
Front. Econ. China 2011, 6(2): 271–289 
DOI 10.1007/s11459-011-0132-6 

 
 

Received November 25, 2010 
Hongbo Cai ( ) 
School of Economics and Business Administration, Beijing Normal University, Beijing 
100875, China 
E-mail: hongbocai@bnu.edu.cn 
 
Xiangjun Zhang 
School of Mathematical Sciences, Beijing Normal University, Beijing 100875, China 

RESEARCH ARTICLE 

Hongbo Cai, Xiangjun Zhang 

Off-Shoring and Labor Productivity: Evidence 
from China 

© Higher Education Press and Springer-Verlag 2011 

Abstract  This paper uses input-output tables to measure material off-shoring, 
service off-shoring and narrow sense material off-shoring on 33 industries by use 
of DJ index (Daveri and Jona-Lasinio, 2008), not FH index with “the same 
proportion assumption” (Feenstra and Hanson, 1996). It estimates the effects of 
the off-shoring on labor productivity by panel data model. Our results show that, 
the off-shoring is generally positively associated with labor productivity, and 
service off-shoring has more significant effect than the material off-shoring. 
There are some key aspects to be discussed in detail, including: (1) the heavy 
industry’s material off-shoring increases obviously and service off-shoring 
declines in recent years, and the former’s contribution to productivity growth is 
less than the latter; (2) the demand of chemical industry for service off-shoring 
significantly increases and its positive marginal effect on productivity growth is 
stronger than the material because of industry transformation and upgrading; and 
(3) the current intensive material off-shoring of textile, equipment manufacturing 
industries greatly contributes to productivity growth, while the positive effect 
from service off-shoring on labor productivity has initially boomed. In 
conclusion, we provide some suggestions for further development of China’s 
off-shoring. 
 
Keywords off-shoring, material off-shoring, service off-shoring, labor, 
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Some enterprises set relative efficient relationship overseas in the production and 
expand production on relative advantage, therefore they can reduce cost and 
improve their productivity overall. We can say that these enterprises participate 
in international division of labor by off-shoring. With globalization deepening, 
more and more enterprises have been keen on off-shoring since 1980s. According 
to American input-output (I-O) tables, Feenstra and Hanson (1996) infer that the 
import of US intermediate goods rose from 5.3% in 1972 to 11.6% in 1990. Input 
import among OECD countries goods export made up 21% of total trade volume 
in 1990. This number increased by 30% in 1970–1990 (Hummels et al., 2001). At 
the same time, the biggest developing country, China began to speed up into 
global division of labor. By undertaking off-shoring from developed countries, 
China also imports goods of developed countries as intermediate input (Liu and 
Wu, 2006; Ping, 2005). Off-shoring plays a more important role in the 
development of China’s economy. 

1  Literature Review 

When the off-shoring was enjoying a high speed and splendid development in 
1980s−1990s, relative wages of skilled workers increased, relative demand of 
skilled labor promoted and industrial productivity appeared restorative growth in 
the developed countries like the US. People suppose that comparatively fast 
ascending of off-shoring rate in these countries may be a reasonable explanation 
for the above. Accordingly, plenty of research on wage, employment and labor 
productivity effect of off-shoring are launched in academia. Arndt (1997, 1998) 
proves that, within the general equilibrium framework, import competition 
sectors can improve their competitiveness by off-shoring. Kohler (2001) perfects 
the Specific Factors Model and points out no matter whether the capital can flow 
or not, intermediate goods off-shoring will make labor demand reduce and 
relative wages lower. Besides, Amiti and Wei (2006) propose four possible ways 
off-shoring influencing the productivity: (1) Static efficiency. Off-shoring 
enterprises relocate low productivity relationships, thus changes in production 
structures lead to productivity growth; (2) Reconfiguration effect. Enterprises 
are urged to recombine by technology progress. More efficient factors inputs 
contribute to unit output expansion; (3) Learning externalities. To get 
productivity growth, off-shoring encourages enterprises to learn through the 
cooperation with export enterprises or service import; (4) Diversity. It enhances 
elements specialization and productivity increase that more new material and 
service inputs are used (Ethier, 1982). 

