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Abstract: Environmental pollution liability insurance is becoming increasingly important for China
to achieve its emission reduction targets. Insurance pricing is a crucial factor restricting the market
share of environment pollution liability insurance, from the perspective of the Black–Scholes pricing
model, which in turn has influenced the solvency of insurance companies in China. Firstly, this study
analyzes the problems existing in compulsory liability insurance for environmental pollution in China.
It proceeds with analyzing the price of compulsory environmental pollution liability insurance using
the Black–Scholes pricing model, and derives a high premium insurance rate of 2.44%. Moreover, it
performs a multivariate regression analysis using the asset and liability data, taken from the annual
report, to identify three key factors affecting the solvency adequacy ratio, namely, capital debt ratio,
reflecting the company asset structure; net interest rate on assets, reflecting the asset scale with actual
solvency; and claim ratio, reflecting the business quality. Based on the results of regression analysis
and robustness test for the China Insurance Clauses (CIC) company, People’s Insurance Company
of China (PICC), and Asia-Pacific Property & Casualty Insurance (API) company, it is shown that
the effect of total asset, total debt, capital debt ratio, claim ratio, and net interest rate on assets on
the solvency adequacy ratio is significant, with respect to the size of the coefficients. Based on the
Black–Scholes pricing model found in the previous cycle of liability insurance, and keeping in view
the existing problems of environmental pollution liability insurance expenditure, this paper presents
suggestions that are conducive to improving the solvency of insurance companies in China.

Keywords: environmental pollution liability insurance; pricing; solvency; insurance company;
Black–Scholes model

1. Introduction

Increasing environmental protection expenditure is important for carbon dynam-
ics and to maintain the ecological and environmental balance in China [1]. Both green
insurance subsidies and government subsidies promote firms’ innovation, but a green
insurance subsidy owns lower risk than a direct subsidy to innovate [2]. In these indus-
tries, entities might have stronger incentives to invest in leading time reduction and in
information acquisition.

1.1. Research Motivation

Energy Performance Contracting (EPC) is effective in expanding channels of informa-
tion and reducing transaction and implementation costs. EPC is a market-based energy-
saving mechanism. From 2006 to 2010, investments in EPC projects increased approximately
10 times [3]. China had 782 Energy Service Companies (ESCOs) in 2010 [4]; in addition,
EPC involves a large amount of investment, long cycle, and high return on investment.
Due to the limited investment capacity of economic, social, and cultural organizations,
bank loans have become the main source of funding EPC [5]. According to the “shared
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savings contract”, an ESCO is responsible for shared savings [3]. The shared savings
contract is suitable for countries that transfer risks, such as developing countries. Shared
savings contracts are widely used in China; this is partially due to the decline in the EU’s
willingness to invest in energy dialogues. Moreover, the government’s support is also
an essential reason why shared contracts are widely used in China. The empirical study
in [6] found that energy-saving levels are highly uncertain. After investigating the market
performance of 63 ESCOs in the US, we found that in the 369 survey responses, 57% of the
projects achieved better energy savings than expected, 30% were lower than expected, and
only 13% were as expected. The uncertainty of the energy-saving levels of these projects
directly leads to the uncertainty of single-stage energy savings. Due to the uncertainty
of energy savings, the current energy service industry in China is in a marginal period.
The energy-saving measures and indicators reflect the importance of energy-saving and
emission reduction insurance products.

The failure of personnel and technology to keep up with the development of the EPC
market is a big obstacle [7]. According to a case study of the Norwegian municipal authority,
determined and decisive decision-makers in the public sector can promote EPC to find
better solutions and increase the possibility of outsourcing. The three-model energy-saving
service companies that were established after the implementation of the World Bank–GEF
Energy Saving Promotion Project in 1997 include Yuanshen Energy Saving Technology Co.,
Ltd. of Beijing, China, Energy Saving Technology Co., Ltd. of Shenyang, China, and Energy
Saving Engineering Co., Ltd. of Jinan, China [8]. From 1997 to 2006, the efficiency of energy
consumption increased steadily. Up to 475 energy-saving projects have been implemented
in 405 enterprises, with a total investment of more than CNY 133.1 million. Through these
projects, ESCOs obtained a net profit of CNY 420 million; the net income of customers is
equivalent to 8 to 10 times that of the ESCOs. The energy-saving levels of these projects
reached 15.1 billion tons of standard coal, and the resulting carbon emissions reduced to
1.45 million tons per year, indicating that EPC has sufficient capacity to develop in China.

Climate change is a risk that insurance companies cannot cover [9], but environmental
risks meet the insurer’s underwriting conditions. Adam Whitmore [10] analyzed the cli-
mate change problem caused by environmental pollution, and he applied the externality
model to the climate change problem and proposed a solution that combines compulsory
liability insurance and government measures to mitigate these problems. Lockett Nick
made a comparative analysis of insurance coverage in Europe and the US and proposed
corresponding countermeasures [11]. The dynamic changes in industrial enterprises’ de-
mand for environmental pollution liability insurance is analyzed by studying the emission
reduction system of enterprise risk management and other types of enterprise management
in environmental protection [12]. Regarding model selection research, insurance models
for environmental liability insurance in various parts of the world and China include
mandatory and voluntary insurance models. The effective resolution of environmental
pollution victims’ claims requires that environmental liability insurance is legislatively
enforced [13]. The US and Sweden are typical of compulsory environmental liability in-
surance. The insurance coverage and protection of compulsory environmental liability
insurance is considered in the US in [14]. The insurance coverage and insurance models
of environmental pollution liability in the US and the UK is compared in [15]. In the UK
and France, voluntary insurance is the main model. Industries under special laws and
regulations, such as oil, mining, and nuclear energy, have adopted a mandatory model.
Feng Yan et al. conducted a comparative case study between voluntary (Chongqing City)
and mandatory (Wuxi City, Jiangsu Province) pollution insurance to assess local pollution
insurance practices in China [16]. They explained the differences in policies, pollution
control, and attitudes of companies with reduced emissions in the development of the
pollution insurance market in Chongqing and Wuxi. They believed that compulsory envi-
ronmental liability insurance is essential for the government to establish a comprehensive
energy-saving emission reduction insurance system.
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Regarding system construction research, Ji Maggie (2012) posited that there are two
types of insurance policies, which are independent environmental pollution liability and
public liability insurance [17]. A detailed introduction to the application of the green
insurance policy model in the US, its development background, and its impact on emission
reduction are given [18]. Moreover, the risks and scope of underwriting are discussed.
John Merrifield believed that risk transfer is the fundamental reason for the existence and
development of environmental liability insurance. The risk of environmental accident
compensation requires that the insured shares the damage compensated for [19]. The
practice of environmental liability insurance is analyzed, and for green insurance to be
effective, it should be compulsory liability insurance [20]. The current development status
of the green insurance business in some countries, such as the US and the UK, as well
as the EU, is discussed in [21]. The success of green insurance is attributed to the joint
underwriting of insurance companies that have designed many new policies to suit the
market demand. A variety of environmental governance methods is analyzed, and the
use of economic methods to improve the environment is relatively efficient [22]. The
development and limitations of environmental expenditure and revenue policies in the US,
the UK, and Sweden are discussed. Moreover, the policy effects of emission reduction in
the expenditure and revenue system is explained [23].

