05 | 0.00 | 0.10 | 0.484 | 0.0 0.0 | 0.0 0.1 0.391 0.13 | 0.08 | 0.00 | 0.24
and other fibre | 1 6 7 3 5 77 88 06 72 9 9 8 4
products
19.Leather, 0.45 | 0.05 | 0.05 | - 0.10 | 0.516 | 0.0 0.0 | - 0.1 0.377 0.11 | 0.09 | 0.00 | 0.21
furs, downand | 2 5 8 0.00 | 8 42 86 0.0 04 8 1 4 9
related 4 19
products
20. Timber 0.36 | 0.06 | 0.06 | 0.00 | 0.12 | 0.462 | 0.0 0.0 | 0.0 0.2 0.317 0.11 | 0.09 | 0.00 | 0.21
processing 6 1 5 3 4 88 95 27 15 4 6 5 3
21. Furniture 0.39 | 0.05 | 0.06 | 0.01 | 0.11 | 0.499 | 0.0 0.0 | 0.0 0.1 0.341 0.03 | 0.09 | 0.00 | 0.13
manufacturing 4 3 1 6 0 35 90 02 29 8 3 3 5
22. 0.41 | 0.00 | 0.06 | - 0.06 | 0.537 | - 0.0 | 0.0 0.0 | 0.391 0.00 | 0.09 | - 0.08
Papermaking 6 6 5 0.00 | 2 0.0 99 06 91 3 6 0.00 | 7
and paper 3 15 4
products
23. Printingand | 0.37 | - 0.07 | - 0.03 | 0.522 | - 0.1 - 0.1 0.343 - 0.10 | - 0.04
record medium | 6 0.03 | O 0.00 4 0.0 04 0.0 26 0.04 O 0.01 4
reproduction 5 5 15 07 6 1
24. Cultural, 0.45 | 0.01 | 0.05 | - 0.07 | 0.562 | 0.0 0.0 | 0.0 0.1 0.358 0.02 | 0.08 | - 0.10
educational 2 8 7 0.00 | 2 56 85 02 26 2 9 0.00 | 3
and sports 1 7
goods
25. Petroleum 0.48 | 0.06 | 0.06 | 0.00 | 0.13 | 0.624 | 0.0 0.1 0.0 0.1 0.450 0.13 | 0.09 | 0.00 | 0.24
refining and 1 8 7 2 6 63 04 06 73 5 8 3 2
coking
26. Raw 0.43 | 0.03 | 0.06 | 0.00 | 0.10 | 0.512 | 0.0 0.1 0.0 0.1 0.415 0.02 | 0.09 | 0.00 | 0.12
chemical 8 2 6 0 0 41 03 01 57 6 6 0 4
materials and
chemical
products
27. Medical 0.49 | 0.01 | 0.06 | - 0.06 | 0.547 | - 0.0 | - 0.0 | 0472 0.02 | 0.09 | - 0.10
and 1 6 6 0.01 8 0.0 99 0.0 83 4 6 0.01 4
pharmaceutical 3 10 10 2
products
28. Chemical 0.64 | 0.04 | 0.06 | - 0.11 | 0.610 | 0.0 0.0 | 0.0 0.1 0.625 0.06 | 0.09 | 0.00 | 0.18
fibre 3 6 5 0.00 6 56 98 01 58 9 6 7 1

4
29. Rubber 0.54 | 0.00 | 0.06 | - 0.05 | 0.584 | - 0.0 | - 0.0 | 0.517 - 0.09 | - 0.06
products 1 5 2 0.02 9 0.0 94 0.0 35 0.00 | 2 0.02 | 8

