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Chinese society’s unique characteristics present challenges with regard to discovering
new ways to tackle tremendous environmental problems. This paper examines the effect
of provincial social capital on environmental performance in China. In the first stage of
the analysis, we measured the environmental performance levels of the 2011-2017 panel
data of 30 provinces in China. We did this using data envelopment analysis (DEA). After
introducing the concept of social capital, we innovatively built the social capital index
system based on China’s national conditions and measured social capital data from
three perspectives. Then, we used the Probit regression model to explore the effect of
social capital on environmental performance. The results show that the environmental
performance of the well-known and better developed regions of China (such as Beijing,
Shanghai, etc.) is significantly higher than other regions. Social capital and environmental
performance are related in general. However, the effect of social capital on environmental
performance is heterogeneous in different regions. They are more consistent in the
eastern and southwest regions but are less stable in other regions. Among the three
types of social capital, structural capital has the most obvious benefits for environmental
performance. This is followed by relational capital and innovative capital. Furthermore, it
has been found that the proportion of the tertiary industry in GDP and the level of social
trust are the largest indicators of the rates at which structural capital and relational capital
contribute, respectively, to environmental performance.

Keywords: social capital, environmental performance, data envelopment analysis, China, innovative capital,
structural capital, relational capital

INTRODUCTION

China is currently facing tremendous environmental pressures (Liao, 2018; Hang et al., 2019; Zhang
et al., 2019a). The government has tackled these in various ways, such as by promoting the use of
clean energy and introducing tough policies (Zhang et al., 2019¢), and have achieved good results
(Zhang and Li, 2018; Zhang et al., 2019b). However, these methods often overlook Chinese society’s
specific characteristics and pose their own challenges. The trends of social space segmentation and
structural solidification make protecting the environment difficult. For this reason, we start from
the perspective of social capital to try and find new ways to solve environmental governance.

The concept “social capital” was first used by sociologists. Specifically, Granovetter
was the first to conceptualize social capital. According to the World Banks Social
Capital Initiative, social capital refers to collective actions taken by the government
and civil society for the mutual benefit of an organization. Similarly, according to
the Organization for Economic Cooperation and Development (OECD) (Healy and
Coté, 2001), social capital is a network that promotes cooperation within and among
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groups. This network contains norms, values, and
understandings that are recognized by group members.
Unfortunately, the multifaceted nature of social capital has
meant that it has a wide range of definitions in the academic
literature, with no consensus on how it should be measured
(Svendsen and Svendsen, 2009). In general, social capital can be
understood as an association between individuals or groups. It
refers to the social networks, reciprocal norms, and resulting
trust that people get from their positions in the social structure.

Putnam et al. (1994) and Knack and Keefer (1997) all found
that there is a positive correlation between social capital and
economic phenomena. Similarly, Pretty and Ward (2001) argue
that social capital can increase cooperation and participation
within a given community, resulting in greater collectivism and
increased willingness to protect natural resources. Jones (2009)
claims that social capital is positively related to the achievement
of environmental goals because social capital is associated with
the individual perceived costs and benefits of environmental
policies. Moreover, Halkos and Jones (2012) show that certain
forms of social capital, especially social norms and trust, are
positively related to people’s willingness to pay for environmental
taxes. With adequate social capital, citizens are more inclined
to protect their environment because they expect their peers to
do the same. Similar conclusions were found by Polyzou et al.
(2011), Liu et al. (2014), and Czajkowski et al. (2015).

Bjornskov and Méon (2015) point out that social capital
may also influence environmental behaviors depending on the
quality of the government, the institutional framework, and
the degree of corruption. Fredriksson et al. (2004) found a
negative correlation between corruption and the outcomes
of energy policies in a sample of OECD countries. Grafton
and Knowles (2016), however, found no significant causal
relationship between various elements of social capital and
several indicators of environmental quality. That being said, they
did acknowledge the complexity of social capital and suggest
that it needed further research. Peiré-Palomino and Picazo-
Tadeo (2018) analyzed the relationship between social capital and
environmental performance in the European Union and they
failed to reject the hypothesis that social capital has no effect on
environmental performance.

