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FDI, trade, and spillover efficiency:

evidence from China’s manufacturing

sector

YIH-CHYI CHUANG* and PI-FUM HSUz

Department of Economics, National Chengchi University, Taipei, Taiwan and
zDepartment of Finance, I-Shou University, Kaohsiung, Taiwan

Using firm data from the 1995 Third Industrial Census of China, this paper finds
that the presence of foreign ownership has a positive and significant effect on domes-
tic firms’ productivity. Moreover, trading with more advanced countries helps China
gain access to new technology and information, which improves its productivity and
enables it to compete in international markets. It is found that China’s imports from
OECD and the four Asian Tigers, and exports to OECD have positive effects on
domestic firms’ productivity. By dividing industries into high-technology-gap and
low-technology-gap groups, it is found that the spillover effects of FDI are larger
for the low-technology-gap group than for the high-technology-gap group. However,
the estimation results of the trade-induced technology spillover effect support
the technology-gap learning theory and the significance of importing appropriate
technology.

I . INTRODUCTION

Since China adopted its open trade policy in 1979, its

annual growth rate of GDP has been 9.8% between 1979

and 1997, 7.9% from 1986 to 1990, and 11.2% from 1991

to 1997. For the past 5 years, China’s average economic

growth rate has been the highest in the world. In 1997

the total value of China’s GDP was $902.2 billion (7th in

world ranking), the total value of trade was $325.1 billion

(10th in world ranking), and flow of foreign capital was

$64.4 billion (2nd in world ranking). Therefore, interna-

tional trade and foreign direct investment (FDI) has played

an important role in China’s recent rapid economic devel-

opment. This paper intends to investigate the contribution

of international trade and FDI on China’s domestic pro-

duction efficiency since the advent of the open trade policy.

International trade and FDI can be very effective ways

of stimulating technological change for a less-developed

country. Due to a shortage of resources and a lack of

domestic savings to fuel capital investment, foreign capital

can become a critical factor for the early evolutionary

stages of a developing country. It bridges the capital gap

and speeds up the technology transfer and upgrade of

domestic industries. By selling off merchandise in the

domestic market, a foreign-invested company transfers

technology, including operation and maintenance or after-

sale services, to domestic companies. By employing local

managers and workers, foreign-invested companies teach

management, production, and marketing skills to local

employees.

International trade may also foster technology transfer.

Exposure to an international market helps domestic firms

gain access to new technology, while keen international

competition forces domestic firms to adopt technology

that is more efficient. Opening up trade not only produces

a more efficient allocation of domestic resources, but

also fosters technology transfer. Chuang (1998) points

out that trading partners and learning characteristics of
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traded goods play a very important role in the technology
diffusion from an advanced country to a less-developed
country.1

Using China’s 1995 Third Industrial Census data, this
paper examines production efficiency among Chinese
firms to see whether different types of ownership, industry,
location, production scale, and production variety produce
differences in performance efficiency. This also concerns
whether it is true that foreign-invested firms are more pro-
ductive. If they are, then does FDI increase the technology
efficiency of domestic firms? As for international trade,
does trading with more-advanced countries bring signifi-
cant technology diffusion and learning to the domestic
firms? If this is so, then does this trade-induced technol-
ogy learning effect favour a low- or high-technology-gap
industry? These issues will be focused on later in the paper.

The rest of the paper is organized as follows. Section II
analyses the properties of FDI and international trade in
China. Section III performs the production efficiency test.
Section IV examines the roles of foreign-invested firms
and the learning effect of international trade in technology
diffusion. Concluding remarks are made in Section V.

II . THE PROPERTIES OF CHINA’S FDI AND
INTERNATIONAL TRADE

Foreign investment enterprises (FIEs) in China

China’s FDI in 1997 was $45.3 billion, 70% of the $64.4
billion in foreign investment in China. In the 1980s and
1990s, the main sources of FDI were Hong Kong and
Macao (over 50%), followed by the USA and Japan in
the 1980s, and Japan and Taiwan in the 1990s. Since
1989, foreign investment from Taiwan has surged and sur-
passed that of the foreign investment from the USA, and
Japan after 1992. As of 1995, total FDI in China was $37.5
billion in which Hong Kong and Macao took a share of
54.64%, Taiwan 8.43%, Japan 8.28% and USA 8.22%.
The share of actual FDI to domestic fixed asset investment
increased from less than 1% in 1983 to a high of 17.08% in
1994, and then slightly decreased to 14.83% in 1997. This
suggests that foreign investment was an important source
of China’s domestic capital accumulation.

In foreign trade, all three types of foreign investment
enterprises (FIEs), Sino-overseas joint ventures, Sino-
overseas cooperative ventures, and sole-foreign enterprises,
focused on the domestic market in the early stages, but
then they quickly switched to the international market.
Their exports as a share of total exports was less than

2% in 1986, however, they increased rapidly to 31.5% by

1995. From 1983 to 1998, the value of China’s exports grew

at an average of 14.1% per year while that of imports grew

at an average of 12.55% per year. The import shares of

FIEs have surpassed 20% since 1990 and reached 47.65%

in 1995, because most of the materials and production

equipment for FIEs were imported from their foreign

host companies.2 As a result, the import of more advanced

machinery and equipment helped in the technology transfer

and upgrade of domestic industries as higher technology

has been used in domestic production. Therefore, the

inflow of FDI has widened the international market for

China and created China’s international competitiveness.

From the China Statistical Yearbook 1998, in 1995 and

1996 FIEs produced 19% of China’s total industrial out-

put, among which 50% were from overseas Chinese-

invested firms, which occupied a 36% share of total capital

compared to a 24% capital share owned by sole-foreign

investors. This shows the relative importance of overseas

Chinese investors in China’s foreign direct investment and

their contribution to China’s industrial production. Over

40% of FIEs’ output were in the clothing and textile indus-

tries, leather and fur products, electrical and electronics

machinery, and precision equipment. Among them, the

order in FIEs’ output share was electrical and electronics

industry (20.06–22.25%), food industry (8.62–8.70%), tex-

tile industry (7.69–6.84%), and clothes and other textile

products (6.88–6.43%).

