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Abstract. Under the background of global warming, how to reduce carbon emissions and realize green and
sustainable development in China is worth exploring. Firstly, this paper makes theoretical analysis, and
considers that FDI in producer services can reduce the carbon emission of manufacturing industry by
optimizing the input structure of manufacturing industry, improving the productivity and technical level,

and enhancing the management ability and resource allocation ability of manufacturing enterprises. Then,
using the panel data of China's industries from 2004 to 2014, this paper uses two-way FE method to carry
out empirical test, and finds that the increase of FDI in producer services can significantly reduce carbon
emissions. Therefore, it is necessary to actively guide multinational corporations to invest in China's
producer services industry, to promote green and sustainable economic development.

1 Introduction

Reducing carbon dioxide emissions and slowing climate
warming is a major environmental problem facing all
countries in the world. With the rapid economic growth,
China is facing the problem of increasing carbon
emissions. In order to coordinate economic development
and environmental problems, the report of the 19th
National Congress of the Communist Party of China
continues to emphasize the need to promote green
development and establish and improve the economic
system of green and low-carbon circular development.
Under the background of the New Normal, the issue of
how to promote the "mode transformation and structure
adjustment "of China's economy and realize the green
development of economy has been widely concerned.

Producer services have the characteristics of
knowledge intensive, low pollution, low consumption,
high output and high employment, which can optimize
the industrial structure and provide an effective way to
realize low-carbon economy[1].However, there are some
problems in China's producer service industry, such as
the development is relatively backward and the structure
is unreasonable. In order to develop producer service
industry, the relevant documents of the State Council put
forward that ‘further expand the opening-up, guide
foreign-funded enterprises to set up producer service
enterprises in China’. Therefore, the impact of foreign
direct investment (Hereinafter referred to as FDI) on
industrial carbon emissions is worth exploring.

1.1 Related work

The existing studies on the environmental effects of FDI
mainly start from the field of manufacturing industry.
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The internationally recognized viewpoints include the
"pollution paradise hypothesis" proposed by Walter and
Ugelow (1979) and "pollution halo hypothesis" proposed
by Kevin Grey and Duncan Brank (2002), the former
thinks that the transfer of heavy pollution and high
energy consuming industries by  transnational
corporations to developing countries will bring negative
impact on the ecological environment of developing
countries, the latter thinks that transnational corporations
can bring high standard production mode and advanced
technology to the host country, thus helping to reduce the
emission of local pollutants. Further studies suggest that
the relationship between FDI and carbon emissions in
manufacturing industry is nonlinear and will be affected
by other factors, such as the level of intellectual property
protection [2] and the level of human capital [3].

In terms of the impact of FDI in service industry on
the environment, a study have found that FDI in service
industry drives the upgrading of industrial structure
through capital effect and technological effect, and both
FDI in service industry and upgrading of industrial
structure can restrain CO2 emission in China [4].
Although there are few studies on the environmental
effects of FDI in the service industry, the existing
literature has widely focused on the impact of service
industry development on the environment, including the
research on the impact of industrial structure adjustment,
producer services agglomeration, and the manufacturing
sertivization on the environment.

1.2 Contributions

There are few studies on the impact of FDI in service
industry on carbon emissions. This paper innovatively
focuses on producer services and explores the impact of
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FDI in producer services on industrial carbon emissions
at the industry level. To clarify the relationship between
FDI in producer services and industrial carbon emissions
is of great significance to maintain high-quality
economic development and strengthen the construction
of ecological civilization in the new normal period.

2 Theoretical analysis

2.1 Optimize the input structure

FDI in producer services can optimize the input structure
of manufacturing industry. Firstly, service factor input
partially replaces energy factor input, thus reducing
energy consumption in manufacturing process [5].
Producer services are used to meet the intermediate
needs of the production process. The input of producer
services can make manufacturing enterprises extend to
high value-added links such as R&D and after-sales in
the value chain. In order to obtain more benefits,
enterprises will choose to increase the input of producer
services, which will reduce the input of energy elements,
and reduce carbon emissions in the production process.
Secondly, producer services FDI can directly provide a
variety of high-quality service products, and can also
reduce the price of local service products through
competitive effect. Therefore, manufacturing enterprises
are more willing to choose service outsourcing. Service
outsourcers have higher efficiency and can achieve the
same service function with lower energy consumption.
Finally, because producer services are independent from
the manufacturing industry and have a natural and close
economic relationship with the manufacturing industry,
green producer services can embed the concept of green
development into the manufacturing industry, produce
radiation effects, and drive the green development of
manufacturing industry [6].

