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Abstract 
This paper aims to examine the effect of FDI on eco-efficiency performance. To serve this 

purpose, a time-dependent conditional slack-based measure model and nonparametric regression and 
test techniques are applied to BRICs during 2008-2015. It is found that there is an almost U-shape 
relationship between FDI and countries’ eco-efficiency performance among three countries of 
BRICs. 
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Introduction 
Up to now, there has been no mature theoretical framework for the impact of FDI on the 

BRICs's environment. There are few concerns about the "environmental factors" in the modern 
mainstream FDI theory. Only some of the theories imply the explanation of the negative eco-
efficiency performance of FDI. With the deepening of the research, many scholars have formed 
three kinds of research conclusions about the eco-efficiency performance of FDI with the view of 
"the transfer of pollution industry". The first is the representative point of view is harmful, 
"pollution haven" (Pollution Haven) hypothesis, that pollution intensive industries or enterprises 
from developed countries to developing countries relatively loose environmental regulation (Walter 
and Ugelow, 1979; Baumol and Oates, 1988). The second is a useful theory, representative point of 
view is "pollution halo" (Pollution Halo) that the FDI hypothesis, brought the advanced clean 
technology and environmental management system for developing countries, is conducive to the 
realization of green production and sustainable economic development (Clark, 1993; Romm, 1994; 
Cole, 2006). The third one is eclecticism. It is considered that the eco-efficiency performance of FDI 
is a complex transmission mechanism. The specific eco-efficiency performances depend on FDI's 
participation in pollution intensive industries, the effectiveness of environmental management of 
multinational corporations, and the degree of transfer of clean technologies (UNC-TAD, 2000).  

With regard to the eco-efficiency performances of "BRIC countries" introducing FDI, most 
scholars' conclusions are not optimistic. Pao and Tsai (2011) believe that there is a strong two-way 
causality between the CO2 emissions of BRICs and FDI inflows, which seem to support the 
"pollution haven" hypothesis. L PEZ (2008) believes that the impact of transnational corporations on 
the environment of Brazil and local enterprises have no significant difference. Smarzynska and 
Wei(2004) the study of Russia and South Africa shows that some evidence can be found to support 
the "pollution refuge" hypothesis. The conclusions about the effect of the introduction of FDI on the 
environment in India are not consistent. Acharyya (2009) thinks that the rapid development of 
India's introduction of FDI supports the "pollution haven" hypothesis to a certain extent. The 
empirical research results also show that the proportion of India's introduction of FDI to GDP 
increases by 1%, and CO2 emissions increase by 0.86%. Chakraborty (2010) believes that there is 
no significant causal relationship between the introduction of FDI and environmental pollution in 
India. The phenomenon of "pollution haven" usually does not happen in India. There are also 
differences on the effect of China's introduction of FDI on the environment. Youfu Xia (1999) 
thinks that part of the FDI flows to the pollution intensive industries, especially the high pollution 
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intensive industries. The technology, equipment, production processes and hazardous wastes will be 
transferred to China, which will have a negative impact on the ecological environment. The results 
of empirical research many scholars also Chinese "pollution haven" phenomenon provides evidence 
(Yang Haisheng, 2005; Li Guozhu, 2007; Wen Huaide and Liu Yulin, 2008; Zhang Xuegang and 
bell Maochu, 2010). There are also findings denying that the eco-efficiency performances of FDI on 
China are positive. The effect of FDI on the emission of 6 types of pollutants, such as industrial 
wastewater, was investigated using the panel data of 36 industrial industries in 2001-2006 years in 
China (2010). The overall sample estimates show that there is a significant positive correlation 
between FDI and the level of per capita emissions, and does not support the "pollution refuge" 
hypothesis. 

On the other hand, the relationship between FDI and sustainable environment development 
has drawn considerable attention in academic research. The trade-growth literatures hold that FDI 
can promote countries’ economic growth via technological diffusion and specialization of 
production with comparative advantage. The trade-environment literatures show great controversies 
surrounding the role of trade in environmental quality. One argument is that FDI would lead to 
environmental degradation in B R I C s  while another view argues that FDI can be a means of 
environmental improvement (Frankel, 2003).This paper adds to the existing literatures from the 
perspective of eco-efficiency performance. Eco-efficiency performance is a concept connected with 
sustainable development which measures the ability to produce more goods and services while 
minimizing resource use and environmental degradation. We aim to examine the effect of FDI on 
eco-efficiency performance in .B R I C s . To serve this purpose, we introduce a time-dependent 
conditional slack-based measure (SBM) model through integrating the SBM model developed by 
Tone (2004) and the idea of conditional efficiency analysis proposed by Daraio and Simar (2005). 
This method enables us to measure economy-wide eco-efficiency performance considering the 
influence of exogenous variables and time so that we are free from the assumption of “separability 
condition”  .The proposed method is applied to evaluate economy-wide eco-efficiency performance 
in .B R I C s  during 2008-2015. Then nonparametric regression and test techniques are employed to 
explore the effect of FDI on countries’ eco-efficiency performance 

 

Methodology 
Traditional SBM model 
The SBM model was first proposed by Tone (2001), which is a non radial and non 

directional DEA model. In other words, in the SBM model, input-output variables can be retractable 
in different proportions. The traditional SBM model can be expressed as follows. The performance 
value of the evaluation subject can be calculated by calculating the objective function. 
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Conditional SBM model 
The above radial DEA model and the non radial SBM model are all about the impact of input 

and output variables on the performance of decision makers in production activities, but no 
exogenous variables are considered. Therefore, with reference to Li et al (2017), this paper considers 
the inclusion of exogenous variables into the SBM model to measure the performance value of the 
decision maker. 