Based on the methodologies of previous studies, the Black–Scholes pricing model is
an option pricing model of a binary tree, which has great influence on the development
of a financial asset pricing model. We studied the impact of environmental pollution
liability insurance pricing on the solvency of insurance companies in China, based on the
Black–Scholes pricing model. The results of this study could contribute to innovations in
China’s carbon financial markets.

1.2. Research Design

The use of various economic measures to encourage environmental protection is pro-
posed, including sewage permission and environmental expenditures and subsidies [24].
Using environmental expenditures instead of other types of expenditures can improve
expenditure and revenue efficiency while protecting the environment; this proves the exis-
tence of a “double dividend” [25]. The collection of carbon expenditure could play a role in
reducing carbon emissions so that the overall effect of the expenditure and revenue burden
can be reduced. However, some scholars [26] have doubts about the double dividend. The
computable general equilibrium (CGE) model was used to analyze the double dividend
and it was found that it was not realized [27]. The double dividend of environmental
expenditure has two types: strong and weak double dividends. The weak double dividend
can protect the environment while reducing the expenditure and revenue burden, whereas
the strong double dividend can also increase the efficiency of the expenditure system [28].
For small economies, the double dividend effect on environmental expenditure exists in the
long run. Carbon expenditure through the dynamic CGE model was analyzed and there
was a weak double dividend of carbon expenditure, but it was difficult to determine the
existence of a strong double dividend [29]. Although environmental expenditure leads to
an increase in resource prices in the short term, it promotes growth in employment and
enterprise innovation in the long term [30].

Ackermana et al. measured the hidden trade-embodied carbon emissions in US–Japan
trade, and using the input–output model, he estimated that in 1995, the US’s trade-
embodied carbon emissions in US–Japan trade reduced by 14.6 million tons. However,
Japan’s carbon emission only increased by 6.7 million tons, and the US–Japan trade saved
the world about 7.9 million tons of carbon emissions. This shows that the carbon emis-
sions of the US exceed that of Japan, and reasonable trade between them is conducive to
promoting energy-saving and reducing emission [31]. Some scholars [32] hold that car-
bon emissions reduction expenditure violates the World Trade Organization (WTO) rules.
Syunkova (2007) believed that the US carbon emission reduction policy requires importers
to purchase emission allowances, which increases the cost of imported products [33]. The
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life cycle assessment (LCA) method is used to measure hidden carbon emission in the
Sino-US trade and estimated China’s carbon emission coefficient based on the US’s carbon
emission coefficient. It was found that the US is responsible for 7% to 14% of China’s
carbon emission [34].

The carbon emission reduction expenditure meets the General Agreement on Tariffs
and Trade (GATT) exception clause, and the implementation of carbon emission reduc-
tion expenditure policies affects economic trade [35]. Yan Dong and John Whalley [36]
constructed a CGE static model that includes the US, the EU, China, and other regions.
They simulated the scenario of the EU and the US levying a tax on imports to reduce
carbon emissions, and they found that the carbon emission reduction expenditure has an
insignificant impact on global carbon emission and trade. Although it was intended to
reduce the imports of the countries that were levied, such as China, their imports increased
while their exports decreased. The carbon emission reduction policy under the EU emission
system could effectively solve “carbon leakage”. However, the EU’s imposition of a levy to
reduce carbon emissions will positively affect its welfare, and the welfare of the countries
that are levied will be negatively affected [37]. The impact of carbon emission reduction
expenditure on the world trade pattern was studied, and the carbon emission reduction
expenditure imposed on China by the EU and the US will inevitably lead to the contraction
of China’s export [36]. Ben Lockwood and John Whalley believed that countries upon
whom the emission reduction levy is imposed can find other ways to replace it [38].

The above studies provided reference experience and new ideas for this research and
related topics. Firstly, this study analyzes the problems existing in the compulsory liability
insurance for environmental pollution in China. It proceeds with analyzing the price of
compulsory environmental pollution liability insurance using the Black–Scholes pricing
model. Moreover, it performs a multivariate regression analysis using the asset and liability
data, taken from the annual report, to identify three key factors affecting the solvency
adequacy ratio, namely, asset–liability ratio, reflecting the company asset structure; net
interest rate, reflecting the asset scale with actual solvency; and loss ratio, reflecting the
business quality. Based on the results of regression analysis for the China Insurance Clauses
(CIC) company, People’s Insurance Company of China (PICC), and Asia-Pacific Property
& Casualty Insurance (API) company, total asset, total debt, capital debt ratio, claim ratio,
and net interest rate on assets, have effect on the solvency adequacy ratio.