2.2 Increase productivity and technical level

FDI in producer services can improve the productivity
and technical level of manufacturing industry, and the
improvement of productivity and technical level is
conducive to reducing carbon emissions. Producer
services FDI can promote downstream manufacturing
enterprises to choose service outsourcing. This
specialization makes enterprises invest more capital in
the R & D of core technology, to improve the technical
level of enterprises. Producer service industry runs
through the whole process of production, needs the
intermediate ~ products  provided by  upstream
manufacturing industry. In order to obtain intermediate
products that meet the demand, foreign-funded
enterprises in service industry will not only provide
technical guidance to manufacturing enterprises directly,
but also force manufacturing enterprises to improve
technology and production efficiency with higher
product standards. On the one hand, technological
innovation controls pollution emissions from the source,
on the other hand, it enriches pollution treatment
methods, saves treatment costs, and provides the

possibility for enterprises to prevent and control pollution
from the front-end links of production [6]. The
improvement of production technology often means that
the same products can be obtained with less intermediate
investment, and the improvement of resource utilization
rate is helpful to reduce carbon emissions.

2.3 Improve management and resource
allocation capability

FDI in producer services can improve the management
level and resource allocation ability of manufacturing
enterprises. High quality producer services can
strengthen the internal and external connections of
enterprises, and improve the overall planning ability of
enterprises and optimize the allocation of resources. For
example, within an enterprise, information technology
services help to establish office automation systems,
strengthen the links between departments, realize
information resource sharing, and help management
make decisions. Information technology can also help
enterprises establish enterprise resource planning system,
carry out supply chain management, and better optimize
enterprise  resources.  Outside the  enterprise,
transportation and communication technology can help
enterprises to strengthen their ties with other enterprises
in the upstream and downstream of the industrial chain,
to make more reasonable purchase and sales plans.
Between the enterprise and the market, the business
consulting service can help the enterprise to understand
the market, so that the enterprise can adjust the
production plan according to the market demand, and
avoid excessive production and waste of resources. In
addition, foreign-funded enterprises in producer services,
which are relatively rich in capital and technology, often
have advanced organizational management level and
marketing capabilities, which not only provides learning
opportunities for local service enterprises, but also breaks
through the industrial boundaries to carry out technology
spill-over to manufacturing enterprises, which helps local
enterprises improve their operation and management
level

3 Empirical research

3.1 Variables

The explained wvariable is carbon  emission
(€05)including the CO2 emissions from the combustion
of 17 fossil fuels and the production process of cement
industry, the calculation method is based on Cai et al. [7].
The main explanatory variable is FDI penetration rate
(SFDI) of producer services. In order to distinguish the
differential impact of FDI in producer services on
different manufacturing industries, this paper uses the
methods of Arnold [8] for reference, and constructs the
index of FDI penetration rate of producer services. The

calculation methods are shown in equations (1) and (2).
SFDL, = X fdige X Viet (1)

Yis = a:’s+znm= 1 Qg Ay + ZE:1 anzlaskakmami +- (2)
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In formula (1), fdis; represents the actual amount of
FDI in producer services s in period t,y;s: is the de-
pendence degree of manufacturing industry i on service
industry s in t period, which is measured by Leontief's
complete consumption coefficient (see equation (2)), and
reflects direct consumption and indirect consumption.
The greater y¥;s:, the more dependent the manufacturing
industry's production activities on service intermediate
input. The greater the fdiss, the greater the impact of
FDI on the manufacturing industry.