By using the 1995 census data on FIEs, we further clas-

sify the properties of FDI into seven types of business;

namely, Sino-overseas joint ventures, Sino-overseas coop-

erative ventures, sole-foreign enterprises, village level ven-

ture capital firms, joint ventures of HMT, cooperative

ventures of HMT, and sole-HMT enterprises. Table 1

records the basic statistics of the FIEs. From Table 1, the

share of exports to total sales was highest (59%) for sole-

foreign and sole-HMT enterprises and lowest (27%) for

joint ventures of HMT. Thus, regardless of the ownership

type, exports are an important market for FIEs.

As for the profit rate or sales revenue per worker, the

highest rate was Sino-overseas joint ventures and HMT

joint ventures, and the lowest rate was Sole-foreign and

sole-HMT enterprises. The reason why sole-foreign

and sole-HMT enterprises have lower profits may be due

to local market information, for example, culture difference

and unfamiliarity in the local environment. Moreover,

there is much red tape and kinship customs in Chinese

society and such bureaucracy requires some local

network connections. Thus, without any local participants,

1 Chuang (2002) find empirical evidence from a cross-country analysis.
2 The inflow of FDI was relatively short of the outflow of foreign exchange in purchasing imported goods. For example, in 1996 foreign
firm’s imports was $75.6 billion, a 55% share of total imports. At the same time, foreign direct investment was $41.7 billions. However,
the exports of foreign firms were $61.5 billion, a net export of �$14.1 billion.
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sole-foreign enterprises will encounter many perceivable
and nonperceivable transaction difficulties.3

Joint ventures overall are more capital intensive than
single owner firms. Foreign investment in an industry is

also found to be different among the seven types of busi-
nesses. Sino-overseas joint ventures focused their invest-
ment in electronics and telecommunication equipment,
transportation equipment, and the non-metallic mineral
products industry. Sino-overseas or HMT cooperative

enterprises and HMT joint ventures concentrated on
electricity, steam, hot water production, and textiles.
Sole-foreign enterprises focused on electronics and tele-
communication, electrical machinery and equipment, and
textiles. Sole-HMT enterprises focused on electronics

and telecommunication, textiles, clothes and other textile
products.

Most FIEs are in electronics and telecommunication,
textiles, clothes, and other textile products industries.

Because all these are labour-intensive, an abundant labour

force and cheap wages seem to be the major incentive
for FDI in China. As for location and direction of trade,

most of the FIEs are located in coastal areas, for example,

Guangdong, Fujian, Jiangsu, Shanghai, Zhejiang and
Shandong and most of their exports go to the USA,

Japan and Hong Kong.

China’s international trade

After China adopted its open trade policy, its exports as
a share of GDP surged from 6.0% in 1980 to 20.3% in

1997. China’s exports to industrial countries increased gra-

dually and steadily from 44.76% in 1980 to 51.29% in
1997, while exports to Asia remained at around 40%.

China’s imports from industrial countries, however,
decreased from 73.69% in 1980 to 50.18% in 1997, while

its imports from Asia increased significantly from 8.72% in

1980 to 36.86% in 1997.

3 For example, Chinese Government policy towards wholly foreign-owned enterprises was relatively more restrictive and the Govern-
ment prohibited wholly foreign-owned enterprises from specified sectors and restricted them in others, see Lin and Png (2001). Foreign
investors in China also encountered difficulties in enforcing their rights, see Nyaw (1993).

Table 1. Basic statistics summary of foreign investment enterprises (FIEs)

FIEs

Sino-
overseas joint
ventures

Sino-
overseas
co-operative
ventures

Sole-
foreign
enterprises

Village-
run FIEs

HMT
joint
ventures

HMT
cooperative
ventures

Sole-
HMT
enterprises

Number of enterprises 49004 12405 1498 2506 8201 16020 3029 5345
[100%] [25.31%] [3.06%] [5.11%] [16.74%] [32.69%] [6.18%] [10.91%]

Employees per firm 172 184 175 183 162 171 712 157
Exports/Revenue 0.36 0.29 0.39 0.58 0.27 0.52 0.59

(0.44) (0.41) (0.45) (0.46) (0.39) (0.46) (0.46)
Exports/Investment 3.00 3.41 2.87 2.40 3.05 3.38 1.99

(17.16) (15.73) (17.10) (7.94) (17.60) (27.41) (14.55)
Profits/Investment 0.13 0.23 0.03 0.00 0.16 �0.05 0.00

(3.49) (2.76) (2.32) (0.96) (4.81) (2.28) (1.04)
Revenue/Employee 128.46 139.57 130.99 132.26 127.66 119.01 107.03

(346.80) (316.79) (307.89) (299.92) (407.42) (361.65) (208.41)
Fixed Assets/Employee 83.93 93.52 93.54 81.39 56.51 90.14 95.27 77.24

(250.82) (221.52) (204.87) (149.10) (107.74) (341.11) (288.05) (159.84)
(Unit: RMB1,000)
Sales revenue 24653 31101 23557 31894 22799 17150 16415
Export value 9437 8297 8047 23406 7492 9385 11780
Total amount of capital 11668 15299 11658 12622 10382 8573 9019

[100%] [100%] [100%] [100%] [100%] [100%] [100%]
Chinese capital 4666 7436 4145 84 5570 2676 71

[39.99%] [48.60%] [35.55%] [0.67%] [53.65%] [31.21%] [0.79%]
Foreign capital 2812 6279 3627 11259 115 104 306

[24.10%] [41.04%] [31.11%] [89.20%] [1.11%] [1.21%] [3.39%]
HMT capital 4190 1584 3886 1279 4697 5793 8642

[35.91%] [10.35%] [33.33%] [10.13%] [45.24%] [67.57%] [95.82%]
Fixed assets 13180 17805 12794 13598 5731 15148 11335 8934
Liquid assets 14203 20665 13339 14351 6126 15475 10714 9932

Note: Figures in ( ) are standard deviations.
Source: 1995 Third Industrial Census of China.
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In terms of commodity structure, manufactured prod-
ucts are the major items, comprising over 80% of both
imports and exports. The leading items among these man-
ufactured products are textile materials and products
(24.11% in exports and 11.98% in imports) and machinery,
equipment, and their parts (18.60% in exports and 35.58%
in imports). However, imports from advanced countries are
mainly machinery and equipment and their parts, while
imports from the four Asian Tigers included machinery
and equipment, textile products and plastic products.

