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Analysis on How FDI Impact Productivity in China Manufacturing
Sector based on Co-integration Test and ECM

XIN Yongrong' ?, CHEN Qi' , XIAO Junzhe?
1 NanJing University of Aeronautics and Astronautics Jiangsu, Nanjing, P.R. China, 210016
2 AnHui University of Finance and Economics Anhui, Bengbu, P.R. China, 230041

Abstract: Based on Chinese manufacturing-related data during 1980-2007, this paper firstly dose
co-integration analysis and error correction model on the foreign direct investment (FDI) and labor
productivity, then analyzes the effect of the FDI in raising labor productivity. The results show: there is
a one-way causal relationship among FDI and labor productivity. The promotions of the FDI to labor
productivity are positive whether from a long-term equilibrium or from the short-term fluctuations.
Moreover, further accumulation of FDI plays a prominent role to improve labor productivity in the
long-term.

Key words: FDI, Labor Productivity, Co-integration Analysis, Error Correction Model

1 Introduction

The role of foreign direct investment (FDI) in labor productivity growth has become a hot
academic concern, and mainland researchers have different views on it. The correct analysis of FDI
effects has a major theoretical and practical significance to the FDI introduction strategies and the
development of China's manufacturing industry. This paper reports research on the impact of FDI on
manufacturing labor productivity using explanatory variables, i.e., output, labor input, capital input and
the degree of FDI. The research shows: the cumulative FDI is associated with higher labor productivity
in Chinese manufacturing industry.

The paper is organized as follows. Section 2 reviews the relative literatures. The model, data and
methodology are introduced in section 3, followed by the results form the co-integration analysis and
error correction model (ECM) in section 4. The final section of the paper, section 5, presents the
conclusions and discusses the implications for policy-makers and company managers.

2 FDI, labor productivity and capital deepening

In recent years, the impact of FDI in the host country has been of interest to many researchers.
Most of them start from the effects of FDI to productivity in the host country. There are two main points
on this issue: parts of researchers insisted that FDI would have a positive impact on productivity.
Foreign researchers such as: Blomstrom and Wolff(1994),Basant and Fikkert(1996) have confirmed that
the productivity level of local enterprises and of transnational corporations exist convergence, and the
technology external effects or “spillovers” from multinational corporations are the important supplement
to the local manufacturers” R&D. Researcher Jie He (2000) holds that foreign-funded enterprises at
home owned the reality technology spillover effects to industrial sector, and thus thinks that the entry of
multinational companies improve the technological level of China significantly; Wenqing Pan (2003)
Comes to the conclusion that overall effect of the introduction of FDI is positive by analyzing data of
Chinese industrial sector too. But he points out the difference of technology absorption among areas is a
threshold, thus affecting the positive effect upgrading. However, some researchers insist that the role of
FDI to the host country’s technological progresses is weak, or even negative. Aitken and Harrison’s
(1?99) study shows, Venezuela's total factor productivity and FDI flows are negative correlation.
Djankov and Hoekan (2000) also found that if the share of foreign capital composed of Proprietorship,
the effect of FDI in the technology spillover was not obvious on the statistics. At the same time, there
are some domestic researchers such as Guohong Chen, Shaolin Zheng, TaoGeng Sang (2003) and
Halyang Zhang, Haiyun Liu (2004), believe that FDI into China is just to occupy the domestic market,
or simply to take advantage of the comparative advantage of cheap labor, therefore is not conducive to
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China's industrial enterprises to introduce advanced technology. .

On the study about the effects of FDI introduction to the host country, the literatures about the
impact of FDI on manufacturing labor productivity is less. We can only access to Xiaoming Zhu (2003),
Jianchu Shang (2005) and Xiaming Liu (2001). Xiaoming Zhu and Jianchu Shang analyzed the impact
of FDI on Chinese industrial labor productivity. Xiaming Liu researched the FDI to China's electronic
manufacturing labor productivity impact. They mainly used panel data to regression analysis.