1.3. Incremental Contributions

The use of expenditure and revenue could balance the environmental pollution prob-
lems caused by private sector emissions, and the use of taxation and subsidies could
promote social and private costs [39]. The government can increase the sewage charging
standards for enterprises to reduce pollutant emissions for economic benefits [40]. Due to
the difficulty in implementing sewage charges at the enterprise level and the rise in super-
vision costs, the information asymmetry between government and enterprise supervision
has reduced the efficiency of air pollution control [41]. For the long-term development
of an enterprise, sewage charges enhance the enterprise’s value and corporate image to
achieve good competitiveness, and it does not affect its economic growth negatively [42].
Based on China’s development status, if carbon emissions are included in the tax collection
scope in the expenditure and revenue system, it will enhance the harmonious development
of the society and distribution system [43]. Halkos (2013) selected the emission reduction
data of more than 70 countries from 1980 to 2000 for empirical research, and the results
showed that the governments’ capital investment and sulfur dioxide emissions have a
negative relationship. However, the level of fiscal expenditure does not affect the amount of
carbon emissions [44].

The multi-regional and multi-sector CGE model was used to study the reform effect
of EPT and the current EPT method was obtained that is used to mitigate the reduction
in domestic GDP and reduce emissions to the minimum [45]. The endogenous growth
theory was used to examine the impact of green expenditure reform on the growth of the
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economy by the authors of [46]. Their experiments showed that through redistribution
of inputs, environmental expenditure reform leads to positive growth dividends. A fully
differentiated expenditure rate system is more effective than current policies with similar
equity performance [47]. The fully differentiated expenditure rate system will increase the
overall health benefits of the current partially differentiated expenditure rate system by
43.1%. This shows that differentiation is essential in the design of the pollution expenditure
rate system in China. Xinghua Fan et al. (2019) showed the evolution of economic growth,
pollution intensity, and resource intensity when collecting environmental expenditure
from the perspective of the power system. Empirical research shows that environmental
protection expenditure plays an active role in the development of the green economy, which
not only promotes economic growth but also saves resources and reduces pollution [48].

Based on the results of previous studies [49,50], the rest of this paper is structured
as follows: the second part is the Methods and Materials. It contains the Black–Scholes
(B-S) differential equation, multiple regression model, and data collection. The third part
is the Results and Discussion. It contains a calculation of the premium rate of the B-S
pricing model of environmental liability insurance, and the main effect test on the impact
of total asset, total debt, capital debt ratio, claim ratio, and net interest rate on assets on the
solvency of insurance company. The fourth part is the Conclusion and Recommendations.

2. Methods and Materials
2.1. Black–Scholes (B-S) Differential Equation

Since researchers assume that the market price S of financial assets follows geometric
Brownian motion [16], there are:

dS = µS∆t + σS∆z (1)

Suppose f (S, t) is a function that depends on the market price S and time t, which can
be obtained from Formula (2):

d f = (
∂ f
∂S

µS +
∂ f
∂t

+
1
2

∂2 f
∂S2 σ2S2)∆T +

∂ f
∂S

σSdz (2)

During a short time ∆t:
∆S = µS∆t + σS∆z (3)

∆f = (
∂ f
∂S

µS +
∂ f
∂t

+
1
2

∂2 f
∂S2 σ2S2)∆t +

∂ f
∂S

σS∆z (4)

It can be seen from Formulas (3) and (4) that there is a common term ∆z, so as long as
the combination of the appropriate derivative financial assets and the underlying assets
is selected, the uncertainty can be eliminated. A combination of a short position of unit-
derived financial asset and long position of ∂ f

∂S unit underlying asset can be constructed.
The value of the asset portfolio is represented by π:

Π = −f +
∂ f
∂S

S (5)

After the time ∆t, the value change ∆π is:

∆Π = −∆f +
∂ f
∂S

∆S (6)

The following can be obtained by the simultaneous solution of Formulas (4)–(6):

∆Π = (− ∂f
∂t
− 1

2
∂2 f
∂S2 σ2S2)∆t (7)
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It can be seen from Formula (7) that the value of the portfolio is risk-free after the
time ∆t. Because the formula does not contain the term ∆z, the instantaneous yield
of the portfolio is equal to the risk-free return rate. Therefore, under the condition
without arbitrage:

∆Π = rΠ∆t (8)

It can be obtained by the simultaneous solution of Formulas (6), (7), and (8) that:

(
∂f
∂t

+
1
2

∂2 f
∂S2 σ2S2)∆t = r( f − ∂f

∂S
S)∆t (9)

The following can be obtained by simplifying and organizing:

∂f
∂t

+ rS
∂f
∂S

+
1
2

σ2S2 +
∂2 f
∂S2 = r f (10)

This is the Black–Scholes differential equation, which applies to the pricing of all
derivative assets whose price depends on the price S of the underlying financial assets.
When the call option expires, the option value is CT = max (ST− K, 0). Therefore, let C (S, t)
represent the price of the European call option at the time t, then:

∂C
∂t + rS ∂C

∂S + 1
2 σ2S2 ∂2C

∂S2 = rC

CT = max(ST − K, 0)
(11)

The following can be obtained:

C = SN(d1)− Ke−r(T−t)N(d2) (12)

where

d1 =
ln(S/K) + (r + σ2/2)(T − t)

σ
√
(T − t)

(13)

d2 = d1 − σ
√
(T − t) (14)

σ =
√

Var(dS/S) (15)

where C is the price of call option at time t, S is the market price of the underlying asset at
time t; K is the execution price of an option contract; r is the annual rate to represent the
risk-free interest rate; T is the term of an option contract, usually expressed in years; and
N (x) is the cumulative probability distribution function of standard normal distribution.
It can be seen that when the call option expires: CT = max (K − ST, 0), then the option
value is:

∂C
∂t + rS ∂C

∂S + 1
2 σ2S2 ∂2C

∂S2 = rC

CT = max(K− ST , 0)
(16)

Because the normal distribution has the numerical characteristics of N (x) = 1 − N (x),
the pricing formula of the put option is:

P = Ke−r(T−t)N(−d2)− SN(−d1) (17)

B-S is a pricing model of European options. The analysis of the characteristics of
compulsory liability insurance corresponds to the European put option; Equation (17)
presents the pricing formula. Then, the insurance premium rate is the insurance premium
divided by the insurance amount, as in Equation (18):

p = e−r(T−t)N(−d2)−
S
K

N(−d1) (18)
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where P is the premium, S is the market price of the underlying asset at time t; K is the
underwriting amount; r is the annual rate to represent the risk-free interest rate; T is
the term of the option contract, usually expressed in years; and N (x) is the cumulative
probability distribution function of the standard normal distribution.