To sum up, in terms of output or fixed capital formation,
FDI has played an important role in China’s economy.
Most FDI has concentrated on labour-intensive industries
like electronics and telecommunication equipment, textiles,
clothes and other textile products, and their major sale rev-
enues are from exports. Therefore, FDI has helped create an
international market for China. Furthermore, the heavy
imports of machinery and equipment by these FIEs from
their overseas host companies has accelerated the technol-
ogy upgrade of domestic industry. As for international
trade, the exports of FIEs have been concentrated in textile
products and machinery equipment. Most imports were
machinery equipment and parts from industrial countries.
Imports from the four Asian Tigers include machinery
equipment and parts, and textiles and plastic products.

III . PRODUCTIVITY ANALYSIS

The data for productivity analysis are from the 1995 Third
Industrial Census, published by the China National
Statistics Bureau, containing 450,000 firms.4 Due to data
limitations, as in the case of Caves (1974), Globerman
(1979), and Blomstrom and Persson (1983), labour produc-
tivity is used as the measure of production efficiency. As
there is a large stock of inventory accumulation in the
Chinese economy, sales per worker are used as the measure
of labour productivity.5 The reason for the recent build-up
of inventories in China is the unexpected decline in current
consumption. For example, final consumption as a share
of GDP dropped from 62.03% in 1990 to 58.12% in 1995,
due to increased savings for housing, an increase in precau-
tionary savings for health insurance, and an increase in
savings for education investment as a result of privatization
and reform of conventional social welfare programmes in
China. It may also partly be because under a command
economy, the production of many public or semi-public
enterprises, comprising about 80% of the whole sample,
is not guided by the market. Moreover, China’s gov-
ernment has tried to stimulate production, especially by

public-owned enterprises, so as to guarantee a high eco-

nomic growth rate to reach the economic growth target
(e.g. 8%) set by the economic plan of central government.

Jorgenson (1995) and McGuckin and Nguyen (1993)

point out that when using micro firm level data to conduct
productivity analysis, the output value model is more

appropriate than the value-added model, however, inter-
mediate inputs need to be included. Since the census data

did not contain information on intermediate inputs, as with
Wu (1995) working capital is used as a proxy for intermedi-

ate inputs. Note that some intermediate products such as

machinery and equipment, whether domestic or imported,
are considered fixed assets and classified as part of fixed

capital. Thus, the fixed capital variable already includes
these kinds of inputs.

Other intermediate products like raw materials are clas-
sified as current assets, which are part of working capital.

Working capital usually includes costs of raw materials and

bills. Therefore, working capital can be used as a proxy for
intermediate inputs.

In the empirical literature, there are many factors affect-
ing firms’ production efficiency, including capital intensity,

the age of firms, production scale and diversity, ownership
and types of business, and geographic location. It is well

understood that capital accumulation enhances labour pro-

ductivity in the neoclassical growth model. For example,
Forsund and Jansen (1977) and Albach (1980) find that

more capital-intensive firms are more efficient. Moreover,
Lang (1991) and Leamer and Thornberg (1998) discover

that firms using capital-intensive technologies pay higher
wages, which ensures greater effort and efficiency. The

older a firm is, the more likely it is to be efficient, because
it has learned from experiences and is thus more likely to

survive under keen competition.

Kopp and Smith (1980), Pitt and Lee (1981), and Green,
Harris and Mayes (1991) see that production efficiency and

the age of firms are positively correlated. However, newly-
established firms may have the advantage of adopting new

technology and thus can become more efficient. Tyler
(1979), Page (1984), and Seale (1990) find that large firms

are used to taking advantage of scale economies and thus

become more efficient. Panzar and Willing (1981) point out
that when factor inputs are shared in different production

processes or when there exists cost complementarity
between factor inputs, firms can take advantage of econo-

mies of scope to reduce their unit production costs.
Using data covering international operations of the

top European and US electronics companies over the

period 1984–1995, Castellani and Zanfei (2002) show that
multinational corporations create linkages with local firms

4There are 750 000 firms in the original data bank. Firms with insufficient data or sales revenue or fixed assets less than $1000 RMB are
excluded.
5 See also Chen (1998) for the same argument.
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to learn, accumulate, and exploit knowledge.6 However,
Pitt and Lee (1984) find that due to culture differences
and unfamiliarity in the local environment, multinational
corporations tend to be less efficient. Sterner (1990) did not
discover multinationals to be more efficient and coopera-
tives to be less efficient than ordinary enterprises, while
Levy (1981) sees that private enterprises, in general, are
more efficient than public ones.

The empirical model for production efficiency analysis
can thus be specified as follows:

LnðY=LÞ ¼ �0 þ �1LnðK=LÞ þ �2LnðM=LÞ þ �3TYPE

þ �4AREAþ �5IND þ �6RANK þ �7SIZE

þ �8SCOPE þ �9AGE þ " ð1Þ

where Ln denotes the natural logarithm, Y/L is labour
productivity, K/L is the ratio of fixed capital to labour,

M/L is the ratio of working capital to labour, and
TYPE, AREA, IND, RANK, SIZE, and SCOPE are
dummy variables for types of ownership, location, indus-
try, official affiliation, firm size, and production scope,
respectively. Term AGE denotes the age of the firm.
Appendix A summarizes the description of all variables.

Table 2 presents the basic statistics of the sample by
different types of businesses. On average, foreign and
HMT investment firms have higher labour productivity
and are more capital intensive than domestic firms. In addi-
tion, foreign firms’ location evidently has concentrated on
six provinces of the southeastern part of China, and their
products are mostly attributed to the textile, clothing,
leather, and electronic machinery industries. As expected,
foreign firms are more newly established than domestic
firms, however, there is no difference in production diver-
sification among different types of business.

6 See also Pain (2001) for an extensive study of the UK and other developed countries over the last decade to identify channels through
which multinational corporations can affect host economies.