At present, the Chinese government is yet to realize the
importance of social for solving environmental problems.
Starting from the unique perspective of social capital, therefore,
this paper addresses it with respect to the characteristics of
Chinese society. Based on original first-hand data from the
Chinese Social Survey (CSS), we calculate the elements of social
capital that are more in line with China’s national conditions.
On the basis of these results, the effect of social capital on
environmental performance is studied. The results of the research
highlight the heterogeneity of social capital in different regions
and demonstrate how different types of social capital contribute
to environmental performance. The results can provide a more
powerful and China-oriented basis for the formulation of
future policies.

The remainder of the paper is organized as follows: section
Methodology and Data describes the methodology and data,

section Results and Discussion presents the results, and the final
section offers a summary and a conclusion.

METHODOLOGY AND DATA

Measurement of Environmental

Performance

To measure environmental performance, we selected the method
of data envelopment analysis (DEA). This method has been
widely used in performance measurement and has proven
effective for measuring energy efficiency (Blomberg et al., 2012;
Wang et al., 2013, 2018; Wu et al., 2013; Blancard and Martin,
2014; Xue et al., 2015) and environmental performance (Zhou
etal., 2006, 2007, 2008; Jin et al., 2014). However, real production
processes often generate undesirable outputs; these should be
reduced as much as possible in order to ensure optimal economic
efficiency. DEA cannot handle this problem automatically. Tone
(2001) established the slack-based measure (SBM) model as a way
of addressing this limitation. Due to its ability to solve problems
of input-output slack and avoid the influence of radial and
oriented choice, the SBM model has become the most powerful
and popular tool for evaluating efficiency. It has been successfully
used to evaluate the performance of banks (Juo et al, 2012;
Avkiran and Cai, 2014), airports (Yu, 2010), the environment
(Na et al., 2017; Cecchini et al., 2018; Wang et al., 2019), and
more. For this reason, the SBM model was chosen to measure
environmental performance. The SBM model is shown below.
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p represents the environmental performance; m represents
the number of decision-making units (DMU); p represents
the number of desirable outputs; g represents the number of
undesirable outputs. The numerator in the p formula represents
the ratio at which the amount actually invested by a given
evaluation unit can be reduced relative to the average of the
production front; that is, the input is invalid. The denominator
indicates the actual output of the evaluated unit relative to
the production. x;; (i = 1, 2,...,m) represents the ith input
indicator of DMUj; yy (d=1,2,...,p) represents the dth
desirable output indicator of DMUj; byj (u = 1, 2,. .., q) denotes
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TABLE 1 | Statistical description of input and output variables.

Mean Max Min Std
Input Labor 10° people 26.41 67.67 1.86 17.92
Total social water consumption 10* million cubic meters 1.96 591 0.23 1.45
Energy consumption 107 tons coal equivalent 14.27 38.72 0.44 8.38
Desirable output GDP 10’ RMB 22.02 84.05 0.61 17.36
Undesirable output CO, emissions 108 tons 6.01 27.40 0.65 4.90
Total industrial wastewater 108 tons 22.59 93.83 0.46 18.41
Industrial sulfur dioxide pollutants 10* tons 55.29 182.74 0.35 40.23
Industrial nitrogen oxides pollutants 10* tons 53.66 180.11 0.35 39.33
Industrial smoke dust pollutants 10% tons 50.93 179.77 0.35 37.99

the undesirable output indicator of DMUj; 57~ € R,s?— €

R4, and sﬁ_ € RY represent the slack variable of the input, the
desirable output, and the undesirable output.

We have selected the appropriate indicators and data sources
based on this particular model. According to literature review
(Zhou et al., 2006, 2007; Wang et al., 2013; Wu et al., 2013; Jin
et al., 2014; Wang et al.,, 2019), we find that capital investment,
labor input, social water consumption, energy consumption,
GDP, carbon dioxide (CO,) emissions, industrial wastewater,
and industrial emissions are the most used indicators. However,
capital investment is somewhat relevant to social capital, so we
didn’t choose it as our indicators. Starting with the 12th Five-
Year Plan, data from 2011 to 2017 was selected. As there are no
data for the Autonomous Region of Tibet, the DMUs add up to a
total of 30 provincial administrative units. Each DMU has three
types of inputs, one type of expected output, and five types of
undesired outputs. The inputs are as follows: labor input (xy;),
total social water consumption (xj), and energy consumption
(x3j). The desirable output is GDP (yy;). The five undesirable
outputs are carbon dioxide (CO;) emissions (by;), total industrial
wastewater discharges (byj), industrial sulfur dioxide emissions
(b3j), industrial nitrogen oxides emissions (bgj), and industrial
smoke dust emissions (bsj). The data sources used are the China
Statistical Yearbook and the China Energy Statistics Yearbook.

