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Abstract

Making use of econometric models in Shandong province of China, the paper verifies a method
which can calculate the scale of positive externality measured in currency caused by enterprises’
activity, and evaluates the performance of government fiscal expenditure for energy conservation and
environmental protection in internalizing the positive externality of enterprises’ activity in industrial
system. Firstly, with the aid of the economic implications of econometric model parameters and the
coefficient of determination, we separate the share of resource saving and the pollutant emission
reduction caused by government fiscal expenditure from the total industrial resource saving and
pollutant emission reduction; secondly, the environmental value of unit pollutant emission reduction
and unit resource saving is estimated by using the data of the amount of pollutants removed from the
regional industrial system and the operating costs of the relevant facilities; thirdly, with the aid of data
on this expenditure and environmental value of unit pollutant emission reduction and unit resource
saving, we monetize the scale of positive externalities of the entire regional industrial system; finally,
the performance evaluation indicator is constructed to evaluate the performance of government fiscal
expenditure for energy conservation and environmental protection in Shandong Province and typical
municipal governments. The paper draws several conclusions: It is reasonable to use the internalization
degree of positive externalities as the performance evaluation key indicator of government fiscal

expenditure for energy conservation and environmental protection; there is a problem of low performance
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in regulating the positive externalities of enterprises in Shandong Province; the performance level can be

improved by adjusting the expenditure structure of energy conservation and environmental protection

funds; environmental values of unit pollutant emission reduction and unit resource conservation have

obvious spatial differences, which has a significant impact on fiscal expenditure performance for energy

conservation and environmental protection.

Keywords: positive externality, fiscal expenditure for energy conservation and environmental protection,

environmental value, performance evaluation

Introduction

In order to coordinate the relationship between
economic development and environmental protection,
the Ministry of Finance clearly defined public
environmental expenditures in the government reform
of revenue and expenditure classification implemented
in 2007 in China. From 2007 to 2011, it was listed in
the name of environmental protection in the main items
of central and local government fiscal expenditure;
after 2012, environmental protection expenditure was
renamed as energy conservation and environmental
protection expenditure. From 2007 to 2018, China’s
public environmental expenditure increased nearly
sixfold, from US$15.113 billion in 2007 to US$95.576
billion in 2018, and its share of GDP (Gross Domestic
Product) increased from 0.45% to 0.70%. This
expenditure is playing an increasingly important role
in the improvement of China’s environmental quality
(Table 1). There is now more literature about fiscal
environmental expenditure, which has become a hot
spot of academic research.

With “Fiscal Expenditure” and “Environment
Protection” as the key words, and the research literatures
limited to articles published in the past 5 years, we
searched the Web of Science abstract database and

Table 1. Abbreviations of professional terms.

obtained 25 articles written in English, all of which are
far from the theme of “performance evaluation of fiscal
environmental expenditure”. Therefore, we mainly
analyzed the Chinese literature on the subject. Taking
CNKI periodical full-text database as the retrieval
source, we searched the Chinese literature from 2007
to 2019. Firstly, the search was conducted with the
subject term “environmental protection”. Secondly, the
papers obtained by first step were then further refined
by the subject term “financial expenditure”, resulting in
a total of 599 journal articles and doctoral or master’s
theses. Finally, these papers were manually screened,
based on whether the research content revolves around
public environmental expenditure and its impact
on environmental quality, and a total of 118 articles
were obtained. Generally speaking, these research
literature can be divided into three categories: the
first category is research on the effect of government
public environmental expenditure, a total of 62 articles,
including 24 journal articles, and 28 doctoral or master’s
theses; the second category is composed of 47 articles,
including 24 journal articles and 23 doctoral or master’s
theses, evaluate the efficiency of public environmental
expenditure in government finance; the third category
consists of 10 articles describing the development
course and policy of public environmental expenditure

Professional terms Abbreviation
Fiscal expenditure for energy conservation and environmental protection FEECEP
Resource saving and pollutant emission reduction RSPER
Chinese Social Sciences Citation Index CSSCI
Data Envelopment Analysis DEA
Chemical oxygen demand COD
Nitrogen oxide NOx
Research and development R&D
Sulfur dioxide SO2
China National Knowledge Internet CNKI
Life Cycle Assessment LCA
Net present value NPV
Gross Domestic Product GDP
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Table 2. Distribution of research methods of journal articles and doctoral or master’s theses focusing on the effect of government fiscal

expenditure on environmental protection from 2007 to 2019.

Econometric model method
Category Paper level Other methods
Provincial (panel) data Prefecture-cities (panel) data
CSSCI 9 0 0
Journal papers Core Journals 3 0 0
Other Journals 1 3 8
Ph.D 5 1 1
Degree thesis
Master 16 2 13
Proportion 34/62 6/62 22/62

Annotation: Core Journals are journals incorporated in the source journal of Peking University Chinese Core Journals Overview.

in developed countries. This third category of literature
focuses on the experiences of developed countries in
the area of public environmental expenditure from
which China can learn. This kind of literature deviates
greatly from the topic discussed in this paper, so it was
not analyzed. Thus, to analyze the shortcomings of the
current research, the following is based on the first and
second types of literature.

The first type of literature focuses on the mechanism
of environmental quality optimization, and mainly
discusses the role of public environmental expenditure
in regional energy conservation and pollutant
emission reduction. This kind of literature mostly uses
econometric analysis methods, and the analysis samples
are mainly provincial panel data (Table 2).

Most research results show that, overall, government
environmental expenditure has a positive effect
on improving environmental quality, and there are
noticeable regional differences [1-5]. For example,
Zhu Xiaohui and Lu Yuanquan constructed the
pollution control coefficient of regional environmental
and fiscal policy, and calculated the wvalues of
every provincial region in China, with which thirty
provincial administrative regions of the country were
divided into two types of regions, then estimates
econometric models respectively to analyze the effects
of environmental fiscal policy, environmental tax
policy, and environmental decentralization on pollution
control. The results show that the fiscal expenditure
on environmental protection has a significant
effect of pollution control, and that environmental
decentralization is not conducive to the reduction
of pollutants [6]. Zang Chuanqin and Chen Meng
estimated the dynamic panel model using the panel
data of 30 provinces in China, and made an empirical
analysis on the effect of FEECEP. It was concluded
that fiscal expenditure for environmental protection
has a positive direct and indirect impact on the
improvement of environmental quality. Namely,
environmental quality can be improved by guiding
social capital to invest in the field of environmental
protection [7].

The econometric model establishes the quantitative
relationship between the explanatory variables and the
explained variable; the parameters imply the meaning
of "average" when describing the relationship between
the explained variable and the explanatory variables
[8]. Due to the huge gap in the level of development,
even if 30 provincial administrative regions are further
subdivided into eastern, central, and western regions,
there will be a big deviation from the reality using the
estimated model parameters to explain the development
of a specific province. Therefore, relatively speaking, if
the research scope is defined within a specific province,
and the data of prefecture-level cities are used for
quantitative regression analysis, the application value of
model parameters is greater [5, 9]. In addition, scholars'
use of econometric model parameters is often limited
to explaining the economic meaning of the parameter’s
sign, and analyzing the elasticity of the explained
variable to the variation of explanatory variable, and
the potential values of the model parameters are not
sufficiently explored. At the same time, scholars often
employ pollutant emission data to construct a composite
index or DEA evaluation results as explained variable
when estimating econometric models [10], so that the
explained variable only has symbolic meaning, and the
economic implication of the model parameters becomes
more abstract, and its policy guiding significance is
greatly reduced.