Generally, empirical study on productivity effect of off-shoring focuses on 
developed countries. Feenstra and Hanson (1996, 1999) and Hijzen et al. (2004) 
investigate that in US and UK manufacturing sectors, off-shoring enhances 
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relative wages and demands of skilled labor. Having searching on EU countries, 
Egger and Egger (2006) consider off-shoring has less marginal effect on 
unskilled labor’ real added value in a short term and brings up the productivity of 
unskilled labor in a long run. Moreover, Amiti and Wei (2004, 2006) find a 
number of samples should influence the study: The effect will be negative for 
450 industries’ data and it will be insignificant for 96 industries’ data. They also 
distinguish material off-shoring and service off-shoring and mention that the 
former contributes less to productivity growth than the latter. By concentrating 
652 industries in Ireland, Gorg and Hanley (2003) discover that service 
off-shoring significantly improves the productivity in downstream sectors and 
shows insignificant negative effect in upstream sectors, while material 
off-shoring has no effect in these two sectors. Amiti and Wei (2006) analyze 
productivity effect of these two kinds of off-shoring. Firstly, service off-shoring 
markedly promotes the manufacturing productivity, which contributes to 
productivity growth by 10% in sample period. Secondly, material off-shoring 
affects productivity positively, but the effect is not remarkable for all industries 
and less than service off-shoring, making only 5% contribution. Some scholars 
point out material off-shoring may have a stronger effect on productivity growth 
(Gorg, Hanley and Strobl, 2004; Gorg and Hanley, 2005). Especially, Siegel and 
Griliches (1992) propose clearly by analyzing US 4-digits manufacturing data, 
the positive effect of service off-shoring on productivity is over-estimated and its 
negative contact with productivity growth is of insignificance. 

Chinese main literatures on this issue concern that how undertaking 
off-shoring can affect domestic labor productivity in the view of vertical 
specialization or processing trade (Development Research Center of State 
Council, 2003; Hu, 2007). However, with the growth of intermediate input 
import from developed countries (Ping, 2005), it is necessary to reconsider the 
relationship between off-shoring and productivity in the position of foreign 
off-shoring country. Xu and Zhang (2008) have calculated off-shoring for 
Chinese 35 industrial sectors and estimated the effect of off-shoring on 
employment and productivity. The conclusion shows that it will promote 
productivity that the enterprises off-shore intermediate inputs which are 
originally self-manufacturing and belong to other industries. Liu and Tang (2009) 
further distinguish different effects of material off-shoring and service 
off-shoring on the China productivity. They analyze the industrial disparity of the 
effect by introducing dummy variables. We insist that the precise calculation of 
off-shoring should be chief pre-requisite for reliable research in this field. Most 
previous papers usually use FH index to calculate off-shoring rate. As lack of 
industrial import data of intermediate input, FH index is always approximately 
regarded the proportion of intermediate input import to final use of the 
production as every industrial intermediate input import proportion (the same 
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proportion assumption). Thus, the negligence of industry disparity seriously leads 
to under-estimate the value of off-shoring. 

According to I-O table,1 we recalculate off-shoring and use panel data model 
based on production function to test the effect of off-shoring on labor 
productivity in China. The next sections of this paper are organized as follows: (1) 
comparing with different quantitative methods of off-shoring, absolute 
expenditure coefficient matrix and basic flow data in I-O table to be used for 
off-shoring calculation; (2) C-D production function employed to set the test 
equation and variables, and data illustrated; (3) comparing and disscussing the 
different regression results; and (4) the conclusions and policy suggestions. 