2.2. Multiple Regression

The multiple regression method is used for the analysis of the above-discussed data.
First, the data taken from the annual report is used to calculate three factors that affect the
solvency adequacy ratio. In this paper, the asset liability ratio that reflects the company’s
asset structure, the asset net interest rate that reflects the actual solvency, and the loss
ratio that reflects the business quality are being used. The maximum likelihood estimation
and the ordinary least-squares evaluating model was applied to examine the main effects
between independent variables and dependent variables [51,52]. Suppose the regression
estimation expression is as follows:

SARit = α0 + α1TAit + α2TDit + α3CDRit + α4CRit + α5NIRAit + eit (19)

where i denotes the ith respondent; solvency adequacy ratio (SAR) is the dependent variable
in this study. TA, TD, CDR, CR, and NIRA represent total asset, total debt, capital debt ratio,
claim ratio, and net interest rate on assets, respectively.

2.3. Data Collection
2.3.1. B-S Calculation of Pricing Model

(1) Loss Calculation
Based on the premium income of environmental liability insurance, the premium

income of liability insurance, and the amount of liability insurance compensation, the
loss in compensation of environmental liability insurance is roughly calculated [53]. It
calculates the compensation amount of environmental liability insurance over the years.
The premium income and compensation of liability insurance in 2007 can be derived in
Table 1 as follows.

Table 1. Statistics of premium income and compensation of liability insurance in 2007.

Unit: CNY 100 Million 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Liability insurance
Premium 66.6 81.75 92.2 115.9 148.01 183.77 216.63 253.3 301.8 362.4

Liability insurance
compensate 26.25 33.08 38.9 44 57.07 75.14 89.21 107.72 129.3 166.23

Data source: China Environmental Pollution Liability Insurance Network: http://www.chinaepli.com/
(accessed on 31 December 2017); China Reporting Network: http://data.chinabaogao.com/ (accessed on
31 December 2017).

According to China’s compulsory liability insurance network for environmental pol-
lution, the national environmental liability insurance premium income in 2016 was CNY
280 million (Data Source: China Environmental Pollution Liability Insurance Network:
http://www.chinaepli.com/ (accessed on 31 December 2017), with over 4000 insurance
companies. According to the statistics from the National Development and Reform Com-
mission, by the first half of 2017, the total number of enterprises reached to 34,339 (Data
Source: China Reporting Network: http://data.chinabaogao.com/ (accessed on 31 De-
cember 2017). Here is a rough calculation of the loss of environmental liability insurance.
Accordingly, environmental liability insurance compensation/liability insurance compensa-
tion = environmental liability insurance premiums/liability insurance premiums * liability
insurance compensation/liability insurance premiums. The amount of environmental lia-
bility insurance compensation for the past years is presented in Table 2, which is calculated
based on Table 1.

http://www.chinaepli.com/
http://data.chinabaogao.com/
http://www.chinaepli.com/
http://data.chinabaogao.com/
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Table 2. Statistics of the amount of environmental liability insurance compensation in 2007–2016.

Unit: CNY 10,000 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Liability insurance compensate 2529.6 503.39 591.96 669.57 868.46 1143.4 1357.5 1639.2 1967.6 2529.6

Accordingly, loss amount = total number of companies insured for environmental
liability insurance/total number of companies * environmental liability insurance compen-
sation. Therefore, loss amount = 4000/34,339 * environmental liability insurance compensa-
tion. The amount of loss over the years is presented in Table 3, which is calculated based
on Table 1.

Table 3. Statistics of the loss amount of enterprises having environmental accidents during 2007–2016.

Unit: CNY 10,000 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Liability insurance premium 43.94 55.37 65.12 73.65 95.53 125.78 149.33 180.31 216.44 278.25

Because the B-S model assumes that there is no arbitrage in the market, to obtain more
rigorous data, the data of 2016 are taken as the benchmark for Table 3, and the data of
the remaining years are revised with an inflation rate of 4% to obtain Table 4, which is
calculated based on Table 1.

Table 4. Statistics of the loss amount of enterprises having environmental accidents excluding
inflation from 2007 to 2016.

Unit: CNY 10,000 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Liability insurance premium 63.45 76.76 86.65 94.09 117.16 148.09 168.78 195.65 225.46 278.25

(2) Establish Deductibles and Compensation Limits
China began piloting the compulsory environmental pollution liability insurance in

2013, and the scale of environmental liability insurance has been expanding since then.
Therefore, to obtain more rigorous data, the underwriting amount of 2.1703 million was
selected as the average loss amount for the period 2013–2016, which is more in line with the
actual development of environmental liability insurance [54]. This paper selects the round
figure of CNY 2.2 million as the compensation limit. According to the Journal of Safety and
Environment, published every two months for the past ten years, it is evident that most of
the environmental pollution losses are more than CNY 100 thousand, which is thus set as
the absolute deductible.

2.3.2. Pricing of B-S Model of Environmental Liability Insurance

As a kind of liability insurance, environmental liability insurance has no clear insur-
ance subject, so it can only roughly express the current market price with the amount of loss
compensation. It performs a hypotheses testing where SPSS software is used to perform
a single-sample K-S test on the loss amount of environmental liability insurance. The
data in Table 4 are used to obtain the results presented in Table 5, and obtain the p-value:
p = 0.2 > 0.05, which indicates that the current market price of environmental liability
insurance follows the normal distribution, i.e., follows the geometric Brownian motion.

At the same time, from Figure 1 it is also evident that the distribution of the line chart
of the loss amount coincides with the left half of the normal distribution chart.

2.4. Data Reduction by Different Companies

In this section, data from the macro- and micro-levels of the liability insurance category
to which the contract energy management insurance belongs are collected, organized, and
analyzed. On the macro-level, the data are analyzed from a nationwide perspective. On the
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micro-level, three large insurance companies that can provide contract energy management
insurance are selected and relevant data are collected from their annual reports for analysis.

Table 5. One-Sample Kolmogorov–Smirnov test form for the loss amount in 2007–2016.