The second type of literature focuses on
performance evaluation, which mainly discusses the
performance level of regional fiscal environmental
expenditure, its spatial difference and influencing
factors [11, 12]. The DEA method, which accounts for
74% of the total literatures, plays a leading role in this
kind of research (Table 3). The DEA method defines
the most efficient decision-making unit as a technical
frontier by a linear programming method and analyzes
the relative efficiency of other decision-making units
according to this technical frontier [13]. The application
values of the conclusions obtained by DEA method
via horizontal comparison and vertical comparison
are limited. Horizontal comparison can only find
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Table 3. Research method distribution of journal articles and theses with the theme of efficiency evaluation of FEECEP from 2007 to

2019.
DEA method
Category Paper level Other methods
Provincial (panel) data Prefecture-cities (panel) data
CSSCI 7 1 4
Journal papers Core Journals 0 0 1
Other Journals 6 3 2
Ph.D 3 0 1
Dissertation
Master 7 7 4
Proportion 23/46 11/46 12/46

Annotation: Core Journals are journals incorporated in the source journal of Peking University Chinese Core Journals Overview.

the efficiency gap of specific decision-making unit
compared with the best decision-making unit [14, 15].
Vertical comparison can only see the general developing
trend of specific decision-making unit’s efficiency [16].
The DEA method has a strong assumption that
all decision-making units satisfy the isomorphism
[17], but scholars often weaken or even ignore this
application condition in practical application. Due to
the huge inter-provincial gap in China's development
level and development path, the credibility of the
results is strongly affected by the DEA analysis using
national provincial environment and economic data.
In addition, scholars almost seldom take into account
the environmental value of energy conservation and
pollutant emission reduction, which also to some extent
reduces the utility of the efficiency value calculated by
the DEA method.

There are many defects in the current research
methods on the efficiency evaluation of the government
fiscal environmental expenditure; for example, the
geographical scale of sample data is too large, the
economic meaning of the estimated parameters of the
econometric model has not been sufficiently explored,
and the role of the environmental value of energy
conservation and pollutant emission reduction in the
efficiency evaluation has been ignored. In particular, it
does not make full use of the role of evaluation criteria
that the externality theory should play in the efficiency
evaluation of fiscal environmental expenditure.

Aiming at compensating for the defects of the
current research, this paper takes the economic
activities with positive externalities such as RSPER
of 17 prefecture-level cities in Shandong Province of
China as the research object, evaluates the performance
of government fiscal environmental expenditure based
on the internalization degree of externality, which
incorporates the environmental value factors of RSPER.
It is expected that the research conclusions can provide
a theoretical reference for improving the performance
of government fiscal environmental expenditure.

Methodology

Taking the Degree of Positive Externality
Internalization as the Theoretical Basis
of Performance Evaluation Criteria

We assume that the positive externalities of
enterprise activity measured in currency mainly
include the environmental values of resource saving
and pollutant emission reduction. The environmental
values of energy saving are equal to the environment
loss caused by pollutants and greenhouse gas emitted
by the same amount of energy consumption. As the
pollutant emission reduction effect of energy saving
has been embodied in the decline of pollutant emission
intensity per unit of industrial value-added per year,
when calculating the environmental values of energy
saving, we only calculate the environmental values of
greenhouse gas emission reduction in order to avoid
environmental values of pollutant emission reduction
being calculated twice. The environmental values of
water saving can be regarded as reducing the discharge
of water pollutants, and the amount is equal to the
content of pollutants in the same amount of industrial
wastewater that meets national standards.

This study takes the internalization degree of
positive externality as the performance evaluation
criterion of government fiscal expenditure for energy
conservation and environmental protection. We
define that the internalization degree is the ratio of
the monetization positive externality of enterprises’
activity to government fiscal expenditure for energy
conservation and environmental protection.

We must first obtain the amount of resource saving
and pollutant emission reduction caused by this
expenditure. The analysis method of econometrics can
provide method guidance for calculating the amount of
resource conservation and emission reduction caused by
this expenditure.
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The Economic Implication and Application
of the Econometric Model

In the estimated econometric model that relevant
data are all processed in logarithm, the meaning of
the parameter before an explanatory variable is the
elasticity of the explained variable to the change rate of
the explanatory variable. That is, obtaining the change
rate of an explanatory variable, the change rate of
explained variable caused by the explanatory variable’s
change can be obtained under the condition that other
variables remain unchanged. In turn, the relationship
between explained variable and explanatory variables
is still true within the observation period. On the basis
of knowing the change rate of the explained variable,
the share of change caused by a certain explanatory
variable can be calculated. But the effect of the change
of explanatory variables is a partial effect, which has
strong constraints [8]; that is, it is necessary to ensure
that other conditions remain unchanged, which greatly
limits the application value of the parameters. On the
basis of the relative clarity of the mechanism of pollutant
emission reduction, we employ a set of methods to
overcome the inherent limitations of the partial effect
of the econometric model parameters. Relying on the
model parameters’ meaning of elasticity, the amounts of
resource saving and pollutant emission reduction caused
by government expenditure for energy conservation and
environmental protection can then be calculated.

Variable Selection and Model Assumption

Variable Selection and Data Description

This study takes the FEECEP of 17 prefecture-
level cities in Shandong Province from 2007 to 2017
as the research object. We assume that it is impossible
to judge how much fiscal resources have been invested
respectively in every fields of industrial pollutant
emission reduction because that the current FEECEP
in Shandong Province’s prefecture-level cities does

not have detailed sub-sector data. The emission
reduction effect on various industrial pollutants can
only be estimated according to the overall data of this
expenditure.

Assuming that government FEECEP was allocated
into m kinds of industrial pollutant emission reduction,
and the structure of government expenditure in
this field is relatively stable during the study period,
the quantitative relationship between pollutant
emission intensity per unit of industrial value added
or resource consumption intensity and government
FEECEP can be estimated. We can monetize the
environmental value of resource saving and pollutant
emission reduction caused by this expenditure, as
shown in Formula (1).

Qi = Xka(exije X pij) )

Q,, is the environmental value of resource saving
and emission reduction caused by government FEECEP
in the #-period of city i, ex, is the amount of the j
kind of pollutant emission reduction or resource saving
caused by government FEECEP in the #-period of city
i, and P is the unit environmental value produced by
j kind of pollutant or resource when its emission was
reduced or its consumption was saved in city 7.

The data used in this study come from several
types of statistical yearbooks in recent years,
including China Environmental Statistics Yearbook,
China Environmental Statistics Yearbook, Shandong
Statistical ~ Yearbook, and prefecture-level city’s
statistical yearbooks in Shandong province. Due to the
absence of statistics, the sample cities of the nitrogen
oxide emission data include nine prefecture-level cities
of Jinan, Qingdao, Zibo, Zaozhuang, Yantai, Weifang,
Jining, Tai’an, and Rizhao. Other data include all 17
prefecture-level cities in Shandong province. it means
that in addition to the above-mentioned nine cities, data
also come from prefecture-level cities of Dongying,
Weihai, Laiwu, Linyi, Dezhou, Liaocheng, Binzhou,
and Heze.

Table 4. Comprehensive utilization rates of general industrial solid waste in Shandong province in recent years.

Year 2009 2010

2011

2012 2013 2014 2015 2016 2017

Comprehensive utilization rate/% 98 95 95

93 94 96 92 84 80

Table 5. Total investment amount and structure of industrial pollution prevention and control in Shandong province in recent years.

Year Annual completed investment / Disposal of waste gas Disposal of wastewater Disposal of solid waste
thousand US$ 1% 1% 1%

2014 21497.08 90.46 5.83 0.59

2015 14356.05 82.64 7.02 3.48

2016 19183.55 76.48 9.1 23

2017 17164.64 71.92 9.34 0.08
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The general comprehensive utilization rates of
industrial solid waste in prefecture-level cities in
Shandong province have reached a very high level
(Table 4), and the investment scale in the field of solid
waste disposal is very small compared with that of
waste gas and wastewater (Table 5), so the positive
externalities involved in this study do not take the
emission reduction of solid waste into account.

Taking into account the availability of data and the
governmental emphasis on different types of industrial
pollutants, this study selects the consumption amounts
of energy and water, the emission amounts of sulfur
dioxide, nitrogen oxides, smoke and dust, chemical
oxygen demand, greenhouse gas (carbon dioxide) and
ammonia nitrogen as the objects of analysis.

The symbols and meanings of the explanatory
variables and the explained variables are shown in
Table 6.

Because the econometric model requires that the
data must be stationary when doing the regression

Table 6. Explanatory variables and explained variables.

analysis between the explained variables and the
explanatory variables, the series data are logarithmized.
In order to eliminate the influence of price fluctuations,
the industrial value added data, FEECEP, industrial
enterprises expenditure on R&D, and other data used in
this paper are all processed by the GDP deflator. The
GDP deflator refers to the ratio of the nominal GDP of
that year to the GDP calculated in 2000 constant price.