Table 2. Basic statistics for productivity analysis

State- and
collective-owned

Private and
individual

Foreign
investment

HMT
investment Others

Samples 406602 2446 14376 22147 10118
Y/L (RMB1000/person) 51.38 97.80 137.91 120.74 83.62
K/L 24.58 26.47 91.88 87.73 49.82
M/L 27.66 38.00 114.25 100.04 53.31
AGE (year) 13.494 4.487 3.091 3.366 9.299
SCOPE 0.267 0.161 0.259 0.251 0.312
AREA

Southeast (%) 31.64 33.77 58.38 73.72 48.48
East coast 16.88 38.18 23.39 13.66 14.83
West 17.00 8.91 5.16 3.17 15.93
Central 34.48 19.13 13.08 8.90 20.76

IND
Mining (%) 6.31 3.97 0.58 0.65 4.03
Food and Beverage 12.43 10.75 12.35 8.19 10.48
Textile 9.44 13.21 24.07 27.90 10.62
Furniture 11.85 13.45 9.81 11.34 8.37
Chemical and Plastics 11.64 11.16 14.72 14.88 15.69
Basic Metal 21.48 24.20 11.41 10.76 21.54
Machinery 13.95 13.37 9.41 7.08 15.13
Electronics Machinery 5.77 6.75 12.26 12.97 9.71
Water, Electricity and Gas 2.83 0.41 0.38 0.44 2.05
Other Manufacturing 4.29 2.74 5.01 5.78 2.38

RANK
Under Central Government (%) 1.01 — 1.26 0.51 0.61
Provincial and Prefectural Government 11.74 3.19 29.45 24.41 20.28
At and Below County Level 29.21 6.99 21.26 22.85 26.38
Township and Urban 52.45 24.08 25.77 26.39 43.06
Village and other 5.59 65.74 22.36 25.83 9.68

SIZE
Large (%) 1.21 — 2.75 1.38 4.79
Medium 3.43 0.25 4.34 2.93 7.45
Small 95.36 99.75 92.93 95.69 87.75

Source: The 1995 Industrial Census of China.
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Table 3 presents the estimation results of efficiency anal-
ysis. All the explanatory variables are significant at the 5%
level. The capital intensity variable has a significantly posi-
tive (0.131, t¼ 86.80) effect, while dummy variables of dif-
ferent types of ownership are all significant. The effects are
the highest (0.331, t¼ 25.01) for private and single-owner
firms, foreign or HMT investment firms are next
(0.198� 0.102, t¼ 6.58� 2.05), while state- and collective-
owned firms are the worst (�0.041, t¼�4.07). As for loca-
tion, firms located in the six provinces in the southeastern
part of China have the highest positive effect (0.193,
t¼ 50.80), followed by eastern coastal area (0.033,
t¼ 6.46), while the west has the worst effect (�0.231,
t¼�50.95).

The effects on different types of industries are also signifi-
cantly different. The highest is the food industry
(0.350, t¼ 54.51), followed by chemical and plastics
(0.248, t¼ 29.30), electronics (0.227, t¼ 13.52), textile
(0.227, t¼ 12.74), basic metal (0.147, t¼ 18.53), machinery

(0.118, t¼ 14.16), furniture (0.081, t¼ 21.52 , andwater, elec-
tricity, and gas (�0.065, t¼�15.00). Firms affiliatedwith the
central government or townships have positive effects (0.150
or 0.430), and firms affiliated with a province or county
have negative effects (�0.007 or �0.004). Large firms have
a positive effect (0.282, t¼ 18.41) compared to a negative
effect (�0.309, t¼�35.54) for small firms, implying the exis-
tence of economies of scale to a certain degree.

Firms that produce more than one product also tend to
be more productive (0.086, t¼ 2.43), which may suggest the
existence of economies of scope. However, the age of a firm
has a negative effect (�0.012, t¼�84.00). That is, newly
established firms are, in general, more productive than
older firms. This favours the argument that newly estab-
lished firms tend to adopt more efficient production
technologies.

The estimation results imply that private, individually
owned, foreign or HMT investment firms in general tend
to be more productive. Those that are large scale, newly
established, diversified in production, centrally or town
affiliated, located in the southeast area, and related to
industries such as food, chemicals, electronics, machinery,
and textiles also tend to be more productive. These char-
acteristics mostly coincide with the features of FIEs and are
consistent with the surge of international trade analysed in
Section II. Likewise, FIEs may spillover their know-how to
domestic firms and thus promote the technology upgrade
of the domestic industry. The next section will further
investigate the technology diffusion effects of FIEs and
trade-induced learning from trading with more advanced
countries.

IV. TECHNOLOGY DIFFUSION OF
FOREIGN FIRMS AND LEARNING
EFFECTS OF INTERNATIONAL TRADE

The effect of FDI on technology spillover in the literature is
inconclusive. Using cross-sectional data, Caves’s (1974)
study of Australia, Globerman’s (1979) study of Canada,
Blomstrom and Persson’s (1983) and Kokko’s (1994) study
of Mexico, and Chuang and Lin’s (1999) study of Taiwan
all found a positive and significant effect of FDI on domes-
tic firms’ productivity by the host country. In contrast,
Kokko et al.’s (1996) study of Uruguay found an insignif-
icant effect. Using time series data, Blomstrom and Wolff
(1989) show a productivity convergence trend between
Mexico’s local firms and foreign firms. However, Haddad
and Harrison (1993) conclude that the rapid productivity
growth of Morroco’s local firms could not be attributed to
its foreign-invested firms.

Following empirical works by Caves (1974), Globerman
(1979), Blomstrom and Persson (1983), Kokko (1994),
Kokko et al. (1996), and Chuang and Lin (1999), factors
that affect production efficiency include capital intensity,

Table 3. Estimation results of productivity analysis

Coefficient t value

Constant 1.796** (106.57)
K/L 0.131** (86.80)
M/L 0.437** (286.116)
TYPE

State- & Collective-owned �0.041** �(4.07)
Private & Individual 0.331** (25.01)
Foreign Investment 0.198** (6.58)
HMT Investment 0.102** (2.05)

AREA
Southeast 0.193** (50.80)
East Coast 0.033** (6.46)
West �0.231** �(50.95)

IND
Mining 0.032** (10.14)
Food and Beverage 0.350** (54.51)
Textile 0.227** (12.74)
Furniture 0.081** (21.52)
Chemical and Plastics 0.248** (29.30)
Basic Metal 0.147** (18.53)
Machinery 0.118** (14.16)
Electronics Machinery 0.227** (13.52)
Water, Electricity, and Gas �0.065** �(15.00)