From a geographic perspective and a convenient picture
display, we divided 30 DMUs into six regions: Northeast China
(Heilongjiang, Jilin, and Liaoning), North China (Beijing,
Tianjin, Hebei, Shanxi, and Inner Mongolia), East China
(Shanghai, Jiangsu, Zhejiang, Jiangxi, Anhui, Fujian, and
Shandong), Central South (Henan, Hubei, Hunan, Guangdong,
Guangxi, and Hainan), Northwest China (Shaanxi, Gansu,
Qinghai, Ningxia, and Xinjiang), and Southwest China
(Chongqing, Sichuan, Guizhou, and Yunnan).

The calculation of CO, emissions is based on the net calorific
value and CO; emission factor data of various energy sources
issued by the 2006 IPCC Guidelines (Eggleston et al., 2006) for
National Greenhouse Gas Inventories. These data are combined
with the regional energy balance sheets of each province in order
to ensure that the calculation results are more realistic. The
following energy varieties should be included as comprehensively
as possible: raw coal, clean coal, other coal washing, coke, coke
oven gas, crude oil, gasoline, diesel, kerosene, fuel oil, petroleum

coke, natural gas, liquefied petroleum gas, and other petroleum
products. This is a total of 14 kinds of energy varieties. The
specific calculation based on the IPCC Guidelines is as follows:

Z CO, = Z C; x NCV; x CEF; x COF;

Where CO, is the carbon dioxide emission of energy, C; is the
actual consumption of the ith type of energy source, NCV; is
the net calorific value of the ith energy, CEF; is the carbon
dioxide emission factor of the ith energy, and COF; is the carbon
oxidation rate of the ith energy source. For ease of calculation, the
COF,; is taken as 1. The statistical description of input and output
variables are shown in Table 1.

Measurement of Social Capital

When it came to assessing the measurement of social capital,
we referred to a wide range of studies. We found that scholars
usually divide social capital into several categories in order to
measure it. Based on their various categories and indicators
(Putnam et al., 1994; Grootaert et al.,, 1999; Pretty and Ward,
2001; Villalonga-Olives and Kawachi, 2015) and considering
China’s special national conditions, we have identified three types
of categories. These are innovative capital, structural capital, and
relational capital. The evaluation indicators for each category are
shown in Table 2.

Since CSS data are currently only available up until 2015,
and as the Chinese government began to implement the
Environmental Protection Law in 2015, when studying the effect
of social capital on environmental performance, we only used
data from 2015. This is to ensure that the research results are
more instructive for future national policy developments.

We used the entropy method to process the data concerning
social capital. In general, if the weight of an indicator is smaller,
it demonstrates that the greater the degree of variation of the
indicator value, the more information is provided, and the greater
the role that this indicator should play in the comprehensive
final evaluation.

The weights of the final calculated indicators are shown
in Table Al. After measuring the index weights by using the
entropy weight method, the data were synthesized into a
comprehensive index.
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TABLE 2 | The social capital indicator system.

Category Variables Data Sources

Innovative capital  The proportion of undergraduate
education or above in scientific and
technological activities

Number of patent applications
Number of people in R&D activities

Funding for R&D activities

Regional statistical
yearbook

Structural capital ~ Age structure of permanent population Regional statistical
(15-64 years old) yearbook
Proportion of women in the permanent

population

The tertiary industry accounts for the

proportion of GDP

Relational capital ~ Social equity level China Social Survey
(20152

Social participation willingness

Social trust level

Social security level

aThe relational capital data used in this paper comes from the China Society of Social
Sciences major project “China Social Survey (2015)” This survey was conducted by the
Institute of Sociology of the Chinese Academy of Social Sciences, and the project leader
is Li Pei-lin. Thanks to the above institutions and personnel for providing assistance with
data.

RESULTS AND DISCUSSION

The Results of Environmental Performance
According to the index system elaborated in section Methodology
and Data, we collected and pre-organized the data before
calculating the environmental performance level (EPL) of each
province in 2011-2017 according to the SBM model. The final
results are shown in Figure 1.