VAR00001

N 10

Normal Parameters a,b Mean 145.4340
Std. Deviation 71.06075

Most Extreme Differences
Absolute 0.165
Positive 0.165
Negative −0.124

Test Statistic 0.165

Asymp. Sig. (2-tailed) 0.200
a. Test distribution is normal. b. Calculated from data.
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Figure 1. Statistics of the amount of environmental pollution losses in 2007–2016. Data source: Table 4.

2.4.1. Macro-Level

(1) Types of responsible property: according to the detailed list of classifications of
liability insurance products published in 2013, it can be seen that there are nine general
categories of responsible property, with a total of 55 types. The contract energy management
insurance products discussed in this article, that is, income liability insurance for energy-
saving projects, should fall into the category of product liability insurance. It is worth
mentioning that, due to the large number of product categories, only the top 20 are listed
by the potential market Forecast of Energy Performance Contracting (EPC) industry [55].

(2) Premium and compensation for national liability insurance. This article has
used the 10-year data collected from the National Bureau of Statistics for the period
2007–2016. The data will be arranged in the form of graphs and linear graphs (as shown in
Figures 2 and 3).

2.4.2. Micro-Level

In this section, three large insurance companies that provide liability insurance for
energy-saving projects are selected and sorted out according to the statistics published
in the annual reports for the period 2012–2017. The data include the company’s actual
and minimum capital, solvency adequacy ratio, and the ranking of liability insurance
in the company’s business [56]. The data in this paragraph are from 2012–2017 (the
data in Asia-Pacific Property & Casualty Insurance Co., Ltd. (API), Shenzhen, China, is
from 2010–2016).
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(1) China Insurance Clauses (CIC) Company
CIC is the second insurance company with legal personality in China. In 2013, the

company cooperatively developed the energy-saving income liability insurance. The actual
capital and minimum capital of CIC is described in Figure 4.
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100 million). Data source: China National Bureau of Statistics.
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It should be noted, that due to the implementation of the second generation of com-
pensation regulation in 2016, the measurement methods of actual capital are different,
so there will be a greater improvement in the data. Based on this, the solvency of the
insurance company for debts can be calculated by adequacy ratio = actual capital divided
by minimum capital, as shown in Table 6.

Table 6. The solvency adequacy ratio of CIC (2012–2017).

Year 2012 2013 2014 2015 2016 2017

Solvency adequacy ratio 167% 166.86% 171.27% 163.94% 290.61% 300.86%
Data source: Annual report of CIC.

According to the calculated solvency adequacy ratio, it can be seen that the company’s
solvency has reached the level of sufficient class II in these five years. From the statistics
provided in the company’s annual report, it is evident that the change in the solvency rate
is mainly because of the change in the company’s capital structure and business. In the
2012 annual report, we learned that the actual capital in 2011 was CNY –9962.29 million,
which directly led to the decrease of solvency adequacy rate to −346%, which can also
explain this problem. The following data shown in Table 7 are obtained and calculated
from the annual report of the company:

Table 7. Information of CIC (2012–2017).

Unit: CNY 1000 2012 2013 2014 2015 2016 2017

Total Asset 32,774,662 37,920,228 42,503,286 53,034,399 59,756,316 69,210,296

Total Debt 25,785,128 29,968,904 32,035,899 39,880,522 46,229,646 54,550,658

Capital debt ratio 78.67% 79.03% 75% 75.19% 77.36% 78.81%

Claim ratio 38.83% 36.87% 39.25% 35.48% 40.31% 43.66%

Net interest rate on assets 6.66% 3% 4.69% 4.61% 1.47% 1.86%

Data source: Annual report of CIC.

(2) People’s Insurance Company of China (PICC)
PICC is a comprehensive insurance company, which is one of the largest insurance

companies in China. In 2016, the company signed and developed ESCO service quality
assurance insurance and EMC contract future income right insurance with API. The actual
capital and minimum capital of PICC are described in Figure 5.

The calculation of solvency adequacy ratio is as follows shown in Table 8:

Table 8. Solvency adequacy ratio of PICC (2012–2017).

Year 2012 2013 2014 2015 2016 2017

Solvency adequacy ratio 175% 180% 239% 226% 287% 278%
Data source: Annual report of PICC.

In addition to the above, the annual disclosure report of PICC also published the
ranking of the main types of insurance in the company’s business. Overview of liability
insurance of PICC are described in Figure 6.

According to the statistics from the annual report, the retained premium of PICC
increases to a certain extent every year, which has led to the growth of minimum capital.
The rapid growth of business and the maintenance of higher profitability also affect the
minimum capital and actual capital at the same time. The decrease of solvency adequacy
ratio in 2015 is due to the fact that although the company redeemed the subordinated
term debt in full and completed financing supplementary capital, the growth rate of actual
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capital is lower than the growth rate of minimum capital, which also shows that a change
affecting the growth rate of both will also affect the change of adequacy ratio. In addition,
from the data of liability insurance, liability insurance has always been steadily ranked in
the top three, indicating that there will be more personnel assigned by the company, which
is also enough to show its importance. The following data are obtained and calculated from
the annual report of the company, as shown in Table 9.
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Figure 5. The Actual Capital and Minimum Capital of PICC (2012–2017). Data source: Annual report
of PICC.
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Figure 6. Overview of liability insurance of PICC (2012–2017). Data source: Annual report of PICC.

Table 9. Information of PICC (2012–2017).

Unit: CNY 1000 2012 2013 2014 2015 2016 2017

Total Asset 290,424 319,424 366,130 420,420 475,949 524,566

Total Debt 244,974 261,920 280,355 311,469 356,637 391,452

Capital debt ratio 84.35% 81.99% 76.57% 74.08% 74.93% 74.62%

Claim ratio 44.58% 42.73% 44.56% 44.47% 47% 44.99%

Net interest rate on assets 3.58% 3.30% 4.12% 5.19% 3.78% 3.77%
Data source: Annual report of PICC.
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(3) Asia-Pacific Property & Casualty Insurance Company (API)
API is a company mainly engaged in property loss insurance, liability insurance, credit

insurance, and guarantee insurance. In 2016, the company jointly developed ESCO service
quality assurance insurance and EMC contract future earning right insurance with PICC.
Actual and minimum capital of API are described in Figure 7.
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The calculation of solvency adequacy ratio based on the capital data is as follows
shown in Table 10:

Table 10. Solvency adequacy ratio of API (2010–2016).