2  Off-Shoring Rate Calculation Based on DJ Index 

At present, there are two popular means calculating off-shoring: (1) In the view 
of foreign off-shoring, it is the proportion of intermediate input import to total 
intermediate input in the production, which mostly takes developed countries as 
the sample, for example, FH index. (2) In the view of undertaking off-shoring, it 
is the proportion of intermediate input import to export, which usually takes 
developing countries as the sample, for example, VS index (Vertical Specialization, 
Hummels et al., 2001). FH index once occupied the dominance, but the neglect 
of interval off-shoring, country-disparity and industrial intermediate input import 
contribute to biased estimation. Although Geishecker (2006), Geishecker and 
Gorg (2008), Egger and Egger (2002) and Chen et al. (2005) all try to improve 
FH index, data limit of I-O table is likely to be insurmountable barrier. VS index 
concentrates on the proportion of foreign input in the production of the export 
(Amador and Cabral, 2008; Ping, 2005; Chen and Chang, 2006). Especially, VS 
index calculates the scale of input import from intermediate processed oversea 
export based on lots of information about import and export of intermediate input 
provided by processing trade statistics (Yeats, 1998; Egger and Egger, 2001; 
Helg and Tajoli, 2005; Gorg, 2000). Besides, Daveri and Jona-Lasinio (2008) 
compute the so-called DJ index using industrial import data of intermediate 
inputs in Italian I-O table. It successfully resolves “the same proportion 
assumption” of FH index, which not only simplifies the calculation but also 
enhances the precision. In similar to FH index, the DJ index has differences 
between broad sense (DJB) and narrow sense (DJN): 
                                                        
1 China Input-Output table is released every the year of last digit of 2 and 7. Extension of I-O 
table is released every the year of last digit of 0 and 5. As the shortage of industrial import data 
in the extension table and pre-1997 I-O tables, this paper uses three I-O tables of 1997 (124 
sectors), 2002 (122 sectors) and 2007 (135 sectors) for the data consistency. 
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Here, j
im  is the j th intermediate input import of the ith industry, iy  is total 

intermediate input of the i th industry. iK  is the intermediate input from its own 
for the i th industry. Narrow sense DJ index can be calculated immediately by 
the ratio of industries import to the diagonal of I-O matrix.  

VS index concentrates on the value of import input in exports. If taking the 
proportion of VS to total export as vs , we can compute the proportion of the 
industries’ intermediate import to its total output, which is the same value as DJ 
index.2 In addition, DJ index and FH index both use I-O table to compute the 
share of intermediate input import in total intermediate input, so they are nearly 
the same. Although, FH index is easy to be handled and makes more contribution 
to wide welcoming, the bias caused by its “same proportion assumption” has 
being criticized in a long period. By commencing with data, DJ index perfects 
FH index with accurate value of industrial intermediate input import. Actually, 
DJ index is not popularized because of the data limitation, so a lot of scholars 
prefer to scarify the precision by selecting FH in the foreign view and VS in the 
undertaking view. By using the absolute expenditure coefficient matrix and 
intermediate input import data from I-O table, this paper works out the amount of 
industrial intermediate input import, breaking through “the same proportion 
assumption.” Then, we compute DJ index to get the rate of material off-shoring, 
service off-shoring and narrow sense material off-shoring of China in 1997, 2002 
and 2007. 
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Here, absolute expenditure coefficient, another significant data information of 
I-O table, is the sum of direct consumption and indirect consumption of the ith 
industry when the jth intermediate input contributes to unit final product. 
Industrial absolute expenditure coefficient matrix is shown as: 
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second round of indirect consumption, and so forth. Absolute expenditure is the 
sum of direct consumption and indirect consumption every round. Suppose jM  
as the jth intermediate input import, 

 j j
ij iM b m× =  (4) 

As Eq. (4) shows that, j
im , the absolute expenditure of the jth intermediate 

input import in the ith industry. According to Eq. (1) and Eq. (2), we can calculate 
the rate of material off-shoring and narrow sense material off-shoring for 33 
Chinese industries3 while taking into account that: (1) using three I-O tables of 
124 sectors in 1997, 122 sectors in 2002 and 135 sectors in 2007 which are 
provided by National Bureau of Statistics of China; (2) considering industrial 
characteristics and keeping the consistency of calculation criterions (see Table 1); 
and (3) combining industries of I-O tables in accordance with the 2007, 
classification to match two-digit industries from China Statistical Yearbook one 
by one. In this paper, we only select five kinds of service industries, which are 
                                                        