The above charts show the level of environmental
performance in Chinas six major regions from 2011 to
2017. From the results of the EPL, it is not difficult to see that
the best-performing provinces are Beijing, Tianjin, Shanghai,
Jiangsu, Shandong, Guangdong, Inner Mongolia, Hainan, and
Qinghai. Other provinces in these regions, as well as all the
provinces in the Northeast and Southwest, have a performance
level of <0.2. The most noteworthy province is Zhejiang,
which has been technically effective since 2014. Our analysis
suggests that the reason for this is related to Zhejiang Province’s
introduction of tough environmental regulations in early 2014.

It can also be seen from this analysis that the EPL of various
provinces in China is improving year by year. Nonetheless, the
eastern region still performs better than the central and western
regions. Looking at these figures in more detail, it becomes clear
that the EPL of the provinces other than those at the frontier
are essentially not fluctuating. The EPL of the provinces in the
northeastern regions has declined slightly in recent years, and
the EPL of the provinces in other regions has increased slightly
in recent years.

Social Capital Measurement Results

The final measurement results of social capital level (SCL) are
shown in Figure 2. It can be seen from Figure 2 that the eastern
coastal areas and the Beijing province have the highest levels of
social capital. The overall trend is a gradual decrease in social

capital from east to west. The province with the highest SCL in
2015 was Jiangsu.

It can be seen from the above figure that the overall trend is
for a high level of social capital in the east and a low level of
social capital in the west. As far as the average level of the six
regions is concerned, the social capital levels in the provinces of
the eastern, northern, and central regions are heterogeneous. The
heterogeneity in other regions is relatively small. From Table A2,
we can see that the biggest gap between adjacent regions is
Guangdong and Hainan in Central and South China. Guangdong
ranks second whereas Hainan ranks second to the last. Both
the northeast and northwest regions have very low levels of
social capital.

In addition, by observing the SCL of Beijing-Tianjin-Hebei,
the Yangtze River Delta, the Pearl River Delta, and the
surrounding provinces, we can see that the deep red region of
the Yangtze River Delta has the widest range. This means that,
on average, it has the highest level of social capital. Therefore,
we have reason to believe that the three provinces of Jiangsu,
Zhejiang, and Shanghai have relatively good knock-on effects on
their surrounding provinces.

If we look at the capital outcomes of the three categories
separately, we note that the results of relational capital are
interesting. It is not difficult to see from the bar chart below
(Figure 3) that the relational capital levels of the regions with
economies that are relatively more developed are lower. Xinjiang,
for example, has the highest level of relational capital, whereas
Beijing, Jiangsu, and Shanghai rank the bottom. We believe that
this result is consistent with the current state of Chinese society.

In this regard, we speculate that the more developed the
economy, the more atomized the people and the easier it is
to be outside the social system. Furthermore, we speculate that
this would lead to a decline of social relations capital and the
emergence of a crisis of social trust. This, however, is not the
main focus of this paper; the reasons for this phenomenon need
further study.

The Contribution of Social Capital to

Environmental Performance

To explore the effect of social capital on environmental
performance, we first display the EPL and SCL of various
provinces in China in 2015 on the maps that are shown in
Figure 4. Comparing these two maps, we can see that the SCL
and EPL are generally consistent. In other words, environmental
performance is better in regions with higher social capital. There
are, however, some provinces with abnormalities.

The environmental performance and social capital levels of
the six regions in 2015 are plotted in more detail on the scatter
chart in Figure 5. From this, it can be seen that social capital and
environmental performance are more consistent in the eastern
and southwest regions. The other regions are less stable.

From the above two figures, we can easily see that social capital
and environmental performance are related in general. We have
adopted Probit regression of the binary discrete selection model
to help us reflect the impact of social capital on environmental
performance more accurately.

Firstly, it is important to take the particularity of the
results of environmental performance into account: that is, the
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The EPL of Provinces in China in 2012

The EPL of Provinces in China in 2011
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The EPL of Provinces in China in 2014

The EPL of Provinces in China in 2013
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The EPL of Provinces in China in 2016

The EPL of Provinces in China in 2015
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The EPL of Provinces in China in 2017
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FIGURE 1 | EPL of various provinces in China by year.

is shown below:

performance at the frontier is 1 and the performance at the

frontier is very small (performance is <0.25). This makes the
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ot—i—,BX,-—HL,-, i= 1,2,' .