RANK
Central Government 0.150** (9.06)
Provincial & Prefectural �0.007** �(10.21)
At and below County level �0.004** �(6.43)
Township & Urban 0.430** (69.21)

SIZE
Large 0.282** (18.41)
Small �0.309** �(35.54)

SCOPE 0.086** (2.43)
AGE �0.012** �(84.00)
Observations 455,689
Adj. R2 0.360

Notes: The reference groups for the dummy variables are other
enterprises for TYPE; other manufacturing for IND; Central for
AREA; Village and others for RANK; Medium for SIZE.
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market concentration, scale economies, and export perfor-
mance. To analyse the effect of technology diffusion by
FDI and the possible learning effect of international
trade, the share of foreign capital is further included to
capture the FDI effect and distinguish the share of imports
and exports by two groups of trading partners, OECD
countries and the Four Asian Tigers (FATS), namely
Hong Kong, Korea, Singapore and Taiwan.7 For the test
of technology spillover, firm data is further aggregated into
industrial data.

As China is a huge economy and its industrial develop-
ment is more regionally oriented, the sample is divided by
provinces.8 Thus, the empirical model for tests of industry-
wide technology spillovers and trade-induced learning is
specified as

LnðY=LÞij ¼ �0 þ �1LnðK=LÞij þ �2LnðM=LÞij þ �3Hij

þ �4SCALEij þ �5FDIij þ �6IOECDj

þ �7IFATSj þ �8EOECDj þ �9EFATSj þ vij

ð2Þ

where Ln denotes the natural logarithm, i is an index for
industry, j is an index for province, Y/L is the sales revenue
per worker, K/L is the capital labour ratio, M/L is the
working capital per worker, H is a measure for market
concentration, SCALE is a measure for scale economies,
FDI is a measure of foreign direct investment in the
industry, and IOECD, EOECD, IFATS, and EFATS are
import and export shares for OECD countries and FATS,
respectively. See Appendix B for a complete definition of
all variables. Note that as the imported fixed capital or
intermediate products are already taken into account by
variables of fixed and working capital, our import variable
in Equation 2 should not show any significant effect on
productivity unless it captures some effects of technology
transfer as proposed in this paper.

Data analysis

All data except trade variable are from the 1995 Third
Industrial Census of China. The 455 689 original samples
are further divided into 26 two-digit industries and 30
provinces and cities.9 As some provinces and cities may
not have all 26 industries, a total of 766 sample points
are available. As pointed out by Caves (1974), the proxy
for FDI is more appropriate to measure in terms of input
rather than output. Likewise, two proxies, the share of
foreign firms in fixed assets and the share of foreign firms

in employment, are used as alternative measures of FDI in
the industry. The data on international trade are from the
China Custom Statistics, and the commodity trade of 26
industries is obtained from an aggregation of a four-digit
HS classification.

Table 4 summarizes the basic statistics of the 26 indus-
tries. Higher labour productivity is found for food, petro-
leum refinery and coal and tobacco industries, while the
tobacco and petroleum refinery and coal industries also
present higher capital intensity. As for the share of foreign
firms in terms of fixed assets, the chemical fibre industry
has the highest (36.9%), followed by plastic materials
(31.4%) and textiles (31.1%). In terms of labour employed,
the leaders are chemical fibre (17.0%), fur and leather
products (15.3%), and clothes and other textile products
(15.0%). Both market concentration and production scale
are found to be highest for tobacco and chemical fibre
products. Exports to OECD countries as a share of total
sales are highest among stationary and sportswear prod-
ucts (91.7%), furniture (88.7%) and clothes and other textile
products (82.3%), while that to the FATS are mainly
clothes and other textile product (47.6%) and precision
equipment (29%). Imports from OECD are highest among
precision equipment (65.2%) and general and specific
machinery (42.5%), while those of the FATS are chemical
fibre products (40.3%) and plastic materials (31.5).

Estimation results

We first check the correlation coefficient of all explanatory
variables of Equation 2 and find that China’s trade with
OECD and FATS is highly correlated, 0.557 for imports
and 0.826 for exports. To avoid a multicollinearity problem
in regression, first, a regression is run on the imports
(exports) of FATS to that of OECD and take the residuals
as the proxies for imports (exports) of FATS. This pro-
cedure excludes the possible indirect trade effect of
OECD through its trade with FATS on Chinese firms.
The two proxies for FDI are also highly correlated around
0.857, implying that the input measures of FDI are rather
consistent whether in terms of fixed assets or employment
level.

The estimation results in Table 5 show that the two
proxies for FDI are positive and significant, which means
the existence of positive spillovers from FDI. As argued in
most studies, foreign-invested firms may transfer technol-
ogy so as to foster domestic production efficiency through
imports of advanced machinery and better materials, inter-

7According to the 1995 China Custom Statistics, Taiwan, Korea, Hong Kong, and Singapore rank 2, 4, 5, and 7 in China’s imports and
9, 4, 1, and 7 in China’s exports.
8 Zhu and Lu (1998) find significant technology spillover in the provincial boundary of China. Berthelemy and Demurger (2000) confirm
the fundamental role played by foreign investment in provincial economic growth in China.
9 The 26 two-digit industry classification can be found in Table 4. The 30 provinces and cities are Beijing, Tianjin, Hebei, Shanxi, Inner
Mongolia, Liaoning, Jilin, Heilongjiang, Shanghai, Jiangsu, Zhejiang, Anhui, Fujian, Jiangxi, Shandong, Henan, Hubei, Hunan,
Guangdong, Guangxi, Hainan, Sichuan, Guizhou, Yunnan, Tibet, Shannxi, Gansu, Qinghai, Ningxia, and Xinjiang.
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Table 4. Summary of basic statistics for technology diffusion analysis

Sample
Y/L
(RMB

K/L M/L
$1000)

FK FL H SCALE EOECD IOECD EFATS IFATS

Manufacturing 766 55.31 24.35 30.98 0.200 0.085 0.064 0.107 0.214 0.111 0.105 0.073
(46.41) (23.34) (26.29) (0.186) (0.107) (0.145) (0.135) (0.291) (0.143) (0.111) (0.096)

Food processing 30 117.51 40.08 52.59 0.140 0.063 0.018 0.047 0.170 0.135 0.086 0.007
(48.00) (15.26) (32.56) (0.127) (0.057) (0.033) (0.057)