Model Hypothesis and Basic Models

The purpose of government expenditure for energy
conservation and environmental protection is to save
resources and reduce pollutant emissions, so there
is a negative correlation between it and resource
consumption intensity or pollutant emission intensity.
Scientific and technological progress can promote
resource saving and pollutant emission reduction, so it
is also negatively correlated with resource consumption
intensity or pollutant emission intensity.

Category Variable Symbol Description
Energy consumption intensity / tce / LNener Industrial energy consumption amount/ values added of industrial
thousand US$ 24 enterprises above designated size (take the logarithm)
Water consumption intensity / ton / LNh2o Industrial water consumption amount / values added of industrial
thousand US$ ¢ enterprises above designated size (take the logarithm)
Sulfur dioxide emission intensity / LNemso Industrial sulfur dioxide emission amount / values added of
ton / million US$ t | industrial enterprises above designated size (take the logarithm)
Explained | Nitrogen oxide emission intensity / [ Nemnox Industrial nitrogen oxide emission amount / values added of
variable ton / million US$ t | industrial enterprises above designated size (take the logarithm)
Ammonia nitrogen emission LNemand values added of industrial enterprises above designated size /
efficiency / thousand US$ / ton * | industrial ammonia nitrogen emission amount (take the logarithm)
Smoke and dust emission intensity LNemvan Smoke and dust emission amount / values added of industrial
/ ton / million US$ yan, enterprises above designated size (take the logarithm)
COD emission intensity / ton LNemcod COD emission amount / values added of industrial enterprises
/ million US$ t above designated size (take the logarithm)
Fiscal e).gpendlture on energy Local government budgetary expenditure on energy conservation
conservation and environmental LNec, and environmental protection (take the logarithm)
protection/ thousand US$ P B
Expenditures of Industrial Enterprises above Designated Size on
R&D/ thousand US$ LNrd, R&D (take the logarithm)
. L Local government budgetary expenditure / local government
0
Expla.n{a)tlory Fiscal decentralization /% LNcf, budgetary revenue (take the logarithm)
variable
Proportion of state-owned enterpris- LN Proportion of state-owned enterprises in the values added of
es in industrial enterprises /% EP, industrial enterprises above designated size (take the logarithm)
Proportion of heavy industry in LNhr Proportion of heavy industry in the values added of industrial
industrial enterprises /% ! enterprises above designated size (take the logarithm)
Fixed assets per unit of industrial LNinin Value added of industrial enterprises above designated size / total
value added / thousand US$ ¢ fixed assets (take the logarithm)
Fiscal revenue / million US$ LNcshou, Local government budgetary revenue (take the logarithm)
Instrumental Total proﬁts.and tax.es. of industrial LNlishui Total profits and taxe.s of industrial entc?rprlses above designated
. enterprises / million US$ ¢ size (take the logarithm)
variable
Industrial enterprises’ ratio of Profits LNIshra Total profits and taxes / total assets of industrial enterprises above
and taxes to total assets /% ¢ designated size (take the logarithm)
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For this study, seven basic models were designed.

LNenergy;, = B, + B1.LNec;, + BisLNTd;, + B4 LNCf;,
+ BisLNhry + Bi6LNgp; c+B:7LNinin; + ;. ()

LNh20;; = fo1 + fo;LNec;; + fosLNTd; + BoyLNCSi;
+ BosLNhT; ¢ + BogLNgp; o +BorLNining . + u; (3)

LNemso;, = f53; + B3,LNec;, + B33 LNrd;, + B34 LNcf;,
+ B3sLNhry + 36 LN gp;c+ P37, LNinin;  +u;, (4)

LNemnox;, = f4; + By, LNec;; + PasLNTd; + BygLNcf;,
+ BusLNhry, + By LNGD; o +Bas LNining ; + u; )

LNemand;, = s, + Bs,LNec;; + sz LNrd;, + BssLNcf;,
+ BssLNhry, + BseLNgp;+PBs;LNinin, + u;, 6)

LNemyan;, = B, + P2 LNec;, + BesLNvd;, + BesLNcf;,
+ BosLNhry . + BocLNgp;t+Bs7; LNinin ; + u ¢ 7N

LNemcod;; = B;; + B, LNec;, + f,3LNrd; + f,4LNcf;,
+ B7sLNhr; ¢ + B76LN gp; e +B77LNinin;, + u; . (8)

Data Processing and Model Selection

Linear Correlation Analysis and Multicollinearity
Diagnosis

Enterprises’ activities related to energy conservation
and pollutant emission reduction generally involve
investment activities such as production line renovation
and equipment upgrading, and the life cycle usually
lasts for a period of time, which also means that
government FEECEP has hysteresis effect. At the same
time, both government FEECEP and corporate R&D
investment have the effects of energy conservation
and pollutant emission reduction, so that there is the
possibility of multiple collinearity between the two
variables. Based on these two points, it is necessary to
do a simple linear correlation analysis of the data before
data processing and model estimation. The results of

the analysis are shown in Table 7. Among them, -1, -2,
and -3 represent the data of related indicators lag one,
two and three periods respectively.

In terms of the correlation coefficient, there is a
high correlation between energy consumption intensity
(energy) in the ¢ period and enterprise’s R & D
investment (rd) in the ¢ period, or its data of lag one, lag
two, lag three periods. It is the same to the correlation
between energy consumption intensity and government
FEECEP. At the same time, the correlation between the
two core explanatory variables and their three-period
lag values is also very high. The correlation analysis
between the other five explained variables and these
two core explanatory variables also shows the same
characteristics. Due to the limitation of the length of the
paper, the relevant analysis results are omitted.

To avoid multiple collinearities affecting the validity
of the estimated model, the three-period lag values of
the two core explanatory variables are incorporated
into the model estimation, and the principal component
analysis method is adopted to deal with dimension
reduction. Together with other non-core explanatory
variables, the new generated variables, which replace
the two original core explanatory variables, are
employed to make a regression analysis with explained
variables. Due to the inclusion of three periods of lag
data, degrees of freedom of the regression model will
be reduced by three years. The results of principal
component analysis are shown in Table 8 and Table 9.

Table 8. Initial eigenvalues of principal component analysis and
the total variance of explained.

Component Eigenvalue Difference Proportion
Compl 6.04049 5.33398 0.7551
Comp2 0.706509 0.226482 0.0883
Comp3 0.480027 0.0132414 0.0600

Table 7. Correlation Analysis of Fiscal expenditure on Energy Saving and Environmental Protection, Enterprise R & D Investment, and
their lag data of 17 prefecture-cities in Shandong Province from 2010 to 2017.

ec, Ec Ec,, Ec,, rd, rd rd, rd energy,
ec, 1
ec,, 0.656 1
ec, 0.5207 0.6276 1
ec,, 0.5811 0.4855 0.5918 1
rd, 0.6408 0.6464 0.6628 0.6976 1
rd 0.6333 0.6328 0.6535 0.7045 0.9945 1
rd, 0.6317 0.6337 0.6478 0.7087 0.9844 0.994 1
rd 0.6223 0.6323 0.6473 0.702 0.9684 0.9819 0.9926 1
energy, 0.4471 0.4274 0.4149 0.3968 0.5359 0.5179 0.4983 0.4781 1
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Table 9. Conversion coefficients between core explanatory variables and newly generated variables.

Component ec, ec,, €c,, ec,, rd, rd | rd, rd ,
Compl 0.3054 0.307 0.3103 0.3198 0.3922 0.3926 0.3925 0.3897
Comp2 0.4994 0.5933 0.3247 -0.0405 -0.2453 -0.276 -0.2799 -0.2772
Comp3 -0.4528 -0.1854 0.7337 0.4205 -0.1061 -0.1071 -0.1111 -0.1018

Table 10. Results of stationary test.