Y=

general regression model difficult to portray the impact of social

capital on environmental performance accurately. For the case

Y; represents the environmental performance level, X; represents
the social capital level, « is the drift, 8 is the slope, and p; is the

error term.

where the environmental performance of this paper is either 1 or

very small, we approximate it as the selection problem. In other
words, the performance is at the frontier and is not at the frontier;
the binary discrete selection model is selected. The original model

The results of Probit regression are shown in Table 3.
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From the above results, it can be seen that social capital
has a significant effect on environmental performance. In areas
with higher social capital, the environmental performance table
is better. According to the Probit regression model, when the
social capital of a province is known, the observations of the
environmental performance of the province can be calculated.
This observation highlights the possibility that the province’s
environmental performance is at the frontier.

Combined with the weights of the specific indicators obtained
by the entropy method outlined in section Methodology
and Data, it can be argued that structural capital in social
capital contributes the most to environmental performance.
This is followed first by relational capital and finally by

SCL of various provinces in China in 2015

High
Medium high
Medium

Medium low

FIGURE 2 | SCL of various provinces in China in 2015.

innovation capital. The contribution of the tertiary industry
to GDP is the largest contributing factor to structural
capital. The indicator of social trust is the most relevant for
relational capital.

The relatively unorthodox provinces are Inner Mongolia,
Qinghai, Hainan, Anhui, and Ningxia. Inner Mongolia, Qinghai,
Hainan, and Ningxia all have high levels of environmental
performance and low levels of social capital. By multiplying
the coefficients of three small indicators of innovation capital
with the measurement model and the raw data of social
capital for these four provinces, we can account for why the
numerical results regarding social capital are so small. These
three indicators are the number of patent applications, the
number of people in R&D activities, and the funding for R&D
activities. Anhui Province has high social capital, but a low
environmental performance. This may be due to the fact that
Anhui was affected by Jiangsu and Zhejiang; it received a certain
degree of knock-on economic growth and also accepted the
transfer of industrial enterprises. This resulted in more serious
environmental pollution.

However, due to data sources, there are statistical yearbook
data from various provinces in China and social capital data
based on questionnaires published by CSS. In the data processing,
we found that the statistical methods of the same indicator in
the statistical yearbooks of different provinces are different. We
try to select the original data of the same method when selecting
the data. The questionnaires used to investigate social capital data
have different ways of asking questions in different years, so the
authenticity of the data will have an impact on the research results
of this paper.

In response to the results, we believe that there are two ways
to improve the levels of environmental performance.

Firstly, the proportion of the tertiary industry in GDP could
be increased. The tertiary industry is a service industry, and its
unique service functions promote the development of primary
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FIGURE 4 | Maps of SCL and EPL in China in 2015.

and secondary industries and the entire national economy. It also
meets the needs of the nation for a better life in the future. For
this reason, it is recommended that the government continue to
support the development of the tertiary industry and formulate
a more favorable policy environment. They could provide tax
incentives, loan concessions, and talent introduction support.

In addition, according to the results that the Yangtze River
Delta region has the best radiation effect, the government
should strengthen economic cooperation among provinces to
transform it into an intensive development model of “low
consumption, low pollution and high output.” At the same time,
“the proportion of undergraduate education or above in scientific
and technological activities” is the most important indicator of
innovation capital. The government should vigorously develop
higher education and cultivate high-quality talents. Increase
investment in research funding and accelerate the flow and
spread of energy-saving and emission reduction technologies
between regions.

Secondly, they could increase the level of social trust.
Bjornskov (2006) finds that social polarization in the form of
income inequality reduces social trust. Bjornskov (2009) also
argues that social trust affects both schooling and the rule of
law directly. As demonstrated by the CSS questionnaire, social
trust is mainly related to interpersonal relationships, the degree
of government corruption, and the degree of citizenship. Social
trust is related not only to culture and social systems, but also to
individual objective factors such as age and education level.