Suppose Z is an exogenous variable, but this variable affects the overall production activity. 
Therefore, any decision maker in the whole process can be represented by a set (x, y, B, z). 
Therefore, the production technology set of the conditional DEA model can be expressed as: 

   , , , ,XYB ZH x y b z prob X x Y y B b Z z      

Accordingly, it is assumed that the exogenous variable Z under the time point t is given, and 
the production possibility set can be expressed as: 
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On this basis, we can get the following DEA model: 
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In this model, the exogenous variable Z and the time variable T directly affect the position of 
the production frontier. Therefore, by solving the above model, the performance value of the 
decision maker under the influence of exogenous variables Z and T can be obtained. 
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Empirical results 
Brazil and India introduction of FDI were early; Chinese have the FDI statistics data since 

the beginning of 1980, after the reform and opening up, Russia have the FDI statistical data of 
formal independence since 1993, South Africa since 1994, after the election, there has been little 
direct investment. In order to increase the reliability and can be compared to the results of the 
empirical analysis, we choose the data from 2008-2015. The choice of FDI index in five countries 
takes into account the role of capital accumulation in economic growth. In this paper, FDI inventory 
of UNCTAD statistics is used to analyze samples, and the overall economic level of each country is 
reflected by gross domestic product (GDP).And then, For the empirical study, this paper selects oil 
input as energy input and labor force salary as capital input variables, and gross domestic product 
(GDP) as desirable output variable, and carbon dioxide emissions (CO2) as undesirable output 
variables. The GDP data are from the China Network (2017). Capital input data from the "manual" 
BRICs statistics, using the perpetual inventory method, the depreciation rate of 10.96%, with 2001 
as the base period. And the dollar is traded against a variety of currencies, in accordance with the 
exchange rate of January 24, 2018 and the energy data comes from the world energy statistics 
yearbook (2017). 

The details are as follow: 
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After the calculation, we can get some results as follows: 
Table 1 reports countries’ unconditional eco-efficiency performance scores and table 2 

reports countries’ conditional eco-efficiency performance scores, table 3 is the Nonparametric 
significance test result. The rest of diagrams are drew based on the calculated results. 

 
Table 1： Countries’ unconditional eco-efficiency performance scores 

 
 

Table 2: Countries’ conditional eco-efficiency performance scores 

 
 

Table 3: Nonparametric significance test results (P-value). 
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Diagram 1: Unconditional scores 

 
Diagram 2: Conditional scores 

 
From the above results, we can see that regardless of the traditional models or conditional 

models, the impact of FDI on BRICs' eco-efficiency performance is positive in the past 8 years, and 
the value is greater than 0.5, which is similar to some other scholars' conclusions. In some countries 
with poor development, this value will generally be less than 0.3. But BRICs are relatively 
promising developing countries in the future, so the value is relatively high. Only China is below 0.3 
in 2015. 

On the other hand, these values are greater than 0 indicating that when the BRICs accept FDI 
investment, they can have a higher GDP and reduce environmental deterioration. Based on the 
traditional model, the impact of FDI on the eco-efficiency performance of the BRICs countries is 
positive, but time does not affect it. And based on the conditional model, although not in continuous 
years, larger values of FDI can be obtained in the BRIC countries of India, Brazil China, eco-
efficiency performance with the increase of FDI value decreases first and then increases, showed a 
U-shaped relationship. This conclusion shows that when China, India and Brazil three countries had 
FDI investment in the beginning, the country's own eco-efficiency performance is greater than the 
initial eco-efficiency performance caused by introduction of FDI investment. So we can get the 
results that the environmental pollution caused by early stage of foreign investment in the three 
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countries is larger, but with the increasing of the scale of investment, foreign investment will 
gradually improve the technical level and to reduce environmental pollution to a certain extent, so 
with the amount of foreign investment increasing, the three national eco-efficiency performance 
decreases gradually. But in South Africa when foreign investment gradually increased, its eco-
efficiency performance has been reduced, according to the conclusions of other scholars in the past. 
We can get the results that South Africa is not get too much foreign investment currently. The SA is 
still in the primary stage of foreign investment, so environmental pollution caused by foreign 
investment in South Africa is going beyond the limit of their ability to reduce pollution. But in 
Russia, Russia has a long time to invest of foreign investment because of the huge amount of foreign 
investment in Russia. Therefore, its eco-efficiency performance is increasing with the increase of 
foreign investment. At this time, foreign investment will pay a positive effect on the improvement of 
Russia's environment. 

 
Conclusion 
This paper uses a time-dependent conditional SBM model and nonparametric regression and 

test techniques to examine the effect of FDI on eco-efficiency performance. This paper uses the data 
from China Network (2017) and from the "manual" BRICs statistics. And the dollar is traded against 
a variety of currencies, in accordance with the exchange rate of January 24, 2018 and the energy 
data comes from the world energy statistics yearbook (2017). In this paper, the sample covering 5 
developing countries during the period of 2008-2015 is collected for the empirical study. The main 
findings are as follows. First, the results of the nonparametric significance test suggest that FDI 
significantly affect the production process and positively affect the eco-efficiency performance. 
Second, there is a U-shape relationship between FDI and eco-efficiency among the three countries. 
Which means the countries’ eco-efficiency performance would decrease with FDI up to a certain 
level; after this level, countries’ eco-efficiency performance would benefit from FDI. In fact, these 
results are only appeared in three countries of BRICs. The South Africa and Russia are in the 
different stage of FDI. 
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