Above, there are two limitations in studies: First, perspectives limited. At present, most of
researches still mainly focus on the spillover effects of FDI technical inspection, and neglect other
effects of FDI itself triggered by the transfer of technology and innovation so as to promote the
improvement of labor productivity. Second, methods limited. Due to data limitation, most of studies just
used panel data model, the impact of FDI can only be revealed in the near future on China's
technological progress, while ignoring its long-term trend. To sum up, this paper attempts to break
through the two aspects. We study the FDI impact on China's labor productivity by using co-integration
analysis and ECM Method on the basis of many researchers’ researches. And analyze the relationship
among FDI and labor productivity, and the effect brought by FDI during the long-term and short-term.
The next section of the paper details the model, data and methodology used in this study.

3 Model, data and methodology
3.1Variables declaration, data source and disposal

This paper takes the growth rate of labor productivity (LP) as the explained variable and takes the
extent of foreign direct investment (FDI), the deepening rate of capital (capital deepening, LK), as the
explaining variables. Data needed are: labor input, capital investment, outputs and the amount of foreign
investment. Sample interval is from 1980 to 2007.All the original data are from the corresponding
period of the "China Statistical Yearbook" (1981-2007) and "China's Foreign Investment Report 2007".
Some data of 2007 are collected from internet. Data introduction and disposal: labor input represented
by the annual average number of employment in the manufacturing sector; Output represented by the
total added value of manufacturing industry (production method); Capital represented by fixed assets.
The manufacturing industry end net fixed assets for conversion, and to all sectors of investment in fixed
assets price index converted into 1980 constant prices according to sustainable inventory. China’s actual
use of foreign investment will be changed into the renminbi-denominated value by the Yuan - the dollar
exchange rate1980-2007, and then be calculated in accordance with net value of fixed assets conversion
method, using the foreign-invested enterprises manufacturing fixed assets divided by stock indicators

business fixed assets stock indicators available to the target level of FDI, namely: FDI, =I§f‘ o) K

3.2Variables’ unit root test
Table 1 Sequence stationarity test’

Variable Test types(c, t, q) ADF value Critical value Test results
In LP Common t Distribution 0.02 -2.63 unstable
AlnLP {er, 1.0 1) -3.57 3 stable
In FDI Common t Distribution 0.49 -2.63° unstable
Aln FDI (c, 0, 0) -4.77 3.0 stable
In LK Common t Distribution 0.15 263 unstable
Aln LK (0, 0, 0) -4.02 3717 stable

Stationarity of a sequence is an important premise before testing the causality among variables
because the majority of economic sequence is non-stationary. Direct regression analyses easily lead to
the "false regression” emergence. So Unit root test is necessary for testing whether the variable is stable.
Natural logarithm transformation does not change the original co-integration, makes its trend linearized,
and eliminates the heteroscedasticity of time series, so we change those basic variables into the forms of
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Natural logarithm. Methods of Unit Root Test mainly are DF test, ADF test and PP test, this paper
adopts ADF test. Test results showed that the original series are non-stationary series, but first
difference sequences is stable, as shown in table 1, which can determine there maybe exist the
co-integration among those variables.

3.3Variables’ co-integration analysis
Co-integration test is the core of co-integration theory. A linear combination of the unstable

variables may be stable. This property is known as "Co-integration”. The whole of them with
Co-integration relationship means that there may be long-term balanced relationship exist. There are
many test methods of co-integration, such as: EG two-step, Johansen test, Gregory & Hansan test,
autoregressive distributed lag model, the frequency spectrum of non-return parameters, Bayesian
methods and so on. The most widely application methods are Johansen test and EG two-step test, the
latter is used in this paper. According to dynamic distributed lag model (1) we estimate the long-term
relationship among the variables for making the regression result to be as accurate as possible:

Inlp, =o;Inlp,_, +a, Inlk, +oInlk,_ + e, n fdi + o In fdi, | +c+ecm, (1)
Here, we overlooked the possible existence of multicollinearity; in fact we are not concerned a separate
regression coefficient itself, but long-term relationship they reflected on the whole. Using the OLS
estimated method, we can obtain the estimation as follows:

Inlp, =0.68441np, , +0.3237Inlk, —0.1081Inlk,_, +0.04231n fdi +0.0987In fdi_, —0.3115
_(3.89) (3.12) (-1.47) (2.05) (2.76)  (-0.39)

R*>=0.9619 R?=0.9552 F=311.9 LM=0.0294 DW=2.051,the model fitting extent is better.
We can get the long-term balanced relationship among three variables by Eq. (1):