3 Limited by the paper length, we do not list the parallelism combining I-O table, China 
Statistical Yearbooks and 33 industries. The author could provide if someone is interested in it. 
These 33 industries are: coal mining and dressing; petroleum and natural gas exploitation; 
ferrous metal ores mining; non-ferrous metal ores mining; non-metallic mining; agricultural 
food processing; food manufacturing; beverage; tobacco; textile; textile, clothing, shoe and cap; 
leather, fur, feathers products; wood processing and wood, bamboo, rattan, palm fiber and 
straw products; furniture manufacturing; paper and paper products; printing and recorded 
media industry; culture, education and sports products; petroleum, coking, nuclear fuel; 
chemical materials and products; pharmaceutical manufacturing; chemical fiber manufacturing; 
rubber; plastic products; non-metallic mineral products; ferrous metals smelting, processing; 
non-ferrous metals smelting, processing; fabricated metal products; general equipment; special 
equipment; transportation equipment manufacturing; electrical machinery and equipment; 
communications and other electronic equipments; instruments and office machinery 
manufacturing. 



Offing-Shoring and Labor Productivity: Evidence from China  277 

 

closely relevant to the production as intermediate input, to measure off-shoring 
rate of 33 industries.4 

 
Table 1  Service Industry Reclassification Adjustment 

This paper 2007 I-O 2002 I-O 1997 I-O 

Telecommunications 
and other information 
transmission services 

Information 
transmission 

services 
Communications, 

computer and 
information services Computer services and 

software 
Computer services 

and software 

Telecommunications 

Finance 
Banking, securities and 

other financial 
activities 

Finance Finance 

Insurance Insurance Insurance Insurance 

Leasing Leasing 
Business services 

Business services Business 
services 

Business 

Professional technical 
services 

Professional technical 
services 

Technical and other 
technology services

Comprehensive 
technology services 

Source: Sorted according to China Statistical Yearbook and I-O tables from National Bureau of 
Statistics of China. 

 
Fig. 1 shows that material off-shoring in China, which has been increasing 

steadily from 1997 to 2002. From 2002 to 2007, material off-shoring of most 
industries decreased obviously and individual industries rose slightly. 
Off-shoring of chemical fabric and plastic products industries stay still; 
off-shoring of textiles, textile and clothing and other traditional advantage 
industries decrease, especially textile, clothing, shoe and cap manufacturing 
industry dropping from 11.1% in 2002 and down to 4.6% in 2007, which reduces 
by 60%; and off-shoring of ferrous, non-ferrous metals smelting and petroleum 
processing industries increase more or less, thereof petroleum processing 
industry ascend from 18.9% in 1997 to 27.8% in 2007, which increase nearly by 
half. Overall in terms of absolute value for that rate, technology-intensive 
industries such as communications, other electronic equipments manufacturing 
and instruments, office machinery manufacturing are enjoying a high level of 
                                                        
4 Choosing these 33 industries, we fully consider the characteristic of all industries in I-O 
tables and try to combine similar industries and avoid roughly classification. Of course, the 
trend of similar industries off-shoring are basically consistent. Here we select 19 industries 
from 42 sectors I-O table to recalculate. The results show service off-shoring of 19 industries 
decreases, which is different from the real development of most countries. However, besides 
some heavy industries service off-shoring decreasing, service off-shoring of more industries is 
being promoted. Limited by the paper length, the author can provide all details about 19 
industries classification and calculation additionally. 
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material off-shoring. In contrast, labor-intensive industries, like textiles and 
textile and clothing, are in a low off-shoring level and keep decreasing. 

 

 
 

Fig. 1  Material Off-Shoring Change of 33 Industries in China 
 

Fig. 2 shows the service off-shoring change of 33 industries in China in 1997, 
2002 and 2007. Although Chinese service off-shoring started backward, it 
developed very rapidly these years. From 1997 to 2002, service off-shoring of 
almost all 33 industries increased. As it reached a certain scale, the speed of 
expanding slowed from 2002 to 2007. However, most industries’ service 

 

 
 

Fig. 2  Service Off-Shoring Change of 33 Industries in China 
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off-shoring already show overall upwards trend. In the industries of petroleum, 
natural gas exploitation, non-metallic mining, non-metallic mineral products etc., 
service off-shoring increased and then fell, especially in petroleum and natural 
gas exploitation, it reduced by 90% from 0.91% in 2002 to 0.11% in 2007. The 
reduction of service off-shoring occasionally emerged in petroleum, minerals and 
other heavy industries. Meanwhile, service off-shoring of beverage, culture, 
education and sports goods, pharmaceutical manufacturing and other high 
value-added industries kept increasing by more than 50% average. Thereof, 
pharmaceutical manufacturing grew from 0.03% in 1997 to 0.95% in 2002 then 
to 1.64% in 2007. 