Year 2010 2011 2012 2013 2014 2015 2016

Solvency adequacy ratio 146% 102% 441% 293% 202% 210% 514%
Source: Annual report of API.

The summary of liability insurance according to the annual report is as follows shown
in Figure 8:
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Figure 8. Overview of API liability insurance (2010–2016). Source: Annual report of API.

Compared to the previously discussed two large companies, the scale of API is rela-
tively small, and the establishment time is not long. Therefore, there exist large fluctuations
in the statistics provided in the data. This is mainly because the premium income from
financing and business of small companies is very unstable. For example, the solvency
adequacy ratio has shown an increase of increased 338% in 2012 because the company
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received CNY 1.01 billion of financing. However, it decreased by 148% in 2013 because
the comprehensive income was CNY −100.93 million, which affected the actual capital.
Although the data on premium income in 2015 exhibited negative growth, the adequacy
ratio rose by 8.07% because the decline in the actual capital was lower than the minimum
capital decline. Despite the implementation of the second-generation compensation, the
fact that the adequacy ratio exceeded 500% in 2016 is also because of an increase of CNY
2 billion of financing. Even though breaking through 500% is good news, it is not necessar-
ily a long-term and stable result for small and medium-sized companies. Information on
API is shown in Table 11 as follows:

Table 11. Information on API (2010–2016).

Unit: CNY 1000 2010 2011 2012 2013 2014 2015 2016

Total Asset 198,752 250,982 365,561 364,060 396,572 361,251 545,575

Total Debt 146,200 221,600 234,725 235,325 271,347 246,375 276,022

Capital Debt Ratio 73.55% 88% 64% 64% 68% 68.20% 50.59%

Claim Ratio 31.84% 33.63% 38.12% 37.85% 16.68% 184% 48.99%

Net Interest Rate on Assets −3.56% −9.21% 0.09% 0.08% −2.66% −2.68% −8.19%

Source: Annual report of API.

3. Results and Discussion
3.1. Calculation of Premium Rate of B-S Pricing Model of Environmental Liability Insurance
3.1.1. The First Step Is to Select a Risk-Free Interest Rate

The higher the risk-free interest rate of the European put option, the greater the
opportunity cost will be, and the higher will be the positive correlation. Under the premise
of satisfying all the assumptions of the B-S pricing model, the risk-free interest rate is
selected. The risk-free interest rate is usually the average of one-year treasury bonds in the
most recent year. That is, the average value of the interest rate of one-year national debt in
2017 is selected.

3.1.2. The Second Step Is to Calculate the Volatility

The possibility of the option buyer’s profitability is consistent with the change in the
price of the insurance subject. The greater the price volatility of the insurance subject, the
greater the possibility of the option buyer’s profitability, and the opposite is true for the
seller. The standard deviation of the compound yield within a certain period is the volatility
of the price of the subject-matter insured. u(i) is used to represent the price volatility of the
insurance subject in the i-th period, and it can be calculated from the data in Table 4.

E(ui) = 1.1799; [E(ui)]
2 = 1.3921; E(u2

i ) = 1.3954 (20)

Then, the Formula (21) is obtained:

σ =

√
E(ui − E(ui))

2

T − t
(21)

Therefore, σ = 0.0574.

3.1.3. The Third Step Is to Calculate the Insurance Premium Rate

The market price of the insurance subject is equal to the difference between the
insurance underwriting amount PV(S) and the policy’s expected loss P(S). Because of the
loss uncertainty, the comparison between the average loss of CNY 1.3775 million in the
past years (which can be calculated based on the data in Table 4) and the average number
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of environmental pollution accidents (106 times) that happened in the past (which can be
obtained from the data in Table 3) can be made to obtain the expected loss of the policy.

S = PV(S)− P(S) =
K− P(t)

1 + r
=

220− 1.2995
1 + 2.71

= 212.9296 (22)

The following can be calculated by substituting the above results into Formula (14):

d1 =
ln(S/K) + r + σ2/2

σ
= −0.0733 (23)

d2 = d1 − σ
√

T − t = −0.0733− 0.0559 = −0.1292 (24)

Based on the table of probability distribution, we can obtain:

N(d1) = 0.5292, N(−d2) = 10.5514 (25)

Therefore, the insurance premium rate should be

p = e−r(T−t)N(−d2)−
S
K

N(−d1) = 2.44 (26)

Based on the calculations above of the B-S pricing model, the premium income of
environmental liability insurance, the amount of liability insurance compensation, and the
loss in compensation of environmental liability insurance are roughly calculated for the
CIC, PICC and API, which is used for the main effect test of the regression analysis.

3.2. Main Effect Test
3.2.1. CIC

Taking the original data in Tables 6 and 7 of CIC as an example, the econometric
software Stata 16 is used to perform regression based on the confidence setting of 90%, and
the following output tables are obtained after processing the data of CIC as presented in
Tables 12 and 13.

SARi = −3.2878 + 0.2929TAi + 0.0449CDRi + 1.8823CRi − 0.1744NIRAi (27)

Table 12. Analysis of variance of CIC data.

Df SS MS F Significance F

Regression Analysis 4 0.4256 0.1064 10.31 0.2290
Residual 1 0.0103 0.0103

Total 5 0.4359

Table 13. Regression parameter table of CIC data.

Variables SAR 1 Standard Error T

TA 2 0.2929 *** 0.0414 7.07
TD 3 - - -

CDR 4 0.0449 1.0892 0.04
CR 5 1.8823 *** 0.4320 4.36

NIRA 6 −0.1744 *** 0.0372 −4.69
Constant −3.2878 - -

R-squared 0.9763
Adjusted R-squared 0.8816

1 SAR: solvency adequacy ratio; 2 TA: total asset; 3 TD: total debt; 4 CDR: capital debt ratio; 5 CR: claim ratio;
6 NIRA: net interest rate on assets. *** represents p < 1%.
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From the above regression equation, it is evident that, among all factors, total asset,
claim ratio, and the net interest rate on assets have a greater influence on the solvency
adequacy ratio. Based on the higher R-squared, it can be seen that these factors have only a
certain degree of impact on the solvency adequacy ratio. Furthermore, it can be seen that
the factor capital debt ratio has only a certain degree of impact on the solvency adequacy
ratio but not a decisive one.