Inlp, = B Inlk, + B, In fdi, +C : ()
Where f =(o, +05)/(1-0,), B, = (e, + ;) (1-a;) ,C =c/(1— ) ,substitute the relevant
data to the Eq. (2), thereis: Inlp=0.6831Inlk +0.44681n fdi—0.987 3)
Based on the Eq. (4) we can calculate the residual sequence:
ecm, =Inlp, —(0.6831Inlk, +0.44681n fdi, —0.987) 4)

Then test the stationarity of residual sequence, see Eq. (5), ADF value of Sequence is -5.472, less than
the critical value -1.964. It shows the residual is stable. And there is long-term balanced ratio among the
three variables contained in model, their relationship see Eq. (3).

veem, =—1.2239ecm,_ +0.4912Aecm,_, +0.6128Aecm,_, (5)
(-4.93‘"_) (2.617) Q77T

R*=0.7230 R®>=0.6795 F=6.3419 LM=-6.1371 DW=1.719
3.4Variables’ granger causality test

Table 2 Granger causality test

lag phase is 1 lag phase is 3
L A
- F P F P L A
Null Hypoth
SE SR -Stati | robab Mv ICV Stati | robab | M | IC
stic ility stic ility value | value
alue alue

In/p does not Granger Cause In [k 1.563 | 0.231 | 0.009 | 17.94 | 2.340 | 0.115 | 0.011 | 15.92
In [k does not Granger Cause In Ip 2.816 | 0.082 | 0.008 | 16.55 | 5.481 | 0.012 | 0.01 14.07
Inlp does not Granger Cause In fdi | 2.100 | 0.156 | 0.010 | 16.87 | 4.017 | 0.057 | 0.003 | 14.01

In fdi does not Granger Cause Inlp | 4.640 | 0.040 | 0.082 | 16.70 | 8.430 | 0.008 | 0.027 | 15.26

In fdi does not Granger Cause Inlk | 4.926 | 0.062 | 0.013 | 17.92 | 7.969 | 0.010 | 0.002 | 15.72
In [k does not Granger Cause In fdi | 1.629 | 0.227 | 0.007 | 16.08 | 1.714 | 0.210 | 0.015 | 14.53

Co-integration test results show us whether there is long-term balanced relationship among the
variables. But whether they constitute causality is need to further test. Granger causality test sometimes
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is very sensitive to the length of lag phase; different lag phase may be cause completely different results.
Therefore, we will do test with different lag phase which is decided by model stochastic error not exist
serial correlation, taking into account the Akaike information criterion. Results are given in Table 2:
When lag phase is 1, FDI is the Granger cause to labor productivity, but the causality is not very
significant. While lag phase is 3, FDI not only has single-direction Granger causality with labor
productivity, but also is the Granger cause to capital deepening. It also indicated that capital deepening
has single-direction Granger causality with labor productivity. And the model does not have 1 rank
autocorrelation, with a smaller AIC value.
3.5Error correction mode’ construction

Error Correction Model (ECM) is a kind of specific form of econometric model. We have tested
that Injp+ Inlkand Infdi have a long-term balanced relationship as shown in Eq. (3). If there is

co-integration relationship among variables, then their short-term balance can be expressed by ECM
according to Granger Theory proposed by Engle (1987). So we can establish ECM as:

Alnlp, =00761+0.5771Alnlp, , +02368Alnkk —0.0021AInk,_,+0.0023Aln fif, +0.0515AIn fif_,—03156e0m,  (6)
(1.86" (29"*) 253" (224" (2.09™) (6417 (-5.33")

R?=0.7893 R?=0.7665 F=6.9437,the regression coefficients have passed significance test, the
model fitted better with error correction of a negative factor, meeting reverse modified mechanism.