As illustrated in Fig. 3, when compared to material off-shoring and service 
off-shoring, narrow sense material off-shoring do not change significantly. From 
1997 to 2002, the proportion of material intermediate input from China’s own 
industry declined in some industries, such as chemical fabric, rubber and plastic 
products. Chemical fabric dropped from 4.32% in 1997 down to 0.15% in 2002 
and rallied to 1.2% in 2007. The industries of ferrous and non-ferrous metal ores 
mining changed little in the same period, but markedly upgraded until 2007. 
Textile, clothing and other traditional advantage industries increased then 
decreased. Narrow sense material off-shoring of textile fell from 7.2% in 2002 to 
2.0% in 2007 seriously. Off-shoring rate (32%) of communications and other 
electronic equipment was much higher than others, whose intermediate input 
import mostly came from its own industry. Material off-shoring rate of 
instruments and office machinery manufacturing was 32% in 2002, and narrow 
sense material off-shoring rate was only 8%, mainly relying on intermediate 
input import from other industries. 

 

 
 

Fig. 3  Narrow Sense Material Off-Shoring Change of 33 Industries in China 
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3  Econometric Equation and Variable 

3.1  Econometric Equation 
 
Following C-D production function, we suppose that ( , )it it it itY A F K L=  is the 
output of the ith industry, t is the time and productivity coefficient, and itA  is the 
function of the off-shoring. Off-shoring could have some influence on labor 
productivity together through product division, production replacement, factor 
re-assortment, import overflow or externality, so it is hard to tell how off-shoring 
exactly affects labor productivity. Here, we bring all of these factors into itA . 

itK  is capital input and itL  is labor input. Taking itY  equal to ity , per capita 
output, then we apply quadratic Taylor series (Xu and Zhang, 2008) to get 
ultra-logarithmic production function:  

 

2
0 1 2 3

2
4 5

1ln ln ln ln (ln )
2

1 (ln ) ln ln
2

it it it it it

it it it

y A K L K

L K L

β β β β

β β

= + + + +

+ +
 

(5)
 

As some possible ways off-shoring affects labor productivity mentioned above, 
and non-neutral technological change from the off-shoring (Egger and Egger, 
2006), we introduce capital input and labor input into Eq. (5) to build an 
econometric equation,  

 
2

0 1 2 3 4
2 2

5 6

ln ln ln ( ln )

( ln ) ln ln
it it it it it it it it

it it it it it it it it

y O O K O L O K

O L O K L

α α α α α

α α λ μ ε

= + + + +

+ + + + +
 

(6)
 

Thereof, 0α is intercept, itε is error. itλ denotes industry-variant, time-invariant 
effect; itμ denotes time-variant, industry-invariant effect. What should be 
explained is that off-shoring term would be given three meanings: material off- 
shoring, service off-shoring and narrow sense material off-shoring. What is more, 
when regressing Eq. (6), it may engender “endogenous” problem that labor 
productivity and off-shoring cause each other in the same period. Having 
considered time-variant effect, we re-test equation joining off-shoring lagged 
variable (Olsen, 2006) for the calculation reliability. 
 
3.2  Variable and Data 
 
3.2.1  Labor Productivity 
 
yit is the output per capita of the ith industry in t period, labor productivity. Here, 
we express it with the proportion of added value of 33 industries to average 
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number of employees of every industry. For added value of industry, current 
price is converted the constant price with industrial factory price in 1997. The 
data are from China Industrial Economy Statistical Yearbook, China Urban Life 
and Price Yearbook and China Statistic Yearbook. 
 
3.2.2  Capital Input 
 
There are two methods measuring capital stock: perpetual inventory and capital 
lease. China’s popular measurements of capital stock focuses on the national or 
province capital stock (Wang and Fan, 2000; Zhang, 2004), not on industrial 
capital stock. In this paper, capital input is denoted with industry average balance 
of net fixed assets published in China Industrial Economy Statistical Yearbook 
and current price is converted at the constant price with industrial factory price in 
1997.  
 