Food manufacturing 30 45.59 26.50 25.97 0.210 0.089 0.030 0.070 0.026 0.010 0.020 0.002
(18.82) (7.57) (9.91) (0.170) (0.083) (0.066) (0.079)

Beverage 30 43.51 32.74 33.84 0.215 0.098 0.046 0.082 0.004 0.002 0.018 0.000
(17.29) (15.94) (12.01) (0.180) (0.097) (0.076) (0.100)

Tobacco 25 140.74 69.34 96.76 0.07 0.052 0.475 0.459 0.004 0.021 0.035 0.002
(99.77) (57.38) (70.59) (0.234) (0.202) (0.286) (0.255)

Textile 30 43.89 18.76 25.78 0.311 0.141 0.041 0.094 0.039 0.058 0.092 0.060
(21.52) (5.29) (9.53) (0.220) (0.167) (0.094) (0.092)

Garment and other fibres 30 32.19 10.07 16.31 0.278 0.150 0.021 0.081 0.823 0.026 0.476 0.045
(20.12) (2.58) (4.89) (0.209) (0.141) (0.026) (0.075)

Leather, and fur products 30 48.30 15.29 28.80 0.272 0.153 0.061 0.097 0.757 0.07 0.132 0.124
(26.74) (4.49) (10.17) (0.179) (0.124) (0.134) (0.120)

Wood products 30 44.72 17.99 20.29 0.197 0.078 0.029 0.091 0.264 0.03 0.091 0.030
(21.16) (6.08) (8.16) (0.150) (0.058) (0.050) (0.083)

Furniture 30 39.56 14.59 20.94 0.187 0.073 0.034 0.08 0.887 0.04 0.269 0.037
(18.98) (6.35) (7.52) (0.166) (0.079) (0.050) (0.050)

Paper and paper products 29 43.83 19.93 19.78 0.156 0.053 0.02 0.092 0.020 0.132 0.036 0.094
(18.77) (6.31) (7.65) (0.155) (0.071) (0.033) (0.071)

Printing 30 29.45 18.86 17.86 0.191 0.044 0.02 0.075 0.017 0.022 0.012 0.012
(14.99) (7.23) (7.02) (0.165) (0.058) (0.033) (0.066)

Education and stationary 29 31.51 12.38 18.79 0.251 0.105 0.06 0.126 0.916 0.067 0.259 0.047
(continued on next page)

1
1
1
0

Y
.-C

.
C
h
u
a
n
g
a
n
d
P
.-F

.
H
su

D
ow

nl
oa

de
d 

by
 [

N
at

io
na

l C
he

ng
ch

i U
ni

ve
rs

ity
] 

at
 1

9:
55

 2
2 

A
ug

us
t 2

01
2 



(continued from previous page)
(14.50) (4.77) (6.78) (0.211) (0.133) (0.075) (0.096)

Petroleum and coal 28 132.81 38.92 55.66 0.07 0.032 0.115 0.122 0.118 0.018 0.072 0.071
(91.13) (23.11) (41.71) (0.099) (0.042) (0.174) (0.071)

Chemical materials and products 30 61.43 28.82 33.18 0.177 0.07 0.033 0.074 0.088 0.116 0.044 0.052
(28.79) (7.26) (11.19) (0.141) (0.063) (0.119) (0.113)

Pharmaceutical products 30 57.14 34.87 49.26 0.229 0.142 0.062 0.134 0.026 0.019 0.012 0.002
(39.96) (15.18) (25.09) (0.141) (0.121) (0.102) (0.102)

Chemical fibre products 28 61.76 26.95 28.75 0.369 0.170 0.249 0.294 0.059 0.219 0.203 0.402
(25.31) (16.41) (12.40) (0.315) (0.173) (0.277) (0.207)

Rubber products 29 39.75 19.99 21.18 0.104 0.045 0.059 0.137 0.037 0.035 0.018 0.034
(19.09) (7.39) (4.91) (0.129) (0.068) (0.073) (0.115)

Plastics products 30 51.00 25.58 26.63 0.314 0.105 0.039 0.091 0.147 0.227 0.093 0.315
(22.43) (22.11) (13.46) (0.164) (0.083) (0.109) (0.130)

Non-metallic products 30 31.73 18.66 15.75 0.098 0.025 0.008 0.053 0.053 0.03 0.052 0.011
(13.85) (8.87) (7.36) (0.095) (0.029) (0.026) (0.040)

Base metal and Coal 29 109.62 45.07 47.98 0.113 0.054 0.038 0.086 0.030 0.052 0.032 0.017
(71.03) (69.58) (47.68) (0.085) (0.046) (0.101) (0.085)

Metal products 30 48.38 17.84 25.76 0.163 0.047 0.019 0.055 0.182 0.165 0.121 0.096
(19.14) (5.89) (6.86) (0.153) (0.064) (0.049) (0.068)

Machinery 30 40.45 19.98 26.27 0.11 0.038 0.022 0.068 0.086 0.425 0.053 0.119
(18.26) (11.83) (8.39) (0.098) (0.040) (0.065) (0.103)

Transportation and equipment 30 44.13 19.66 27.11 0.168 0.062 0.026 0.062 0.041 0.107 0.032 0.019
(21.15) (9.44) (11.68) (0.142) (0.062) (0.043) (0.056)

Electrical and electronics machinery 30 50.87 24.35 36.63 0.263 0.103 0.062 0.092 0.158 0.212 0.118 0.090
(22.98) (21.32) (14.15) (0.178) (0.104) (0.185) (0.178)

Precision instruments 29 35.67 14.75 28.79 0.292 0.126 0.114 0.162 0.531 0.652 0.290 0.181
(18.16) (5.92) (10.46) (0.221) (0.136) (0.165) (0.167)

Other Manufacturing 30 34.86 11.20 18.94 0.251 0.095 0.05 0.052 0.056 0.015 0.054 0.027
(19.35) (4.02) (8.14) (0.176) (0.099) (0.103) (0.032)

Note: Figures in parentheses are standard deviations.
Sources: 1. The 1995 Industrial Census of China. 2. China Foreign Economics Statistical Yearbook, 1996.
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national competition, and training of local managers and
workers. Therefore, one expects to see that the larger the
share of FDI in the industry, the greater the technology
diffusion and hence the higher the production efficiency of
the industry.