6 05 54 2 8
30. Plastic 0.39 | 0.01 H 0.06 | 0.00 | 0.08 | 0.505 | 0.0 0.0 | 0.0 0.1 0.329 0.02 | 0.09 | 0.00 | 0.13
products 2 5 7 5 8 56 98 12 53 0 8 7 5
31. Nonmetal 0.41 | 0.01 | 0.06 | - 0.07 | 0.496 | 0.0 0.0 | 0.0 0.1 0.398 0.01 | 0.09 | - 0.10
mineral 0 5 4 0.00 6 82 99 14 93 7 5 0.00 | 9
products 3 1
32. Smelting 0.49 | 0.07 H 0.06 | 0.00 | 0.13 | 0.589 | 0.0 0.0 | 0.0 0.1 0.454 0.08 | 0.09 | 0.00 | 0.18
and pressing of | 6 8 3 2 8 87 99 01 60 9 4 4 6
ferrous metals
33. Smelting 0.43 | 0.05 | 0.06 | - 0.11 | 0.510 | 0.0 0.1 - 0.1 0.413 0.04 | 0.09 | - 0.14
and pressingof | 5 6 6 0.00 6 21 00 0.0 18 9 7 0.00 1
nonferrous 4 02 8

metals




34. Metal
products

35. Ordinary
machinery
36. Special
purposes
equipment
37. Transport
equipment

39. Other
electronic
equipment

40. Electric
equipment and
machinery

41. Electronic
and
telecommunica
tions

42. Instruments
and meters

43. Other
manufacturing®

Mean
Standard

deviation
No. of obs.

0.44

0.42

0.47

0.51

0.47

0.64

0.53

0.49

0.43

0.45

0.24
0
363
59

0.04

0.04

0.04

0.03

0.03

0.04

0.04

0.04

0.03

0.03

0.26
8
239
42

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.03
2
247
16

0.10
3
232
29

0.11

0.11

0.10

0.09

0.09

0.10

0.07

0.09

0.10

0.09

0.29
7
225
28

0.564

0.571

0.487

0.594

0.577

0.662

0.631

0.492

0.564

0.218

7380

0.0
17
0.0
82
0.0
81

0.0
67

0.0
36

0.0
75

0.0
76

0.1
47

0.0
41

0.2
42
486
5

0.0
96
0.0
97
0.0
98

0.0
97

0.0
93

0.0
92

0.0
89

0.0
89

0.0
64

0.0
33
502
0

0.0
03
0.0
10
0.0
08

0.0
02
0.0
01

0.0
12
0.0
04

0.0
24

0.0
00

0.1
13
471
0

0.1
07
0.1
93
0.1
76

0.1
61

0.1
27

0.1
53

0.1
31

0.2
80

0.1
04

0.2
79
457
2

0.368

0.383

0.459

0.478

0.415

0.559

0.417

0.451

0.408

0.423

0.237

28979

0.04

0.04

0.04

0.03

0.05

0.06

0.05

0.00

0.07

0.03

0.27
4
190
77

0.09

0.09

0.09

0.09

0.09

0.09

0.09

0.09

0.09

0.06

0.03
2
196
96

19

0.14

0.12

0.13

0.14

0.15

0.13

0.06

0.16

0.09

0.30
1
179
56

3Foreign firms represents firms with at least 25% of foreign capital; "Domestic firms represents firms with less than 25% of

foreign capital.

°No firm in other manufacturing industry has at least 25% of foreign capital. Data come from World Bank Enterprise Survey,

China 2005.
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Table 6. Results with world bank enterprise survey, China 2012
Panel (a): Production