Symbol Indicator Levin, Lin & Chut* ADF-Fisher Chi-square PP-Fisher Chi-square
Statistic -28.0508 247.234 301.415
FNenereyt Prob. 0.0000 0.0000 0.0000
Statistic -8.2835 83.4853 113.446
ENh2o, Prob. 0.0000 0.0000 0.0000
Statistic -8.97889 113.787 130.628
LNemso Prob. 0.0000 0.0000 0.0000
Statistic -6.12183 51.9919 54.6325
LNemnox, Prob. 0.0000 0.0000 0.0000
Statistic -7.66935 56.1867 84.7980
ENemand, Prob. 0.0000 0.0097 0.0000
Statistic -6.12967 79.6689 100.748
LNemyan, Prob. 0.0000 0.0000 0.0000
Statistic -9.65558 128.700 196.035
ENemeod, Prob. 0.0000 0.0000 0.0000
Statistic -17.9589 156.6610 262.198
ENCompl, Prob. 0.0000 0.0000 0.0000
Statistic -13.2138 140.771 200.395
ENComp2 Prob. 0.0000 0.0000 0.0000
Statistic -101.889 167.935 164.337
ENComp3, Prob. 0.0000 0.0000 0.0000
Statistic -10.9682 88.5587 106.918
LNt Prob. 0.0000 0.0000 0.0000
Statistic -4.9903 62.9946 63.1817
LNe Prob. 0.0000 0.0018 0.0017
Statistic -6.5804 62.3916 71.2040
ENb, Prob. 0.0000 0.0021 0.0002
o Statistic -22.4331 46.1548 60.1850
LN Prob. 0.0000 0.0798 0.0037
Statistic -18.8648 117.619 193.864
ENeshou, Prob. 0.0000 0.0000 0.0000
o Statistic -9.8317 57.4219 70.5898
ENlishu, Prob. 0.0000 0.0073 0.0002
Statistic -6.87651 65.8163 68.7353
ENlshra Prob. 0.0000 0.0009 0.0004
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The expressions of the first three principal
components with relatively large eigenvalues are:

Compl = 0.3054ec, + 0.307ec_, + 0.3103ec, ,
+0.3198ec,_, + 0.3922rd, + 0.3926rd |
+0.3925rd , + 0.3897rd

Comp2 = 0.4994ec, + 0.5933ec ,
+0.3247ec , -0.0405¢c , -0.2453rd,
-0.276rd , -0.2799rd , -0.2772rd

Comp3 = -0.4528ec, -0.1854ec ,
+0.7337ec , + 0.4205¢c , -0.1061rd,
-0.1071rd , -0.1111rd,, -0.1018rd

Stationarity Test

The prerequisite for making a regression analysis is
that the panel series data must undergo the stationary
test. In this study, the methods of LLC, ADF, and PP are
used to test the stationarity of panel data. The test results
(Table 10) show that each sequence of panel data does
not contain a unit root and passes the stationary test.

Model Selection

Model selection is the basis of making a regression
analysis with panel data. In order to increase the
comparison, the model parameters were also estimated
by mixed regression and inter-group regression
methods. Limited by the length of this paper, this
paper only takes the basic Model (2) as an example to
estimate the quantitative relationship between energy
consumption intensity per unit of industrial value
added and government fiscal expenditure for energy
conservation and environmental protection, as well as
other explanatory variables. The estimated results are
shown in Table 11, which shows that the parameters
estimated by the fixed effects model differ far from
those obtained by other estimation methods. In this
study, statal4 software is used to analyze the panel data.

Table 11. Model parameters estimated by different methods.

At the same time, due to the large difference
between the cluster robust standard error and the
general standard error, the traditional Hausmann test
is not applicable, and the problem can be solved by
auxiliary regression according to Formula (9) and

Formula (10) [18].

yie — 0%, = (% — gfl)lﬁ +(1-0)z's
+ (i = ®)'y +[(1 - 0)us + (51 — 0] ©)

Yie = X' B+ 2z/6 +up + e (10)

v, and x, are the explained variables and explanatory
variables in the ¢ period of city i; u, and x, are both error
term or disturbance; z, is an individual characteristic
that does not change over time; y, X, and &, are the
explained variable, explanatory variable and error
term, which are obtained by averaging both sides of the
individual effects model over time for city i; 0, p 9,
and y are the parameters to be estimated.

The above auxiliary regression can be performed by
executing a Stata unofficial command named xtoverid.
The auxiliary regression shows that the value of x?
(7) statistic is 32.322 and the P value is 0.0000. The F
distribution is equivalent to the x? distribution when the
sample is big enough, and a P value of 0 means that
the null hypothesis is strongly rejected, that is, random
effects are rejected. Other x*(7) statistics and P values
can be obtained by performing auxiliary regression on
basic models (3), (4), (5), (6), (7) and (8), as shown in
Table 12. It is concluded that all seven basic models in
this study are more suitable for estimation by the fixed
effects model.

Accounting for Pollution Reduction Effects
of FEECEP

There are two new variables generated by the
principal component method: LNcompl and LNcomp2
in the model explanatory variables. According to the
method described in the previous section, the change

Variable OLS FE_robust RE BE
LNcompl -0.422488 -0.266418 -0.288196 -0.425284
LNcomp2 -0.009588 -0.002754 -0.003281 -0.01263175
LNcomp3 -0.001308 -0.001537 -0.001171 -0.01089219

LNinin 0.023159 -0.148884 -0.124524 0.16193432

LNgp -0.044550 -0.003387 -0.005566 -0.17813355
LNcf 0.393807 0.253232 0.230400 0.34625731
LNhr -0.423849 -0.162000 -0.247600 -0.433874
_cons 14.520224 13.658305 14.127879 13.692413

Annotation: OLS is pooled regression; FE_robust is a fixed effects regression; robust indicates that adopt cluster-robust standard

error; RE is random effects regression; BE is between estimator.
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Table 12. Test results of model form selection.
Index LNenergy LNh2o LNemso LNemnox LNemand LNemyan LNemcod
Chi-sq(7) 32.322 117.448 13.139 21.08 22.683 46.454 15.580
P 0.0000 0.0000 0.0688 0.0018 0.0019 0.0000 0.0292

Annotation: the first line uses the symbol of the explained variable to represent the basic type of the model.

rates of annual pollutant emission intensity or resource
consumption intensity caused by the variation of these
two new variables can be calculated, and then the
pollutant emission reduction and resource saving caused
by it can be calculated. In order to obtain the share
caused by government FEECEP, it needs to be further
separated from the effects of energy conservation
and pollutant emission reduction of newly generated
variables. The separation method can be calculated
according to equations (11) and (12).

_ oec—ap_1eci_g
propeci,j,l =
COMP;s,t=COMPs,t—1 (11)

compg, = Y% (aec; + Birdy) (12)

propec, | is the share of FEECEP in the emission
reduction of j pollutant in city i in the ¢ period; / can
take four values, 0, -1, -2, and -3, representing the
current period and the lag one period, two periods, and
three periods. The negative sign indicates the number
of periods lagging relative to period ¢. . and 8 are the
conversion coefficients between the new variable s and
two core explanatory variables, that is, government
FEECEP and R & D investment of industrial enterprises.
Their values are shown in Table 8. comp_ is the value of
the new variable s in the ¢ period.

Following the principle of causality, considering
the lag effect of three periods, the pollutants reduction
caused by government FEECEP in a certain year
includes the contribution of this kind of fiscal
expenditure in the previous three periods. When
calculating pollutant reduction or energy saving caused
by the government FEECEP in the three years from
2010 to 2012, the share before 2009 is removed in order
to reduce the calculation complexity.

The calculation of pollutant emission reduction or
resource saving caused by this expenditure needs to
take into account its lag effect, which can be calculated
according to Formula (13).

QPec; ;¢ = Y—o(QPcomp, j 4m X Propec;cm) (13)

QPec,;, is the j pollutant emission reduction caused
by the government FEECEP during the ¢ period;
QPcomp,, . is the j pollutant emission reduction caused
by the new variables in the +m period; m can take four
values, 0, 1, 2 and 3, representing the next four years
from the beginning of the ¢ period.

Analysis on the Effect of Resource Saving
and Pollutant Emission Reduction Caused
by Government FEECEP

Still taking the reduction of sulfur dioxide emissions
as an example, the annual amount of pollutant emission
reduction (Qso, ) is also easy to calculate, as shown in
Formula (14).

qemsoic_y qemSOi,t>

o= X
Qs0i¢ = ingdpiy (ingdm,t-l ingdp;

(14)

Qso,, is the amount of industrial sulfur dioxide
emission reduction in the #-period of city i. gemso,, is
the amount of industrial sulfur dioxide emission in the
t-period of city i. ingdp,  is the industrial added value in
the #-period of city i.