3.2.2. PICC

Taking the original data of PICC as an example, the original data are presented in
Tables 8 and 9. Following a similar procedure, the following results are obtained after
processing the data of PICC. Stata 16 is used to perform regression based on the confidence
setting of 90%, and the following two output tables are obtained:

In the regression statistics presented in Tables 14 and 15, it is evident that independent
variables and the solvency adequacy ratio are also highly correlated, and the fitting degree
is good from the point of standard error. Furthermore, the significance F of the analysis
of variance table (ANOVA table) is 0.1471, which also shows that the significance of the
regression is not high due to the insufficient amount of data. However, from the final
regression parameter table, the equation is as follows:

SARi = −12.7481 + 9.0461TAi − 0.0001TDi + 19.6514CDRi + 8.9803CRi − 56.4684NIRAi (28)

Table 14. Analysis of variance of PICC data.

Df SS MS F Significance F

Regression Analysis 5 1.2952 0.2590 26.24367 0.1471
Residual 1 0.0099 0.0099

Total 6 1.3051

Table 15. Regression parameter table of PICC Data.

Variables SAR 1 Standard Error T

TA 2 9.0461 *** 2.7400 3.2988
TD 3 −0.0001 *** 3.8400 −3.2292

CDR 4 19.6514 *** 8.6160 2.2808
CR 5 8.9803 * 4.6747 1.9210

NIRA 6 −56.4684 *** 15.9622 −3.5376
Constant −12.7481 * 7.1748 −1.7768

R-squared 0.9924
Adjusted R-squared 0.9546

1 SAR: solvency adequacy ratio; 2 TA: total asset; 3 TD: total debt; 4 CDR: capital debt ratio; 5 CR: claim ratio;
6 NIRA: net interest rate on assets. *** and * represent p < 1% and p < 10%.

It shows that total asset, total debt, capital debt ratio, claim ratio, and net interest rate
on assets have a great influence on the solvency adequacy ratio. However, the p-value is
higher than the significance level of 0.05; it still can be seen that these factors have only a
certain degree of impact on the solvency adequacy but not a decisive one.

3.2.3. API

Taking the data of API as an example, the original data are presented in Tables 10 and 11.
Following a similar procedure, the following results are obtained after processing the data
of API. Stata 16 is used to perform regression based on the confidence setting of 90%, and
the following two output Tables 16 and 17 are obtained:
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Table 16. Analysis of variance table of API data.

Df SS MS F Significance F

Regression Analysis 5 13.4697 2.6939 4.4926 0.3431
Residual 1 0.5996 0.5996

Total 6 14.0693

Table 17. Regression parameter table of API data.

Variables SAR 1 Standard Error T

TA 2 1.6856 ** 8.6000 1.9605
TD 3 −2.2843 * 1.1800 −1.9283

CDR 4 91.1216 * 52.5091 1.7353
CR 5 0.1527 0.6198 0.2464

NIRA 6 −90.3570 * 48.4435 1.8652
Constant −62.5330 * 37.1771 −1.6820

R-squared 0.9574
Adjusted R-squared 0.7744

1 SAR: solvency adequacy ratio; 2 TA: total asset; 3 TD: total debt; 4 CDR: capital debt ratio; 5 CR: claim ratio;
6 NIRA: net interest rate on assets. ** and * represent p < 5% and p < 10%.

In the regression table, a multiple R (correlation coefficient) of 0.9784, which is used to
judge the correlation degree between independent variables and the solvency adequacy
ratio, indicates that the relationship between them is highly correlated. The adjusted R
square of 0.7744 also shows that the independent variable can account for 77.44% of the
dependent variable, and the remaining 22.56% should be explained by other factors. The
standard error is 0.7743, which indicates that the fitting degree is good. In the ANOVA
table, the regression effect is mainly judged by F-statistics. Since the data used for analysis
are for only 7 years (2010 to 2016), the sample size is small; the significance of F-statistics
in the table reaches 0.3431, indicating that the regression effect is not very significant. The
p-value also shows that all coefficient values are greater than the significance level of 0.05,
indicating that there is a certain correlation between the independent variable and the
dependent variable, but the correlation is not large. However, the regression equation
obtained from coefficients is:

SARi = −62.5330 + 1.6856TAi − 2.2842TDi + 91.1215CDRi + 0.1527CRi − 90.3570NIRAi (29)

3.3. Robustness Test

The regression coefficients can be unstable for various reasons. Regression analysis
requires corporate performance to be normally distributed and sensitive to outliers. Outlier
problems, collinearity problems, and heteroscedasticity problems can all lead to biased
regression results. Additionally, we cannot understand the changing process of the influ-
ence trend of total asset, total debt, capital debt ratio, claim ratio, and net interest rate on
assets, on the solvency of the insurance companies through regression analysis, whereas
quantile regression can solve this problem very well [57]. The regression results are shown
in Table 18.

Moreover, we will address the robustness test. Here, we mainly replace the initial
regression with the quantile regression method to obtain more effective estimation re-
sults. This paper uses the results of quantile number as the regression coefficient, and the
regression results are described in Figure 9.

Three robustness tests are carried out in this section, and the initial results are passed:
from Table 18, in terms of quantiles, insurance companies in different positions are affected
by TA, TD, CDR, CR, and NIRA to different degrees with the fluctuations of the estimators
in the confidence interval of Figure 9, but the results are all significant.



Int. J. Environ. Res. Public Health 2023, 20, 1630 18 of 21

Table 18. Robustness test of quantile regression.