3.2.3  Labor Input 
 
Ideally, labor input should be weighed by labor time, but the data is unavailable. 
It is usually replaced by labor population. By considering simplification and data 
availability, we use the industry average number of employees from China 
Statistical Yearbook. 

4  Result Analysis 

4.1  One Observation 
 
Before the regression analysis of off-shoring effect on labor productivity, we 
describe the relationship between foreign off-shoring and labor productivity in 
China (see Fig. 4). Let material off-shoring, service off-shoring and narrow sense 
material off-shoring correspond with industrial value per capita in different years. 
We can conclude that in 1997, industrial value added per capita and service 
off-shoring show stable positive relation. Related changes of industrial value 
added per capita and material and narrow sense off-shoring fluctuated slightly 
but rose. In 2002, service off-shoring had less effect on enhancing industrial 
added value per capita. In 2007, the movement change of three kinds of 
off-shoring and per capita industrial value added is basically identical which 
shows a relative weak positive relationship. All in all, where material off-shoring 
and narrow material off-shoring exist more obvious industrial disparity on 
promoting labor productivity, and positive effect is not strong, while service 
off-shoring may improve labor productivity more. 
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Fig. 4  Off-Shoring and Industrial Value Added per Capita 
 

4.2  Empirical Analysis 
 
We test the effect of Chinese off-shoring on labor productivity by R software. 
Firstly, for individual effect and time effect in the model, by LM test (P=0.000, 
refuse original hypothesis) and F test (P=0.507 5, accept original hypothesis),5 
we decide to use single individual effect model. Secondly, there are two 
responses to individual effect to be selected: fixed effect and random effect 
model. Hausman test refuses original hypothesis (see Table 2), so we select fixed 
effect model reflecting individual differences by specific intercept. Finally, after 
testing serial correlation by Breusch-Godfrey test (P=0.000 0, refuse original 
hypothesis), individual fixed effect panel data model is applied. 

In Table 2, model I, model  and model  correspond respectively to the Ⅲ Ⅳ

model in equation (6) taking Qit as material off-shoring, service off-shoring and 
narrow sense material off-shoring, while Model II, model IV and model VI 
correspond respectively to Eq. (6) taking three Lag(1) off-shoring. Seeing Table 
2, there does not exist much disparity between the results, thus “endogenous” 
problem is not serious. By consistent variance matrix method, white test accepts 
original hypothesis, which indicates that there does not exist heteroscedasticity. 
Considering that coefficient α6 of 2

itO lnKilnLit in every model cannot pass the 
test significantly, we remove this term. 

Although, the results above completely report the individual and mutual effect 
of three kinds of off-shoring, capital input, and labor input on labor productivity, 
quadratic Taylor series engage off-shoring into other terms confusing direct 
                                                        
5 Here taking example of material off-shoring, LM test and F test of service off-shoring and 
narrow sense off-shoring are similar to material off-shoring, so we do not over talk, the same 
below. 
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Table 2  Econometric Results 

 Model I Model II Model III Model IV Model V Model VI 

lnO K×  0.16*** 0.16*** 8.54*** 4.84* 0.42** 0.15** 
lnO L×  –0.23** –0.22*** –9.99*** –6.39* –0.55 –0.25* 

2( ln )O K×  — — –1.28*** –0.23** –0.006** — 
2( ln )O L×  0.001* — –0.34* 0.65*** –0.009 — 

osmO  –0.043**      

ossO    –11.87***    

( )osm nO      –0.39  

( ,1)osmlag O   –0.067***

     

( ,1)osslag O     –8.38*   

( )( ,1)osm nlag O       –0.12* 

(ln ,1)lag y  0.74** 0.76* 0.80** 0.97** 1.46 1.43* 

Hausman test 79.93  10.01  81.50  

F value 30.25 30.09 14.30 18.32 11.51 22.25 
2R  0.89 0.89 0.59 0.83 0.53 0.85 

Sample number 66 66 66 66 66 66 

Note: *, ** and *** show it passes the test in 10%, 5% and 1% significant level. “–” shows the 
values which are less than 1×10−4. 

 
effect of off-shoring on productivity. Thus, we take partial differential of ity  to 
off-shoring terms in Eq. (6) respectively. 