4 Empirical results

Granger causality test results show that: When lag phase is 1, the causality relationship among FDI
and labor productivity is not significant; while lag phase is 3, FDI is the Granger cause to both labor
productivity and capital deepening which is the granger cause to labor productivity too. These indicate:
the inflow of foreign capital is an important reason leading to capital deepening and a supplement for
insufficient capital. So it plays an important role on enhancing the capital deepening in Chinese
manufacturing industry. At the same time, foreign-funded enterprises and its subsidiary’s establish can
reduce costs of technology transfer and speed up technology’ transfer process. Thereby, it has
contribution to improve labor productivity to a certain extent. However; the impact of FDI on labor
productivity is not obvious in the short-term; it only appears gradually after a period of adjustment.
Because foreign-invested enterprises mainly through the "contagion effects”, "demonstration effect”" and
"competitive effects" to promote local enterprises to adopt advanced technology and management
experience, and it needs a period of time to reflect the effects of knowledge spreading and technology
being used on the growth of labor productivity, this feature is also reflected in ECM.

Co-integration test indicates there is long-term balanced relation relationship among labor
productivity, capital deepening and FDI in the Chinese manufacturing. The coefficient of 0.6831 implies
that 1% of increase in the rate of capital deepening will result in a 0.6831% increase in labor
productivity. This shows that capital deepening plays a positive role in enhancing labor productivity.
And the coefficient of 0.4468 implies that 1% of increase in the rate of FDI will result in a 0.4468%
increase in labor productivity too. The introduction of FDI has accelerated the growth of labor
productivity to a certain extent: Enterprises utilizing foreign capital not only introduces new technology
and equipment, but also speeds up new technology applying in the manufacturing sector through the
exemplary role of foreign-funded enterprises, the technology diffusion and the competition among
enterprises. Then prompts domestic enterprises to adopt new technology, thereby enhances labor
productivity rising effectively.

Error correction model shows that: In the short term, labor productivity growth in the current
period has a positive effect to the next level; the elastic is 0.5771, on the view that the former has a
greater influence to the latter. The role of capital deepening on labor productivity in the short-term and
long-term direction are consistent, but the former keeps a less elastic 0.2368, indicates that the effect is
smaller in short-term. And the elastic of labor productivity to FDI is 0.0023, nearing zero, then we can

insist that FDI will not have a clear impact on labor productivity in the short-term. Aln fdi_, is

statistically significant at the level of 1% implies that the effect of FDI on labor productivity growth will
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appear behind three lag phases. The elastic of them is 0.0515, increasing elastic behind three lag phases
shows that the positive impact of FDI on labor productivity will be enhanced with time passing. Error
correction also implies that if Inlp_ >0.68311nlk,_, +0.44681n fdi_, —0.987 , the current economic

system will produce a negative role; If the former is smaller than the latter, a positive correction will be
produced by current economic system. Correction efforts both of them were 0.3156, these corrections
may be derived from state macro-control and the total effects of market reacting to the market principals,
which makes the relationship among capital deepening, FDI level and labor productivity achieved
balance in manufacturing industry in the long-term.

5 Conclusions

This paper has examined the impact of FDI on labor productivity in Chinese manufacturing
industry. We can draw out below conclusions: First, FDI has a positive impact on labor productivity
growth in manufacturing industry. Co-integration test has verified the positive correlation relationships
among them in the long-term. The long-term elastic of FDI to labor productivity is 0.4468 means that
1% growth in the rate of FDI will result in a 0.4468% increase in labor productivity. We also test out the
effect of capital deepening on labor productivity, the coefficient 0.6831 suggests that the rate of capital
growth 1% change would result in labor productivity increased by 0.6831%; Second, there are 3 lag
phases approximately before the obvious impact of FDI on labor productivity appears; Third, FDI plays
an important role on enhancing capital deepening. Granger causality test results showed that FDI is an
important way to attract capital in Chinese manufacturing sector.

Findings above affirmed the positive role of FDI on labor productivity growth, this role is mainly
through the indirect effects of capital and technology, and it needs a long term to reflect technology
effect of FDI, so we can not expect that FDI will play immediate effects on the development of Chinese
manufacturing industry. The technology absorption capacity of local enterprises depends the playing of
technology effect to a larger extent. So we should keep strengthening exchanges and learning among
foreign-invested enterprises and domestic enterprises, striving to upgrade manufacturing’s digestion and
absorption capacity on advanced technology, reducing the time of technology diffusion and proliferation,
and improving domestic enterprises’ technological innovation capability on the basis of continuing to
uphold the use of foreign capital and opening to the outside world. Only in this way could labor
productivity be promoted faster. All of these have a more positive significance to the development of
Chinese manufacturing industry, or even the stable operation of national economy.
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