function
FDI (10%) FDI (25%) Horiz., up- & down-
stream FDI (25%)
VARIABLES Coefficient Std. Coefficient Std. Coefficient Std.
err. err. err.
In(K) -0.63106*** | [0.136] | -0.61752*** | [0.136] | -0.60381*** [0.135]
In(L) 1.03011*** | [0.197] | 0.72789*** | [0.207] | 0.73756*** [0.190]
In(K)"2 0.06889*** | [0.010] | 0.06870*** | [0.010] | 0.06692*** [0.010]
In(L)"2 0.02375 [0.026] | 0.03741 [0.030] | 0.02999 [0.028]
In(K) x In(L) -0.03692 [0.028] | -0.04149 [0.028] | -0.03634 [0.028]
Constant 14.14936*** | [1.027] | 15.17329*** | [1.093] | 15.02829*** [1.065]
Industry dummies Yes Yes Yes
Regional dummies Yes Yes Yes
Panel (b): Technical
inefficiency
Size 0.185 [0.123] | -0.10661* [0.060] | -0.09477** [0.044]
Age -0.0025 [0.004] | -0.00396 [0.004] | -0.00299 [0.003]
Foreign -0.21034%** [0.095] | -0.32078%** [0.140] | -0.63451*** [0.223]
FDJ Hori 0.45449%** [0.204]
FDI YP 0.92013 [1.096]
FD| Pown -2.86719* [1.694]
Constant -0.38513 [0.305] | 0.77317** [0.351] | 0.70608** [0.277]
Mean technical 0.6994367 0.793049 0.7995556
efficiency (TE)
Gamma 0.0000453 0.0002264 0.0005139
Log likelihood -1326.7516 -1325.804 -1303.425
Wald Chi2 2866.08 2788.5 2873.09
Observations 1,098 1,098 1,084
Standard errors in brackets. *** p<0.01, ** p<0.05, * p<0.1.
Data come from the World Bank Enterprise Survey, China 2012
Table 7. Technical efficiency gap between domestic and foreign firms
Industry 2005° TE gap 2005 Industry 2012° TE gap 2012
survey survey
Food processing 40.40%
Food production 37.59% Food 33.72%
Beverage industry 46.48%
Textile industry 15.54% Textiles 29.99%
Garments and other fibre products 23.74% Garments 26.68%
Timber processing 45.86% Wood 12.75%
Papermaking and paper products 37.54% Paper 28.66%
Raw chemical materials and chemical 23.36% Chemicals 26.37%
products
Rubber products 12.97% Plastic and Rubber 22.35%
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Plastic products 53.58%

Nonmetal mineral products 24.74% Non Metallic mineral 28.28%
products

Metal products 53.17% Fabricated metal products | 24.28%
Basic metals 28.46%

Ordinary machinery 49.17% Machinery and equipment | 27.75%

Special purposes equipment 6.26%

Transport equipment 24.25% Transport machines 25.38%

Other electronic equipment 39.05% Electronics 26.17%

Electronic and telecommunications 51.61%

Instruments and meters 9.03% Precision instruments 21.90%

Average 33.01% 25.91%

TE gap is defined as the percentage difference in technical efficiency between domestic and foreign firms or TEgap =
(TEforeign_TEdomestic) -~ 100%

TEgomestic
Data come from the World Bank Enterprise Survey, China 2005 and the World Bank Enterprise Survey, China 2012

Comparison is based on 14 industries that appear in both datasets with foreign and domestic firms’ data available.
2Industry classification comes from the 2005 World Bank Enterprise Survey
BIndustry classification comes from the 2012 World Bank Enterprise Survey

Table 8. Test of technical efficiency convergence between domestic and foreign firms
(a) Change in TE Gap between 2002 and 2003 = -0.0936 [0.1315]
(b) Change in TE Gap between 2002 and 2004 = -0.4503** [0.2329]
(c) Change in TE Gap between 2002 and 2011 =-0.9786* [0.6388]
Standard errors in brackets. *** p<0.01, ** p<0.05, * p<0.1, and n = 46.
The null hypothesis states that "The change in the technical efficiency gap (TE gap) between year t and 2002 is greater or
equal to zero," where t = 2003, 2004, and 2011, indicated in statements (a), (b), and (c), respectively.
Data come from the World Bank Enterprise Survey, China 2005 and the World Bank Enterprise Survey, China 2012

We then conduct the generalized MI decomposition for foreign and domestic firms. The average
productivity growth rate of foreign firms (10.4%) is marginally higher than that of domestic firms (9.7%).
Again, efficiency improvement and TP account for the lion’s share of productivity change. In terms of TP, both
domestic and foreign firms obtain an average annual rate of 6.4%. The efficiency improvement rate is 4.1% for
foreign firms while 3.5% for domestic firms.