 2 4ln / ln 2 lnit it it it itd y dO K O Kα α= +  (7) 

 3 5ln / ln 2 lnit it it it itd y dO L O Lα α= +  (8) 

 
2

1 2 3 4
2

5 6

ln / ln ln 2 (ln )

2 (ln ) 2 ln ln
it it it it it it

it it it it it

d y dO K L O K

O L O K L

α α α α

α α

= + + +

+ +
 

(9)
 

Put every coefficient estimates (Table 2) and the average of upper quartile and 
lower quartile of each variable (see Table 3)6 into Eq. (7), Eq. (8) and Eq. (9), 
the results are shown in Table 4. 
                                                        
6 Quartile is, when all the values are arranged by size and divided into four same parts, the 
point which is in the positions of break point. The smallest of quartile is named lower quartile, 
mid-point is median, and the largest is upper quartile. If we take Q_1 and Q_3 to express lower 
quartile and upper quartile of data A, and Q to be average, then Q=(Q_1+Q_3)/2. Generally 
speaking, Q can eliminate the interference of the extreme value better than average. It is also 
more comprehensive to express value characteristic, which makes the result more reliable. 
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Table 3  Average of Upper Quartile and Lower Quartile of Each Variable 
y  108 304.43 ln y  11.288 49 osmO (%) 9.759 186 5 

K  119 4.67 ln K  6.815 027 5 ossO (%) 0.169 810 75 

L  118.50 ln L  4.564 0 2 ( )osm nO (%) 2.006 059 5 

 
Table 4  Marginal Effect of Off-Shoring Items on Labor Productivity 

 ln / lnit it itd y dO K  ln / lnit it itd y dO L  ln /it itd y dO  

osmO  0.16 –0.23 0.07 

ossO  5.58 –10.00 3.64 

( )osm nO  0.43 –0.55 0.40 

 
Clearly, capital input containing off-shoring affects labor productivity 

positively and the effect of labor input is negative, which shows the off-shoring 
contribution to capital-biased technical progress. Seeing direct effect of 
off-shoring on labor productivity, marginal effect of material off-shoring, service 
off-shoring and narrow sense material off-shoring are taken as values of 0.07, 
3.64 and 0.40 respectively, which means every 1% increase of material 
off-shoring, service off-shoring or narrow sense material off-shoring could bring 
0.07%, 3.64% and 0.40% increment of per capita output correspondingly. It 
indicates that although, narrow sense material off-shoring affects labor 
productivity positively, which means China labor productivity rises together with 
the growth of the industrial intermediate inputs from its own, Oosm(n) coefficient 
of model V still does not pass 10% significance level test and R2 = 0.53. This 
result is unreliable and should not be applied. Accordingly, we are sure that 
material off-shoring and service off-shoring could enhance labor productivity of 
China industries in a certain extent and service off-shoring share a stronger 
positive effect. Certainly, if further reaching the differences among marginal 
effects of three kinds of off-shoring, it may be produced by the heterogeneity of 
themselves.  

The change of the off-shoring, especially foreign off-shoring varies in different 
industries. On one hand, production capacity, productivity and industry chain of 
every industry are in different levels, and the demand and availability of material 
and service intermediate input from home and abroad, other industries and own 
industry are widely different. On the other hand, the characteristic, the present 
and future request of one industry can constrain the popularity of its off-shoring. 
The results above also report each industry (intercept) estimates of individual 
fixed effect panel data model. 