From the perspective of macroeconomic policy, the
government should strive to build a stable social norm and
a good social trust system. It should also promote clean
government and reduce corruption. It should promote equal
opportunities, fair education, and fair income distribution.
From a micro-psychological perspective, individuals should also
give full play to their subjective initiative. They should actively
participate in social activities, uphold the values of equality, and
offer mutual assistance. They should be good neighbors and
work to create a healthy and harmonious atmosphere.

CONCLUSION

This paper has taken the unique characteristics of Chinese society
into account. It has looked at both the human society and the
relationship society, and it has focused on the effect of China’s
provincial social capital on environmental performance.

In the first stage, we used the SBM model to measure
the environmental performance level of the 2011-2017 panel
data from 30 provinces in China. The results showed that
the environmental performance levels of the more developed
regions (such as Beijing, Shanghai, Jiangsu, and others) were
significantly higher than the rest. As a whole, it can be seen that
the environmental performance levels of various provinces in
China are improving year by year, although the eastern region
still performs better than both the central and the western region.

In the second stage of the research, we introduced the concept
of social capital and divided it into three categories: innovation
capital, structural capital, and relational capital. We used the
Probit regression model to explore the effect of social capital
on environmental performance. From the results, it is clear
that the effect of social capital on environmental performance
is significant. Structural capital has the most obvious impact
on environmental performance. This is followed by relational
capital. It was further found that the proportion of the tertiary
industry in GDP and the level of social trust are the factors that
contribute most to the rate of structural capital and relational
capital, respectively.

Based on research results, we put forward two suggestions:
increasing the proportion of the tertiary industry in GDP and
increasing the level of social trust. We also put forward macro
and micro specific measures for the two proposals. Overall, the
results of this paper offer a new means for assessing the effect
of social capital on environmental performance. However, the
results also involve some limitations: whether or not there is a
non-linear relationship between social capital and environmental
performance, and how the economic meaning is represented at
the inflection point is worth studying.
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TABLE 3 | The estimation result of Probit regression.

Coefficients Estimate Std. Error z value Pr (>|z])
(Intercept) —1.302e+00 4.014e—-01 —3.244 0.00118*
SC 3.846e—06 1.447e—06 2.658 0.00787**

**99% confidence level.
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APPENDIX

Table A1 | The weight of the social capital indicator system.

Category First-layer Variables Second-layer
weight weight
Innovative capital 0.204 The proportion of undergraduate 0.405
education or above in scientific
and technological activities
Number of patent applications 0.137
Number of people in R&D 0.227
activities
Funding for R&D activities 0.231
Structural capital 0.415 Age structure of permanent 0.427
population (15-64 years old)
Proportion of women in the 0.098
permanent population
The tertiary industry accounts for 0.475
the proportion of GDP
Relational capital 0.381 Social equity level 0.139
Social participation willingness 0.279
Social trust level 0.293
Social security level 0.289

Table A2 | The SCL results of the provinces in China in 2015.

Provinces SCL Ranks Provinces SCL Ranks
Jiangsu 2.64 1 Hebei 1.87 14
Guangdong 2.56 2 Chongaing 1.86 17
Shandong 2.62 3 Jiangxi 1.85 18
Beijing 2.43 4 Jilin 1.84 19
Zhejiang 2.23 5 Shanxi 1.81 20
Shanghai 2.18 6 Inner Mongolia 1.79 21
Hubei 2.04 7 Heilongjiang 1.78 22
Tianjin 2.00 8 Guangxi 1.78 22
Sichuan 1.97 9 Gansu 1.76 24
Henan 1.95 10 Guizhou 1.75 25
Anhui 1.94 1 Yunnan 1.74 26
Hunan 1.92 12 Xinjiang 1.71 27
Fujian 1.89 13 Ningxia 1.68 28
Shaanxi 1.87 14 Hainan 1.67 29
Liaoning 1.87 14 Qinghai 1.60 30

Frontiers in Energy Research | www.frontiersin.org

10

January 2020 | Volume 7 | Article 160


https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org
https://www.frontiersin.org/journals/energy-research#articles

	How Social Capital Affects Environmental Performance in China
	Introduction
	Methodology and Data
	Measurement of Environmental Performance
	Measurement of Social Capital

	Results and Discussion
	The Results of Environmental Performance
	Social Capital Measurement Results
	The Contribution of Social Capital to Environmental Performance

	Conclusion
	Data Availability Statement
	Author Contributions
	Acknowledgments
	References
	APPENDIX