The key step in calculating the emission reduction
caused by government FEECEP is how to separate this
kind of share from the annual total amount of pollutant
emission reduction according to Model (4). The

calculation method of f8,, can be inferred from formula

(15)

322
RESR;, = (1+er;,) ™ -1 (15)

Here, RESR , is the response coefficient of the
explained variable to the change of the explanatory
variable, which means the change rate of emso,,
caused by the change of er,, under the premise that
other conditions remain unchanged. If the factors
that play a leading role in the change of emso,, can
be determined, and the rate of change in e'msom
caused by the dominant factor is much higher than
that caused by the non-dominant factor, it is still of
practical reference value to deduce the role of the
dominant factor played in the change of the explained
variable by using the response coefficient of the
explained variable to the change of the explanatory
variable (RESR, ).

Assuming that there are m core explanatory
variables and n non-core explanatory variables, the
sum of the change rate of emso,, caused by these two
kind of factors can be calculated by Formulas (16)
and (17).

DSR;; = i RESR; 4+ (16)



Performance Evaluation of Regional Fiscal...

387

OSRL'I = g:l RESRi,o,t (17)

DSR,  is the sum of the change rate of emso,, caused
by the core explanatory variables in the ¢ perlod of city
i; OSR,  is the sum of the change rate of emso,, caused
by non core explanatory variables in the ¢ perlod of
city i. Since both of these are partial effects calculated
under the same assumption that other conditions remain
unchanged, they must be revised when determining
their real effects.

Let TSR, be set as the total change rate of emso,,
in the t perlod of city i. There is an issue of goodness—
of-fit in the econometric model, which manifests to
what extent the fluctuation amplitude of the explained
variable can be explained by the estimated model [8].
When calculating the share of an explanatory variable
in the total change rate of the explained variable, the
value of 7SR, should be multiplied by the value of the
determinable coefﬁc1ent R?, and the corrected index
here are renamed R7SR . When the annual change
values of a non-core explanatory variable in some
periods is very large, the coefficients estimated through
regression analysis would contorted greatly, making
the roles of core explanatory variables inferred from
econometric model far away from the real situation. In
order to avoid the above situation, a flexible calculation
method can be considered, as shown in Formula (18).

- RTSR;—OSR—DSR;
RDSR;; = DSRy¢ + OSRye X X4 _, wezgot; (TR0, DoR;) T i
Jit

(18)

RDSR,, is the revised sum of the change rate of
emso,, caused by the core explanatory variables in the
t perlod of city i, where the panel data of Shandong
prefecture-level cities are taken as analysis samples, and
[ is equal to 17. The change of the non-core explanatory
variable will counteract or increase the effect of the core

explanatory variable. The symbol AVROD is used to
1ql t=2017 (RTSRj:—OSR;—DSR ;)
represent the sector of72j=1 Xt=2011 ’ 05R,-]t ’

in the Formula (18). If there is an abnormally high
(RTSR;+—OSRj—DSR; 1)
value of OSRj; , it will greatly increase its
influence on the value of AVROD. In order to prevent
a small number of extremes from excessively affecting
the size of the value of AVROD, we deleted the top 10%
(RTSRj—0SRj—DSR; )

of the largest value of OSR;; from the
sample data when calculating the value of AVROD.

If RDSR,, is set to be equal to aDSR,, the effect
value of a smgle core explanatory variable’s change can
be calculated by Formula (19).

RDSRi_d’(; = aRESRL',d,L’ (19)

RDSR,, is the change rate of the explained variable
caused by the change of the d core explanatory variable
in ¢ period in city i; RDSR, ,, s the response coefficient
of the explained variable of city i to the change of the

d explanatory variable in ¢ period, as shown in Formula

(15).

The Calculation Method of the Total Amount
of Resource Saving and Emission Reduction
Caused by the Government FEECEP

The growth rate of this expenditure in each
year can be calculated when the time series data of
government FEECEP are obtained. The growth rate is
multiplied by RDSR, , , which is the change rate of the
explained variable caused by the change of the d core
explanatory variable in city i (the d core explanatory
variable here refers to the government FEECEP, the
calculation process is shown in Formula (19)), we can
obtain the change rate of pollutant emission intensity,
and the amount of pollutant emission reduction caused
by this expenditure in the corresponding year can
then be calculated. Taking the calculation of energy
conservation amount as an example, the calculation
process is shown in Formula (20).

QE;; = energy;s—1 X RDSR; X ecry X indus; (20)

QE,, is the amount of energy saving in the ¢
period of city i; energy,,, is the energy consumption
intensity in the ¢ period of city i ecr,, is the change
rate of government energy saving and environmental
protection expenditure in the ¢ period of city i. The
calculation process can be seen in Formula (21). indus, ,
is the industrial added value in the ¢ period of city i.

ecry, = eci,et;eci,t—l

=) 21

ec,, is the amount of government FEECEP in the ¢
period of city i.

Positive externality, such as the implementation of
cleaner production or the development of the circular
economy, will, like a fixed asset investment, play
a stable role in a period of time once an operating
mechanism or mode of the enterprise is formed, until it
enters another life cycle. Therefore, when estimating the
effect of resource saving and emission reduction caused
by government FEECEDP, It is necessary to set a period
of time during which the effects caused by government
FEECEP continue to play a role.

With reference to the national regulations on the
depreciation life of industrial fixed assets, this study
considers the effect caused by FEECEP over three
periods of time: 10 years, 15 years, and 20 years
in order to investigate their impact on performance
evaluation. That is, enterprises’ activities and its
relative facilities with positive externality caused by
this expenditure can operate continuously for 10 years,
15 years, and 20 years. During this period, in principle,
there is no need for additional government investment,
and the effects caused by FEECEP will continue to play
a role. Taking the energy-saving effect that would last
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for 10 years as an example, the government FEECEP
during the ¢ period has led to a decrease in the energy
consumption intensity, which is not directly caused
by governmental behavior, but is indirectly realized
through guiding enterprises to carry out economic
activities with positive externalities such as the
renovation of production equipment, the development
of circular economy or cleaner production. During the
t period, the amount of energy saving generated by this
expenditure will be the cumulative amount of 10 years,
which is calculated by Formula (22).

TQE;; = (energyi_t_l X RDSR; ¢ X ecri_t) X 10 X indus; ; (22)

TQE, , is the total amount of energy saving caused by
the government FEECEP during the ¢ period of city i.
Calculating the total amount of energy saving based on
formula (24) means that the city’s industrial production
scale remains unchanged during this period. If the
energy-saving effect of government FEECEP remains
unchanged in the situation that the industrial scale
expanded continually, then 7QE,, should be calculated
by Formula (23).

TQE;; = (energy;;—1 X RDSR;, X ecr;;) X (Z‘]’-=0 indusi,Hj)
(23)

¥ indus, . is the sum of the industrial added value
of the city i in 10 years, and j = 0, 1, 2, ..., 9, which
represents the ¢ period and the following 9 years.

In order to pass the stationarity test of time series
data in regression analysis, the explained variable of
Model (6), which is different from other models, adopts
the index of ammonia nitrogen emission efficiency,
which can be seen in Table 5. The econometric model
can be used to calculate the change rate of ammonia
nitrogen emission efficiency caused by the change
of annual FEECEP. For the sake of convenience,
it is necessary to convert the ammonia nitrogen emission
efficiency into ammonia nitrogen emission intensity
(ammonia nitrogen emission per unit of industrial
value added) when calculating the amount of industrial
ammonia nitrogen emission reduction caused by
the improvement of ammonia nitrogen emission
efficiency. Because the ammonia nitrogen emission
efficiency is the reciprocal of the ammonia nitrogen
emission intensity, the latter can be calculated according
to the former, shown as Formula (24). For the sake
of shortening the length of the article, the derivation
process is omitted.

1
AINandi‘t = W -1 (24)

AEFand,, is the change rate of ammonia nitrogen
emission efficiency caused by government FEECEP
in the ¢ period of city i, and AlNand,, indicates the
change rate of ammonia nitrogen emission intensity
caused by government FEECEP in the ¢ period of city i.