Seeing Fig. 5 individual disparities in the sample period describe different 
effects of material off-shoring and service off-shoring on industrial productivity. 
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There are more contributions from material off-shoring to productivity growth 
for the heavy industries such as coal mining and dressing, petroleum and natural 
gas exploitation, than service off-shoring. These show the contents of foreign 
off-shoring of Chinese heavy industries are mainly material intermediates while 
they have so significant influence on industrial technological changes. However, 
service intermediate is mainly from home, staying in primary stage of 
international division development. Furniture manufacturing, printing and 
recorded media industries, and culture, education and sports products and other 
productive service industries, where the off-shoring largely promote productivity 
growth, are relying service intermediate inputs heavily. So it needs to further 
increase service contents of intermediate input to enhance the competitive and 
productivity capacity. In pharmaceutical manufacturing, chemical fabric and 
rubber products industries, material off-shoring have weaker marginal effect on 
productivity than service off-shoring, which reflects that these traditional 
energetic industries are being upgraded into capital and technical intensive 
industries more or less. In this process, foreign service input helps the 
transformation and development of the industries. There are a little more 
significant effects of service off-shoring on productivity than other industries for 
electrical machinery and equipment, communications and other electronic 
equipments. However, when compared with material off-shoring in these 
industries, it shows an obvious shortage. Although, there are more and more 
service intermediates, China’s production is relying mainly on material inputs. 
Thus, improvement of labor productivity by off-shoring in most industries of 
China is still driven by material off-shoring. At the same time, new typical 
industries, which are capital and technical intensive, have reached foreign 

 

 
 

Fig. 5  Industrial Intercept α0 in Model I and Model III 
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standards, which highly rely on foreign service intermediate import. It has 
blended into international division system and lies in upper level of industrial 
chain. 

5  Conclusion 

Considering previous reviewed studies in the similar topics, the results in this 
paper are close to the conclusion of Egger and Egger (2006), and it proofs again 
that material off-shoring promotes productivity less than service off-shoring 
(Amiti and Wei, 2004, 2006).  

In summary, as the new type of international trade, off-shoring has swept 
globally. It is not only significant path to participate in new international division 
and global competition, but also the close connections between technology 
progress and productivity promotion with China’s economic development. As the 
biggest developing country, China undertakes lots of production from many 
developed countries in long term, which is called by “world factory.” Now China 
begins to regard material and service from developed countries as intermediate 
inputs, which can produce a marked effect on enterprises productivity and 
national economy by specialization, factor substitution, technology spillover, 
learning effect etc. We find that material and service off-shoring promote the 
labor productivity of industries in China and the effect of service off-shoring is 
stronger. Particularly, materials off-shoring of petroleum, metal ores mining and 
others increase significantly and service off-shoring decrease these years. The 
former contributes more to productivity growth than the latter. Service 
off-shoring of pharmaceutical manufacturing and other high value added 
industries are promoted obviously. Their marginal effect, which influences 
productivity positively, is stronger than material off-shoring. Material off-shoring 
in equipment manufacturing, especially communications and other electronic 
equipments, is developing in a high speed, which enhance industrial productivity. 
Their effects of service off-shoring on productivity are more significant than 
other industries.  

According to the conclusion, China could construct off-shoring strategy for 
further promote economic development as follows:  

(1) Off-shoring and “bring in,” “go out” 
From 1990s, Chinese government has brought in foreign direct investment 

(FDI) actively which has made China rank the 1st of FDI. The entry of 
foreign-owned enterprises forced Chinese enterprises considering global strategy, 
including funds, market and technology, etc. It is convenient for enterprises 
enhancing economic contact with abroad by off-shoring and makes chance to “go 
out” by “bring in.” 

(2) Off-shoring and globalization of heavy and chemical industries 
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Applying mainly material and service input from home and lack of deep 
openness, it cannot adapt China heavy and chemical industry to blend into 
globalization division, win the competition and keep sustainable development. 
China should continue increasing material intermediate imports and diversify 
varieties of service input imports. What is more, China should also accelerate the 
process of heavy and chemical industry globalization. 

(3) Service import and productivity promotion 
Decreasing returns to scale of off-shoring shows that material off-shoring’s 

high speed development for several decades makes its productivity effect lack of 
sustainable motivation compared with service off-shoring. Enterprises can 
enhance technical level by a large number of service inputs. Productive service 
which is closely related to industry production like communications, computer 
and information services and financial and insurance, etc., should be paid more 
attention to. They not only increase technology spillover of the import, but also 
have great positive influence on maximizing industrial associated effects. 

(4) Off-shoring and reform of traditional manufacturing 
Textile and other advantage industry, and chemical fabric, rubber and other 

traditional manufacturing industries are facing the pressure of upgrading from 
labor, resource intensive into capita and technology intensive. Technological 
changes and productivity effects of off-shoring can optimize industry structures, 
clarify inter-industry division and realize factor re-assortment of intra-industry. 
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