The coefficients of market concentration and production
scale are negative and significant. These imply that a higher
market concentration reduces competition and incentive to
cut costs and upgrade efficiency,10 and they also mean that
large firms encounter diseconomies of scale. The reason
here is that China is still a centrally-controlled/planned
economy, centred in state-owned and collective enterprises,
which are not guided by the market. State-owned and col-
lective enterprises also tend to be large organizations with
complex hierarchical structures and hence may encounter
diseconomies when the production scale increases.

As for the trade-induced productivity effect, China’s
imports from both OECD and FATS have positive and
significant productivity effects. However, the effect of
FATS is greater than that of the OECD; the former is
0.664–0.872 and the latter is 0.335–0.394. From previous
data descriptions, we know that most of China’s imports
from FATS are in the form of chemical and fibre products,
plastic products, and machinery and equipment, while
its imports from the OECD are mainly in the form of
machinery and equipment (46.2%). These results imply
that imports of materials and machinery from advanced
countries are conducive to the upgrading of its domestic

technology. However, the larger effect from FATS (versus
that from OECD) suggests that the imports of appropriate
technology are more important than merely imports of
state-of-art technology from the most advanced countries.

As for exports, only exports to OECD have a significant
positive effect.11 By trading with more advanced countries
and being exposed to keen international competition, a
country can learn skills, including management, produc-
tion, and marketing from its trading partner. In order
to meet the quality requirement and product specifications
of the advanced country, the advanced country also
teaches or guides the domestic firms: for example, the
case of original equipment manufacturing (OEM) by
many brand-name companies from the OECD illustrates
this fact. Hence, these results support the argument of
the trade-induced productivity effect that a country
can promote its productivity via trading with more
technologically-advanced countries.

Technology gap and technology diffusion

As trading with advanced countries may foster a country’s
productivity, the next question is to what extent does the
technology gap between the two trading countries matter?
Is it true that there always exists the advantage of back-
wardness? For this purpose, we further divide our sample
into two groups: a group with a high technology gap and a
group with a low technology gap. Following Kokko (1994)
and Kokko et al. (1996), the difference of average sales
revenue per worker between foreign-invested firms and
domestic firms is used as the measure for the technology
gap. Samples with calculated technology gap higher than
average are taken as the group with a high technology gap,
while samples with a value lower than average are classified
as the group with a low technology gap. The average value
of the technology gap is 1.9, resulting in 286 samples in the
high-technology-gap group and 387 samples in the low-
technology-gap group.

The estimation results in Table 6 show that FDI has a
significant and positive productivity effect on both groups,
however, the effect is significantly higher for the low-
technology-gap group (0.959–0.608) than for the high-
technology-gap group (0.431–0.363).12 These results imply
that the higher the technical capability of the domestic
firms, the easier it is for them to absorb new technology
and hence have a larger effect of technology diffusion. This
finding supports the claim of Cantwell (1989) whereby only

10 In the literature, the effects of market concentration on production efficiency are inconclusive. Blomstrom and Persson (1983) and
Kokko (1994) consider higher market concentration as greater market power, which may have a positive impact on productivity. Caves
and Barton (1990) find a non-linear relationship between market concentration and production efficiency; positive when the market
concentration ratio is below 35% and negative when it is above 35%.
11 The insignificant effect of China’s exports to FATS may imply that FATS also learn from their exports to OECD, too.
12 In Table 6, comparing two regression models, we perform the Chow test (1960) to test the equality of the estimated coefficients. See, for
example, Gujarati (1995, Chapter 8.8). These results can be obtained by request from the author.

Table 5. Regression results for technology diffusion and trade-
induced learning

Model (1) Model (2)

Constant 1.496** (0.00) 1.620** (0.00)
KL 0.206** (0.00) 0.152** (0.00)
ML 0.543** (0.00) 0.569** (0.00)
FK 0.478** (0.00)
FL 0.721** (0.00)
H �0.971** (0.00) �0.982** (0.00)
SCALE �2.694** (0.00) �2.809** (0.00)
EOECD 0.205** (0.01) 0.184** (0.00)
IOECD 0.355** (0.03) 0.394** (0.00)
EFATS 0.020 (0.94) 0.001 (0.98)
IFTAS 0.664** (0.00) 0.872** (0.00)
Observations 673 673
Adj. R2 0.679 0.677

Notes: Each regression also includes an industry dummy; figures
in the parentheses are p values; * and ** represent statistically
significant at 10% and 5% level, respectively.
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domestic firms with higher technical capability can enjoy
the technology diffusion from foreign-invested firms.13 As
in the previous analysis, market concentration and produc-
tion scale have negative effects on both groups.

The results of the trade-induced productivity effect on
both groups are in a state of divergence. Imports from
OECD and FATS have a positive and significant produc-
tivity effect for both groups; however, the effect is signifi-
cantly higher from OECD for the low-technology-gap
group and from FATS for the high-technology-gap group.
These results reinforce the previous findings of appropriate
technology assertion. Moreover, the import learning effects
jointly from both OECD and FATS were significantly
larger for the high-technology-gap group than for the
low-technology-gap group. These results support the
technology-gap learning theory, for example, in Chuang
(1998).

Only the group with a low technology gap had the
export learning effect, which was mainly derived from
exports to OECD. This finding suggests that exports to
more advanced countries are a necessary, but not sufficient,
condition to promote technology learning. A threshold of
technical capability may be required so that products can
survive under strong international competition and hence
the country enjoys export-induced learning. In contrast,
firms with low technical capability will struggle in the inter-
national market and thus hinder the extent of learning
from advanced countries.

V. CONCLUDING REMARKS

By using data from the 1995 Third Industrial Census
of China to examine manufacturing firms’ production

efficiency, it is found that firms which are private, indivi-

dually owned, foreign-invested from Hong Kong, Macao,

and Taiwan, large scale, newly established, more produc-

tion diversified, centrally or township located, in the south-

eastern area, and in the food, chemical, electronics, and

machinery industries are all more productive. Two proxies

of FDI, measured by the share of fixed assets or number

of employees, both show positive and significant produc-

tivity spillover effects. Hence, the higher the ratio of

FDI in the industry, the greater the technology spillover

and the higher the productivity of the industry. However,

market concentration and production scale exhibit negative

effects on productivity.