The control variables include: industry size (SCALE),
measured by the total output of each industry; industry
factor intensity (KL), measured by the ratio of capital
return to labour return; labour productivity (LP), meas-
ured by average value added per employee; manufactur-
ing FDI level (MFDI), measured by the proportion of
total assets of enterprises with foreign investment and
investment in Hong Kong, Macao and Taiwan in total
assets of all industrial enterprises [9].

3.2 Model setting

This paper aims to explore the impact of FDI in producer
services on manufacturing carbon emissions. Therefore,
the model is constructed with FDI penetration rate of
producer services as the core explanatory variable and
carbon emission of manufacturing industry as the
explained variable. In order to explore the impact of
variable changes, logarithm is taken for all variables as
shown in formula (3).
InCO5; = By + B1INSFDI; + BoInSCALE; + B3InKLy;
+B4InLPy + BsInMFDIy + & 3)
In equation (3), i represents industry, t represents
time; &;:is the error term; 8, and f;_c are constant and
the coefficients corresponding to the variables.

3.3 Data

This paper selects the panel data of 17 sub sectors of
China's manufacturing industry (by matching industry
classification standards of different databases) from 2004
to 2014 as samples, and according to relevant policy
documents and literature, 5 industries are selected as
producer services. The data of carbon emissions are from
the results calculated by Cai et al. [9] according to the
CEADs database; the data for calculating the complete
consumption coefficient are from China's national
input-output table of WIOD (2016 Edition); the data of
industry scale ,value added, employees number and
factor intensity are from the SEA of WIOD (2016
Edition); the FDI actual amount of producer services and
the data needed to calculate FDI in manufacturing
industry are from China Statistical Yearbook
(2004-2014).

4 Results and analysis

Firstly, the multicollinearity test was carried out, and the
results showed that VIF < 10, indicating that there was
no obvious multicollinearity problem among variables.
Secondly, F test, time effect test and Hausman test were

conducted, and the results were significant, indicating
that there were both individual effects and time effects.
Therefore, tow-way FE model should be used for
estimation, and the results are shown in Table 1.

Table 1. Model Regression Results.

Variable Two-way FE model
-1.247*
InSFDI
! (0.610)
1.102%%**
INSCALE
! (0.306)
0.629%*
InKL
" (0.291)
~ *
InLP 0.816%*
(0.244)
InMFDI 0.241
(0.217)
_CONs -0.110
(6.631)
Industry fixed effects Yes
Year fixed effects Yes
F test 309.75%**
N 187

Note: *, ** and *** are significant at 10%, 5% and 1%,
respectively. @the values in parentheses are corresponding
standard errors.

According to the results in Table 1, for every 1% in-
crease in FDI in producer services, the carbon emission
of manufacturing industry will decrease by 1.24%, and
the result is significant at the level of 10%, which verifies
the hypothesis of this paper, that is, FDI in producer ser-
vices helps to reduce carbon dioxide emissions of manu-
facturing industry.

In terms of control variables, the impact of industry
size and industry factor intensity on carbon emissions is
significantly positive, which indicates that the expansion
of industry scale and the relative increase of capital fac-
tors will promote carbon emissions; the coefficient of
labour productivity change is negative, which indicates
that improving labour productivity helps to reduce car-
bon emissions; the coefficient of manufacturing FDI
change is not significant, he possible reason is that the
increase of FDI in manufacturing industry can both pro-
mote and restrain carbon emissions under different cir-
cumstances.

5 Conclusion

Based on the panel data of China's industries from 2004
to 2014, this paper theoretically analysis the impact of
FDI in producer services on industrial carbon emissions,
and then verifies it through the two-way FE model. It is
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found that FDI in producer services can reduce industrial
carbon emissions by optimizing the input structure of
manufacturing industry, improving productivity and
technical level, as well as the management level and re-
source allocation ability of manufacturing enterprises. To
sum up, it is necessary to develop producer services con-
tinuously, actively guide multinational companies to in-
vest in China's producer services, and promote the de-
velopment of local producer services through benign
competition and technology spill-over, to promote eco-
nomic development and reduce industrial carbon emis-
sions.
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