The difference in efficiency improvement rate between domestic and foreign firms seem to be driven
by a few industries in which domestic firms often experience a decrease in technical efficiency or show a
much lower efficiency improvement rate than foreign firms. For example, in painting and record medium
reproduction, domestic firms have a 4.6% decline in efficiency. In ordinary machinery and special purpose
equipment, foreign firms’ efficiency improves about twice as fast as domestic firms. But in about half of the
industries included, domestic firms either show an improvement in efficiency comparable to foreign firms or
achieve a faster improvement than foreign firms. These results provide some evidence of convergence in
technical efficiency between domestic and foreign firms in China.

Conclusions

With data from more than 12,000 manufacturing firms in 30 two-digit industries in China, we find that
intra-industry FDI is negatively associated with a firm’s technical efficiency. But there exists a
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complementarity between horizontal FDI and individual firm’s R&D. Our results also show that FDI in a firm’s
downstream industries increases the firm’s technical efficiency while FDI in a firm’s upstream industries
decreases the firm’s efficiency. A generalized Malmquist index decomposition also shows foreign firms on
average achieve a higher productivity growth than domestic firms in China and the difference is mainly due to
a faster technical efficiency improvement by foreign firms.

Our findings have important implications for policy makers. Positive effects of FDI on efficiency are
clearly not automatic. As a result, simply attracting more FDI may not necessarily lead to a general
productivity gain in the host economy. More importantly, since the effects of FDI can be different across
industries, we do not recommend a “one-size-fits-all” investment promotion policy. Host governments should
evaluate potential costs and benefits when inviting foreign investments and engage in “policy specialization”
to improve their foreign spillovers conditions. It is also crucial to implement policies for strengthening the
absorptive capacity of domestic firms. This can be done either through direct subsidies to firms that conduct
R&D or through economy-wide policies promoting human capital formation. There is also a need for general
policies to build modern infrastructure and increase the quality of institutions. In addition, policies that help
domestic firms to upgrade their products may be warranted so that domestic firms are more likely to
purchase intermediate inputs produced by foreign firms in upstream industries.

As in other studies, the present paper has its limitations. Because of data availability issues, we are
unable to fully explore the dynamics of technical efficiency of domestic and foreign firms over time. A
potential topic for future research that emerges from this study is to examine technical efficiency
improvements, technical progress as well as changes in scale efficiencies if a sample covering a common set of
industries over a longer time period is available (e.g. 2005-2012). Another interesting direction for future
research could be to further study heterogeneity in firm efficiency across different industries. For example,
our main results in Table 5 show substantial industry heterogeneity in terms of productivity growth and
similarly, certain industry-level heterogeneity is noted in results in Appendix Table 7 with more recent data. In
Appendix Table 7, seven of the 14 industries (based on the 2012 survey classification) in our sample exhibit
significant decline in the efficiency gap between domestic and foreign firms. The seven industries are food,
wood, paper, plastic and rubber, fabricated metal products, basic metals, and electronics. In five of the 14
industries, the efficiency gap between domestic and foreign firms seems to grow over time, which include
textiles, garments, chemicals, non-metallic mineral products, and precision instruments. The other two
industries, machinery and equipment and transport machines, do not exhibit a significant change in the
efficiency gap. Findings of future research on the variations in the results across different industries can have
significant policy implications as they provide better insights on industry-specific behaviors.

Footnotes

1.We note that Kathuria (2001) adopts a two-stage approach and estimates production and inefficiency
functions separately. The two-stage approach, compared to the one-stage approach we employ in our
paper, may potentially produce biased estimated coefficients (Kumbhakar et al. 1991).

2. It is also called the World Bank Enterprise Survey.

3. The 2005 survey includes 30 manufacturing industries and the 2012 survey includes 20 manufacturing
industries. The comparison is done based on 14 manufacturing industries that have both domestic and
foreign firms and are included in both datasets.

4. See Lovell (2003) for a detailed discussion of studies on the decomposition of Malmquist index.
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