Positive trade-induced technology diffusion effects are

also identified for China’s imports from OECD and

FATS and for exports to OECD. Imports of machinery

and equipment from advanced countries enable a coun-

try to upgrade its technology and streamline domestic

production. Exports to more advanced countries also

enable a country to learn and gain access to new

technologies, including management, production, and

marketing skills.

The sample is further divided into two groups, a high-

technology-gap group and a low-technology-gap group, to

test to what extent the effect of technology diffusion

depends on the technology gap between foreign and

domestic firms. Significant technology spillovers by FDI

are found on both groups of low and high technology

gaps. However, the effect on the low-technology-gap

group is stronger than that on the high-technology-gap

group. This implies that the technology spillover effect of

FDI is positively correlated with the capability level of

domestic firms. The negative effects of market con-

13 These results are also consistent with Kokko et al.’s (1996) study for Uruguay. However, Kokko’s (1994) study of Mexico found
different results.

Table 6. Estimation results of technology spillovers and trade-induced learning effects

Model (1) Model (2)

Low technology gap High technology gap Low technology gap High technology gap

Constant 1.752** (0.00) 1.357** (0.00) 1.834** (0.00) 1.361** (0.00)
KL 0.199** (0.00) 0.165** (0.03) 0.143** (0.03) 0.170** (0.04)
ML 0.472** (0.00) 0.606** (0.00) 0.525** (0.00) 0.655** (0.00)
FK 0.608** (0.00) 0.431** (0.00)
FL 0.959** (0.00) 0.363 (0.13)
H �0.868** (0.00) �0.499 (0.22) �0.837** (0.00) �0.428 (0.31)
MES �2.935** (0.00) �3.415** (0.00) �3.015** (0.00) �3.553** (0.00)
EOECD 0.144** (0.05) 0.165 (0.13) 0.114 (0.14) 0.202 (0.11)
IOECD 0.419** (0.00) 0.424** (0.01) 0.437** (0.00) 0.483** (0.00)
EFATS 0.110 (0.73) 0.073 (0.88) 0.127 (0.70) 0.020 (0.96)
IFTAS 0.285** (0.02) 0.937** (0.02) 0.484* (0.07) 1.320** (0.00)
Observations 387 286 387 286
Adj. R2 0.697 0.719 0.697 0.714

Notes: Each regression also includes an industry dummy; figures in the parenthesis are p values;
* and ** represent statistically significant at 10% and 5% level, respectively.
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centration and production scale are also found in both
groups.

As for the trade-induced learning effect, results are
inconsistent. The import learning effect is found for both
groups; however, the effect is larger from OECD for the
low-technology-gap group, while the effect is larger from
FATS for the high-technology-gap group. This implies the
significance of importing the appropriate technology. The
importing of material and equipment from more advanced
countries provides solid examples for domestic firms to
follow, and the learning of appropriate technology pro-
vided from less advanced countries is more efficient than
that from more advanced ones.

The learning effects of imports, whether from OECD or
FATS, are larger for the high-technology-gap group than
for the low-technology-gap group. Thus, the results sup-
port the technology-gap learning theory. In contrast, the
export learning effect can only be found in exports to
OECD for the low-technology-gap group. The reason
may be that learning from more advanced countries
requires certain thresholds of technical capability.

The findings suggest that for trade-induced learning,
imports of appropriate technology are more effective than
imports of state-of-art technology; although exports to
more advanced countries are a prerequisite condition for
export learning, however, a threshold of local technical
capability is indeed required. Summarizing, FDI increases
the productivity of domestic firms, while opening trade
with more advanced countries provides additional channels
for domestic firms to learn and gain access to new technol-
ogy. Thus, China’s case study provides a developmental
strategy for less developed countries to follow.
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APPENDIX A: DEFINITIONS OF VARIABLES FOR PRODUCTIVITY ANALYSIS

APPENDIX B: DEFINITIONS OF VARIABLES FOR TECHNOLOGY DIFFUSION AND
TRADE-INDUCED LEARNING

Variables Definitions

Y/L Sales per employee
K/L Fixed assets per employee
M/L Working capital per employee
TYPE Types of ownership dummies include state- and collective-owned, private and

individual, foreign investment, HMT investment, and other enterprises.
AREA Area dummy includes Southeast, East coast, Central, and West.

Southeast: Shanghai, Jiangsu, Zhejiang, Fujian, Shandong,
and Guangdong;

East coast: Beijing, Tianjin, Hebei, Liaoning, Guangxi, and Hainan;
Central: Shanxi, Inner Mongolia, Jilin, Heilongjiang, Anhui, Jiangxi,

Henan, Hubei, and Hunan;
West: Sichuan, Guizhou, Yunnan, Tibet, Shannxi, Gansu,

Qinghai, Ningxia, and Xinjiang.
IND Industry dummy includes mining, food and beverage, textile, clothing and leather,

wood, furniture, and paper, petroleum, chemical, and plastics, basic metal, machinery,
electric machinery, other manufacturing, and water, electricity, and gas industries.

RANK Dummy for ranks in administrative relationship includes central, provincial and
prefectual, county and street, township, and village and others.

SIZE Dummy for firm size includes large, medium, and small.
AGE The age of a firm is defined as 1995 minus the established year of the firm.
SCOPE Dummy¼ 1 for producing more than one products, 0 otherwise.

Variables Definitions

Y/L Sales per employee
K/L Fixed assets per employee
M/L Working capital per employee
FK Fixed assets of foreign investment enterprises as a share of fixed assets in the industry
FL Number of employees in foreign investment enterprises as a share of the total number of

employees in the industry
H Industry concentration ratio is defined as the square of the relative market share of firms in the industry

(see Blomstrom and Persson, 1983)
SCALE Industry’s scale economy is defined as the average of firms’ sales revenue relative to the minimum efficient scale

(MES) of the industry. The MES of an industry is defined as the average sales revenue of firms with a market
share greater than 50% (see Cory, 1981)

EOECD Value of exports to OECD as a share of total industry sales
IOECD Value of imports from OECD/total industry sales
EFATS Value of exports to FATS/total industry sales
IFATS Value of imports from OECD/total industry sales
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