The calculation methods are shown in Formulas (25)
and (26). AEFand,, and AINand,  indicate the ammonia
nitrogen em1ss1on efficiency and ammonia nitrogen
emission intensity of the corresponding cities and
years.

EFand;s—EFand;;_4

AEFand;; = Erandi, 25)

INand;—INand;¢_
AlNand;, = BT — 26)
Calculation of Environmental Value per Unit
Pollutant Emission Reduction

This study takes the investment profit margin into
account when determining the environmental value of
pollutant emission reduction and resource saving. The
calculation method is shown in Formula (27).

P = bfiex(1+7i¢)
v QPic 27)

P”J is the environmental value of the ;j pollutant
emission reduction in the t period of city i (unit price);
bfw is the operating cost of the j pollutant disposal
facility in the ¢ period of city 7 r,, is the industrial
enterprises’ ratio of profits to cost in the # period of city
i; QP, is the amount of the j pollutant removed in the
city i durlng the ¢ period.

For the sake of convenience, taking the proportion
of the amount of a pollutant removed in each year to the
total amount of the pollutant removed during the whole
studied period as a weight, calculate each pollutant’s
weighted average environmental value in each city
respectively, which is used as the basic parameter to
calculate the total environmental value of resource
saving and pollutant emission reduction caused by
FEECEP in every prefecture-level city. The calculation
method is shown in Formula (28).

_ e (QPlc,XPn,)
Pyj t=T, g;ipr ©8)

The operating cost of industrial waste gas disposal
facilities in provincial statistical data includes the
sub-data of operating costs of installations for
desulfurization, denitration, and dedusting, and the data
of removal amount of every pollutant are also available,
so it is not difficult to obtain the average disposal cost
of each year for every pollutant. However, the operating
cost of industrial waste water disposal facilities in
provincial statistical data does not includes the sub-
data of operating costs of installations for removals of
chemical oxygen demand and ammonia nitrogen, which
makes it more difficult to obtain the costs of this two
pollutants emission reduction. The COD and ammonia
nitrogen removal cost parameters of sewage treatment
plants exist in the relevant literature [19]. Considering
the regional differences, we take the proportion (1:7)
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between removal costs of COD and ammonia nitrogen
in this literature as a key parameter to calculate
the environmental values of COD and ammonia
nitrogen emission reduction in Shandong province and
its prefecture-level cities.

Taking the proportion of the amount of a pollutant
removed in each prefecture-level city to the total amount
of the pollutant removed in whole Shandong province
as a weight, calculate each pollutant’s weighted average
environmental value (p/.) respectively, which is used as
the key parameter to calculate the environmental value
of resource saving and emission reduction caused by
FEECEP of the whole province, as shown in Formula
(29).

_y9 (QPiXPij
Pj - i=1( 9 P
i=1 QPij

29)

P, is the weighted average environmental value
per unit of j pollutant emission reduction in Shandong
Province; QP is the removal amount of the j
pollutant in city i during the period from 2007 to 2015;
P, is the weighted average environmental value per
unit of emission reduction of the j pollutant in city 7
i=1,2, .. 9, which represents 9 prefecture-level cities
in Shandong Province, these cities have itemized data
on the operating costs of disposal installations for every
pollutant studied in this paper, and the other 8 cities
lack this kind of data, so they will not be considered
here.

Accounting Method of Environmental Value
of Resource Saving

Formula (30) can be used to calculate the emission
reduction of pollutants caused by resource saving.

QPict =TQE; X (30)

QP, ., is the total amount of greenhouse gas emission
reduction caused by government FEECEP in the ¢
period of city i; T QE,, is the total amount of energy
saving (the total amount of water saving when
calculating ammonia nitrogen and COD) in the ¢
period of city i, a is the carbon dioxide emission factor
per unit of standard coal and its value is 0.67 t/tce
(ton/ton of standard coal equivalent) [20]. When
calculating the environmental value of water saving,
QP, , is the total amount of emission reduction of COD
or ammonia nitrogen caused by government FEECEP
in the ¢ period of city i; o is the concentration of COD
or ammonia nitrogen per unit of industrial wastewater.
According to the Integrated Wastewater Discharge
Standard (GB 8978-1996), the highest allowable
discharge concentration of chemical oxygen demand
(COD) is 100 mg/L, and that of ammonia nitrogen is
15 mg/L.

Positive Externality Monetization Measurement
Model

With the help of the econometric model parameters,
this study calculates the positive externalities of
industrial enterprises’ relevant economic activities
caused by government FEECEP in each prefecture-
level cities in Shandong Province in recent years. The
calculation method is shown as Formula (31).

Exiy = X7_1TQP;j X Py 31)

Ext,, is the positive externality of industrial
enterprises caused by the government FEECEP in the
t period of city i; TQP,, is the total emission reduction
of the j pollutant in city i, and its calculation method is
the same as that of energy saving, which is shown as
Formula (22) and Formula (23). i = 1, 2, ..., 6, which
represents serial number of five industrial environmental
pollutants, including sulfur dioxide, nitrogen oxide,
smoke and dust, ammonia nitrogen, chemical oxygen
demand, and the greenhouse gas carbon dioxide; P, is
the environmental value per unit of emission reduction
of the j pollutant in city i.

The industrial positive externality scale (SDEx,) of
the whole Shandong Province caused by the government
FEECERP is calculated as shown in Formula (32). P is
the environmental value generated per unit of emission
reduction of the j pollutant of Shandong Province.

SDEx, = ¥0_, X5_,(TQP, ; x P) (32)

Performance Evaluation Index of the Government
FEECEP

According to the connotation of internalization of
externality, government should compensate the loss of
the industrial enterprises’ private benefits generated
by implementing activities with positive externalities,
which is equal to the part of enterprises’ private benefits
that is lower than the social benefits of this kind of
activities, and the internalization degree of positive
externality can be used as the evaluation standard of
the performance of government FEECEP performance
in the whole industrial system. Based on this idea, we
construct a performance evaluation index, which is
shown as Formula (33).

t=2017
_ XeSso11Exie

BT = ST ecu (33)

Enp, is the performance evaluation index of
government FEECEP in city i (which is also suitable
for the performance evaluation of whole Shandong
Province) from 2011 to 2017; ec,, is the amount of
this kind of expenditure in the ¢ period of city i; f§ is
the proportion of government energy conservation
and environmental protection funds invested in the
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industrial field. But this proportion has an obvious
characteristic of spatiotemporally fluctuations, and
the relevant data are difficult to obtain. Drawing on
experience of the scenario analysis method, we assign
five values in turn to parameter §: 1, 0.85, 0.7, 0.55, and
0.4 in order to take into account the actual situation of
different regions when evaluating the performance of
government FEECEP.

If government FEECEP is regarded as a cost
and positive externalities caused by this kind of
expenditure as its benefit, the average income is equal
to the average cost when the positive externalities
of industrial enterprises’ relevant activities are
completely internalized, then the value of Enp, should
be equal to 1.

According to the difference between the actual value
of the performance evaluation index each year and 1,
the performance of FEECEP is divided into five grades:
that the value is bigger than 0.9 is high-efficient level,
that 0.8 to 0.9 is good level, that 0.7 to 0.8 is medium
level, that 0.6 to 0.7 is qualified level, and that less than
0.6 is inefficient level.

Table 13. Results of model estimation.

Results and Discussion
Estimation Results of Econometric Models

The panel data used in this study covers the data
of 17 prefecture-level cities in Shandong Province
from 2007 to 2017. Due to the lag effect of the third
period, only eight years from 2010 to 2017 remain in
the actual investigation period, which is a typical short
panel. Because of the short investigation period and
less information for each individual, it is impossible
to discuss whether the error term has autocorrelation.
Generally, it can be assumed that the error term is
independent and identically distributed, so this study
does not consider the autocorrelation of the models.

GMM (Generalized method of moments) of panel
data would be more efficient when the number of
instrumental variables is more than the number of
endogenous explanatory variables [18]. This study
considers employing the instrumental variable method
to estimate the models. The estimation strategy
revolves around the core explanatory variables and
the explained variables, and adopts the method of

Model @) 3) (C)) (5) (6) ) ®)
Explanatory variable LNenergy LNh2o LNemso LNemnox | LNemand | LNemyan | LNemcod
-0.2577%*%*% | -0.2117%%*% | -0.8300*** | -0.8481*%* | (0.9792*** | -0.3451%** | -1.1950%**
LNcompl
(0.0214) (0.0323) (0.1031) (0.1289) (0.0918) (0.1157) (0.0627)
— -0.0291%%* — -0.0681%** — — —
LNcomp2
(0.0039) (0.0174)
LNcomp3 — — — — — — —
-0.1428%* -1.69813*** | -2.0499%** — — —
LNinin
(0.0795) (0.3175) (0.4394)
— -0.0165%* 0.07215%* — -0.0583%** 0.0737** —
LNgp
(0.0094) (0.0320) (0.0288) (0.0355)
— — 2.0135%** 1.9737%** — 2.0810%*** —
LNcf
(0.5814) (0.6522) (0.6469)
-0.1784%** — — — -0.5542%* -0.9872%%* —
LNhr
(0.0872) (0.3129) (0.3858)
LNIshra LNIshra LNlishui LNIshra LNIshra LNlishui LNIshra
v
LNcshou LNcshou LNcshou LNcshou LNcshou LNcshou LNcshou
Centered R? 0.6442 0.4776 0.6955 0.7967 0.7278 0.2551 0.7647
Cragg-Donald Wald F 577.81 443773 107.202 54.155 450503 | 506472 | 788.624
statistic:
Sargan statistic 1.415 0.089 2.924 1.590 1.567 2.630 0.017
p-value 0.2343 0.7660 0.0873 0.2073 0.2106 0.1049 0.8972
Annotation: The symbol “—" indicates the variables that have been eliminated from the model estimation. The numbers

in parentheses are standard errors. The symbols *, ** and *** are significant at the level of 10%, 5% and 1%.
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incorporating all the non-core explanatory variables
at the beginning and then eliminating them in turn
until the model parameters all are significant. In this
study, three new variables generated from the two core
explanatory variables and their third-order lag variables
by the principal component method are used as main
explanatory variables when estimating the models.
The model assumes that there is only one endogenous
explanatory variable, namely compl (containing 76%
of the information of two core explanatory variables).
Two instrumental variables selected from the three
alternative instrumental variables, which can pass
the weak identification test and overidentification
test of all instruments, are employed to participate in
the model estimation. The regressions are executed
by an unofficial Stata command named xtivreg2. The
estimated results of the models are shown in Table 13.

The F statistics of the seven regression equations
are far greater than 10, indicating that the instrumental
variables used in the model are strong instrumental
variables [21]. Overidentification test is analyzed by
the use of Sargan statistics [22]. The P value shows
that only Model (4) rejects the null hypothesis at a
significance level of 10%. The other five models accept
the null hypothesis. Namely, all instrumental variables
are exogenous.

Performance Evaluation of FEECEP of Shandong
Province and its Prefecture-Level City

Making use of the operating cost of pollutant
disposal facilities of industrial enterprises and
the amount of each pollutant removal during the
investigation period in each prefecture-level city, the
environmental value per unit pollutant reduction in
Shandong Province and its nine prefecture-level cities
were calculated, its values are shown in Table 14.

Industry is an important field of energy conservation
and environmental protection, but there is no itemized
expenditure data on government FEECEP. Therefore,
the evaluation of performance of government FEECEP
in industrial system can only be carried out by scenario
analysis method. Industry is a major source of pollution
and energy consumption, and government fiscal
expenditures for energy conservation and environmental
protection is bound to give priority to industry. This
study sets up five scenarios, that is, assuming that
industry accounts for 40%, 55%, 70%, 85%, and 100%
of this expenditure; the effects of RSPER caused by
this expenditure will last for 10, 15 and 20 years. At
the same time, the effect of energy saving and pollutant
emission reduction caused by this kind of expenditure
is divided into two cases: only playing its role within
the scope of the industrial scale of the current year
and continuously playing its role within the scope
of all subsequent industrial scales. According to the
calculation method of the performance evaluation
index of FEECEP, the performance evaluation index of
Shandong Province and its prefecture-level cities from
2011 to 2017 can be obtained, as shown in Table 15-1.
Since that the econometric model employs statistical
principles to calculate the quantitative relationship
between explanatory variables and explained variables
of the research object over a certain period, it is of little
significance for policy guidance to calculate the specific
value of performance evaluation index of this kind of
expenditure in every year, so the relevant calculations

are omitted.

The research results show that, for Shandong
province and Jinan City, the value of performance
evaluation index can be confirmed as high efficiency
only under certain conditions that 40% of government
FEECEP has been expended in industrial system, the
time that its effects work continuously with the growth

Table 14. The environmental value per unit pollutant reduction in Shandong Province and its nine prefecture-level cities.

Pollutant SO, Ammonia nitrogen NO, COD Smoke and dust Co,
Price US$/ton US$/ton US$/ton US$/ton US$/ton US$/ton
Shangdong 139.7763 1786.1316 668.3766 255.7254 11.8377 15.1766
Jinan 212.6239 2177.3839 1461.2011 381.5392 26.8625 15.1766
Qingdao 140.6869 2329.7567 485.0435 360.4438 11.0789 15.1766
Zibo 142.8116 2583.6609 617.8386 383.9675 13.5072 15.1766
Zaozhuang 83.6230 959.1598 316.7352 146.4540 5.1600 15.1766
Yantai 111.5479 1912.8561 461.0645 265.7419 9.4095 15.1766
Weifang 129.3045 1666.5402 641.3622 229.1664 9.8648 15.1766
Jining 147.5164 999.8331 526.1720 218.2392 6.8295 15.1766
Tai’an 99.1031 2508.3851 472.1434 328.7247 8.0436 15.1766
Rizhao 247.6818 800.2610 1119.7280 114.7349 22.6131 15.1766

Annotation: The price of carbon dioxide refers to the price of Beijing carbon emission market [23]
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Table 15-1. Performance evaluation Index of FEECEP of Shandong Province and Jinan city from 2011 to 2017.

Duration/year Duration/year
District Type Industry proportion District
10 15 20 10 15 20

100% 0.12 0.17 | 0.23 0.12 0.18 0.24

85% 0.14 0.21 0.27 0.14 0.21 0.28

Stable scale 70% 0.17 0.25 | 033 0.17 0.26 0.34

55% 0.21 032 | 0.42 0.22 0.33 0.44

40% 0.29 0.44 | 0.58 0.30 0.45 0.60

Shandong Jinan

100% 0.15 025 | 037 0.14 0.25 0.38

85% 0.17 0.29 0.43 0.17 0.29 0.44

Scale Increase pro- 70% 021 | 035 | 052 021 | 036 | 054

gressively
55% 0.27 0.45 | 0.67 0.26 0.45 0.68
40% 0.37 0.61 0.92 0.36 0.62 0.94

Annotation: Industry proportion refers to the share of government FEECEP expended in the industrial system; stable scale means
that the effects of RSPER of this fiscal expenditure only play a role within the industrial scale of the current year; scale increase
progressively means that the effects of RSPER can play a similar role with the growth of industrial scale. The duration is the time
during which the positive externality caused by government FEECEP would continuously work. Limited by the availability of data,
the value of performance evaluation index of Shandong Province is calculated using the data of energy conservation and pollutant
emission reduction of nine prefecture-level cities , while the environmental values per unit pollutant emission reduction is calculated
using 17 prefecture-level cities in Shandong Province.

Table 15-2. Performance evaluation index of FEECEP of prefecture-level cities in Shandong Province from 2011 to 2017.

Duration/year Duration/year
District Type IndustFy i District Y
proportion 10 15 20 10 15 20

100% 0.15 0.25 0.37 0.16 | 026 | 037
85% 0.18 0.29 0.43 019 | 030 | 043
Qingdao srcsge[::fzf; 70% 0.21 0.36 0.53 Zibo 024 | 036 | 052
55% 0.27 0.45 0.67 030 | 046 | 0.66
40% 0.37 0.63 0.92 041 | 064 | 091
100% 0.06 0.11 0.16 007 | 012 | 0.19
85% 0.08 0.13 0.19 008 | 014 | 022
Zaozhuanag f)f;‘; ;::fi:; 70% 0.09 0.16 0.23 Yantai | 0.10 | 0.7 | 027
55% 0.12 0.20 0.30 0.13 | 022 | 034
40% 0.16 0.27 0.41 0.17 | 030 | 047
100% 0.16 0.26 037 0.10 | 018 | 027
85% 0.18 0.30 0.44 0.12 | 021 | 031
Weifang ;fj;;;fjﬁ; 70% 0.22 0.37 0.53 Jining | 0.15 | 025 | 038
55% 0.29 0.46 0.68 0.19 | 032 | 048
40% 0.39 0.64 0.94 026 | 044 | 0.66
100% 0.04 0.06 0.09 008 | 014 | 023
85% 0.04 0.07 0.11 0.1 | 017 | 027
Tai'an ;fj;;::fjﬁs 70% 0.05 | 009 | 013 | Rizhao | 0.2 | 021 | 033
55% 0.06 0.11 0.17 0.15 | 026 | 042
40% 0.09 0.15 0.23 021 | 036 | 057
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Table 16. The structures of positive externality of industrial system in Shandong Province and its main prefecture-level cities.

Area COD Ammonia nitrogen | Nitrogen oxides | Sulfur dioxide | Smoke and dust Carbon dioxide
Shandong 0.04 0.02 0.37 0.08 0 0.48
Jinan 0.05 0.02 0.49 0.13 0.01 0.30
Qingdao 0.02 0.02 0.26 0.05 0 0.65
Zibo 0.10 0.05 0.36 0.09 0 0.41
Zaozhuang 0.05 0.02 0.23 0.09 0 0.62
Yantai 0.05 0.01 0.31 0.08 0 0.55
Weifang 0.04 0.03 0.36 0.13 0 0.44
Jining 0.04 0.01 0.51 0.15 0 0.29
Tai’an 0.03 0.02 0.32 0.06 0 0.56
Rizhao 0.03 0.01 0.25 0 0.02 0.69

of industrial scale could reach 20 years. This scenario
can also apply to prefecture-level cities of Qingdao,
Zibo and Weifang. Other prefecture-level cities can
only be confirmed as qualified or inefficient even under
same standards compared with three cities mentioned
above. Therefore, we can generally conclude that the
performance of FEECEP expended in industrial system
of Shandong Province or its prefecture-level cities is
relatively low (Table 15-2).

The Structure of Positive Externality

Different regions have different industrial
structures, and different industrial structures result in
different pollutant components in regional industrial
wastewater and industrial waste gas, which means that
the main tasks of energy conservation and pollutant
emission reduction in different regions are different,
that is, government fiscal expenditure structures for
energy conservation and environmental protection
have regional differences. Figuring out the positive
externality structure is of great significance for
optimizing government fiscal expenditure structure
for energy conservation and environmental protection,
and thereby improving the performance of energy
conservation and environmental protection funds.
Positive externality structures of industrial system in
each prefecture-level city can also be obtained when the
effects of RSPER and the industrial positive externality
scale measured in currency are worked out. The data
are shown in Table 16.

The results of the study show that the positive
externality of industrial system measured in currency
in Shandong Province and its prefecture-level cities
is mainly composed of three parts: the environmental
values of carbon dioxide emission reduction, nitrogen
oxide emission reduction, and sulfur dioxide emission
reduction. The environmental value of carbon dioxide
emission reduction plays an absolutely dominant
role in the positive externalities. The proportion of

the Shandong Province is 48%, the city with the
highest proportion is Rizhao, which reaches 69%, and
the city with the lowest proportion is Jining, which
also reaches 29%. Secondly, the environmental value
generated by NOx emission reduction accounts for
a high proportion of positive externalities; for the
entire Shandong Province, this proportion reaches 37%.
The environmental value of sulfur dioxide emission
reduction ranks third, which is much lower than the
former two, indicating that the government fiscal
expenditure for energy saving has not achieved an
obvious effect of sulfur dioxide emission reduction. This
is far from the people’s subjective impression that the
government has done a lot of work to reduce emissions
of this pollutant. There may be two reasons. One is that
the share of fiscal expenditure for desulfurization is
very low, and the other is that there may be a problem of
inefficient use of funds. The relevant mechanism needs
to be further studied. The environmental value of the
other three pollutants emission reduction accounts for a
small proportion of the positive externalities, especially
smoke and dust, which accounts for close to zero. The
low proportion of the emission reduction of COD and
ammonia nitrogen in positive externalities measured in
currency reveals a fact that the share of FEECEP used
to strengthen industrial wastewater disposal in the past
decade is not high, which is highly consistent with the
situation reflected in Table 4.

Conclusions

To sum up, this study gets the following conclusions:

(I) The internalization degree of positive
externalities is a suitable indicator for evaluating the
performance of government expenditures for energy
conservation and environmental protection. Judging
from the performance evaluation index of Shandong’s
fiscal energy conservation and environmental protection
expenditure, the issue that needs attention in energy
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conservation and environmental protection is not
just how to increase investment, the more important
issue that makes this kind of expenditure better play
the role of RSPER is how to completely internalize
the industrial positive externalities caused by this fiscal
expenditure, that is, how to improve the performance
of this kind of fiscal expenditure. This is an issue that
is generally ignored by academia and government
functional departments in practice. If we do not
correct the concept in time and greatly increase the
scale of this expenditure, the general method of work
that obtains the effect of RSPER by increasing fiscal
expenditure in this field would reduce the efficiency
of the market allocation of social resources because
the government has invested too many resources
although the governmental goal of RSPER will also be
achieved.

(2) The environmental value generated by unit
pollutant emission reduction or unit resource saving
plays a key role in the performance evaluation of
government FEECEP. The performance evaluation
index of FEECEP is closely related to the estimation
of environmental value generated by the emission
reduction of unit pollutants. The latter has always been a
controversial topic, and there is a huge gap between the
environmental values of pollutant emission reduction
given by different scholars. For example, theoretically
speaking, that taking the quotient of annual operating
cost of desulfurization facilities and the annual
removal of sulfur dioxide as the environmental value
of unit sulfur dioxide emission reduction should be an
underestimation. The parameters obtained in this way
are only the operating costs of desulfurization facilities
to remove sulfur dioxide under the current technical
level, which is a different concept compared with the
environmental loss caused by the same amount of sulfur
dioxide discharged into the atmosphere. It is the key
link to improve expenditure performance to reasonably
determine the environmental value generated by
pollutant emission reduction and resource saving.

(3) The statistical system in the field of
environmental protection expenditure in China has yet
to be improved. The FEECEP has been listed separately
in the national finance only since 2007. In terms of
this expenditure, the relevant statistical system has not
been fully established. For example, the detailed data
of this expenditure in every industrial sector should
be included in the relevant statistical system, so that
government and researchers can obtain more sufficient
information, so as to create more favorable conditions
for optimizing the expenditure structure and improving
the expenditure’s performance.

(4) There are huge spatial differences in the
environmental value of pollutant emission reduction.
Taking the environmental value per unit of nitrogen
oxide emission reduction as an example, Zaozhuang
is only equivalent to less than a quarter of Jinan, and
Qingdao and Taian are equivalent to approximately one
third of Jinan. This shows that it is very inaccurate to

ignore the regional differences in the environmental
value of pollutant emission reduction to evaluate the
performance of government FEECEP. The current
research on the performance evaluation of government
FEECEP based on China’s provincial panel data using
DEA method should take the environmental value of
pollution reduction into account.

The deficiency of this study is that the evaluation
model involves many parameters, and the economic
environment on which the calculation of the parameter
values depends has a large uncertainty, which to a
certain extent makes the evaluation results also have a
large uncertainty. For example, the period during which
the effect of energy saving and pollutant emission
reduction of enterprises’ positive externalities will
continue to play a role, this study employs scenario
analysis method to calculate the scale of positive
externalities measured by monetization under the
conditions of 10, 15 and 20 years. In reality, this period
should have a more accurate value. How to make these
parameters more in line with the actual conditions
of economic operation is a problem that needs to be
addressed in the next step of this research.
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