(1) (2) (3) (4)

SAR 1

OLS
SAR 1

QR_10
SAR 1

QR_50
SAR 1

QR_90

TA 2 14.22 **
(5.565)

16.87 ***
(0.000)

4.358 *
(25.94)

12.73 ***
(2.273)

TD 3 −14.19 **
(5.568)

−16.83 ***
(0.000)

−4.313 *
(25.96)

−12.70 ***
(2.275)

CDR 4 11.29 *
(5.604)

13.99 ***
(0.000)

1.044 *
(25.56)

9.795 ***
(2.371)

CR 5 2.162 ***
(0.366)

2.243 ***
(3.52)

2.424 *
(1.427)

1.997 ***
(0.115)

NIRA 6 −0.274 ***
(0.0442)

−0.332 ***
(3.98)

−0.217 *
(0.142)

−0.253 ***
(0.0163)

Time control YES YES YES YES
Individual control YES YES YES YES

_cons 0.524 0.319 *** 0.662 0.539 ***
1 SAR: solvency adequacy ratio; 2 TA: total asset; 3 TD: total debt; 4 CDR: capital debt ratio; 5 CR: claim ratio;
6 NIRA: net interest rate on assets. ***, ** and * represent p < 1%, p < 5% and p < 10%. Standard errors
in parentheses.
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According to the data analysis in the previous section, the following results are obtained.
(1) Based on the B-S pricing model, the premium rate of compulsory environmental

liability insurance is 2.44%, which is higher than other liability insurance. This is an
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important factor restricting the market share of environmental liability insurance. The
insurance premium rate of environmental liability insurance needs to be further optimized.

(2) In this paper, the premium and loss ratio of 10-year liability insurance is selected,
and the relevant data obtained by averaging the proportion of environmental liability
insurance premium to liability insurance in 2016 may be slightly different from the actual
situation, but the development trend of compulsory environmental liability insurance
is generally unchanged. Moreover, it performs a multivariate regression analysis using
the asset and liability data, taken from the annual report, to identify three key factors
affecting the solvency adequacy ratio, namely, capital debt ratio, reflecting the company
asset structure; net interest rate on assets, reflecting the asset scale with actual solvency;
and claim ratio, reflecting the business quality.

(3) Based on the results of regression analysis and robustness test for the China
Insurance Clauses (CIC) company, People’s Insurance Company of China (PICC), and
Asia-Pacific Property & Casualty Insurance (API) company, it is shown that the effect of
total asset, total debt, capital debt ratio, claim ratio, and net interest rate on assets on the
solvency adequacy ratio is significant, with respect to the size of the coefficients.

4.2. Recommendations

According to the analysis of the annual report data of three companies, it can be seen
that the companies that provide liability insurance for energy-saving projects now meet
the requirements of “solvency adequacy ratio of more than 100%” stipulated by the China
Insurance Regulatory Commission. When the company’s environment is stable, the stability
of contract energy management insurance is greatly guaranteed. At the macro-level, the
premium and compensation of China’s liability insurance can keep a balance of 2:1 to allow
a certain extent of error, even if the growth rate of compensation is slightly higher than
that of premium. In the long run, the balance is difficult to break, as long as there are no
extreme events. Although it is not very difficult for large companies with stable financing
and business sources to maintain solvency adequacy ratio at about 200%, for small and
medium-sized companies, the uncertainty of financing and business sources is one of the
reasons for the difficulty in ensuring adequacy. Therefore, such companies often choose to
cooperate with large companies to develop products, not only to ensure financing but also
to attract some business through cooperation. Whether it is a large company or a general
small or medium-sized company, liability insurance is kept stable in the front position. It
is necessary for social development, including energy-saving income liability insurance.
The stability of insurance products depends on the company’s stable structure. Based on
the regression analysis of the data, it can be seen that the capital debt ratio and the net
capital interest rate have a certain effect on solvency, and both of them represent the asset
structure of the company, including the stability of financing and business. Stable financing
and business income can ensure the stable growth of actual capital and also helps in
maintaining the minimum capital requirement. The main change of the second-generation
compensation implemented in 2016 is to recognize the difference between liabilities, and
the liability side reduced the requirements for insurance contract reserves, resulting in the
actual capital under the second-generation caliber being higher than that under the previous
first-generation caliber. Finally, the solvency adequacy ratio of the second generation is
often higher than the solvency adequacy ratio of the first generation [56]. Overall, the
existing energy-saving liability insurance in China has a certain level of stability. With the
increasing premium rate of compulsory environmental liability insurance in China, it is
necessary for insurance companies to increase total asset, capital debt ratio, and claim ratio,
and reduce total debt and net interest rate on assets, in order to increase solvency.
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tion, writing—review and editing, supervision. All authors have read and agreed to the published
version of the manuscript.



Int. J. Environ. Res. Public Health 2023, 20, 1630 20 of 21

Funding: This research was financially supported by the Key Project of National Social Science
Foundation of China (Grant No. 20&ZD092), University of Shanghai for Science and Technology
Foundation for Development of Science and Technology (Grant No. 2020KJFZ024).

Institutional Review Board Statement: Ethical review and approval were waived for this study
because there was no ethics committee in China. The data comes from the data published by the
government or enterprises.

Informed Consent Statement: Informed consent was obtained from all subjects involved in
the study.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Shui, B.; Harriss, R.C. The role of CO2 embodiment in US-China trade. Energy Policy 2006, 34, 18. [CrossRef]
2. Condon, J.B. Climate change and unresolved issue in WTO law. J. Int. Econ. Law 2009, 12, 17. [CrossRef]
3. Dong, Y.; Whalley, J. Optimal tariff calculations in tariff games with climate change considerations. Appl. Econ. Lett. 2011, 15,

1431–1435. [CrossRef]
4. Mander, T.; Veenendaal, P. Border tax adjustments and the EU-ETS: A quantitative assessment. Holland: Central Planning Bureau.

CPB Doc. 2008, 171, 36.
5. Feinerman, E.; Plessner, Y.; Dafna, M. Recycled effluent: Should the polluter pay. Am. J. Agric. Econ. 2001, 83, 958–971. [CrossRef]
6. Erin, E. Dooley, Fifty years later: Clearing the air over the London smog. Environ. Health Perspect. 2002, 110, 748.
7. Yu, M.; Cruz, J.M.; Li, D.M. The sustainable supply chain network competition with environmental tax policies. Int. J. Prod. Econ.

2019, 217, 218–231. [CrossRef]
8. Lu, Y.; Wang, Y.; Zhang, W.; Hubacek, K.; Bi, F.; Zuo, J.; Jiang, H.; Zhang, Z.; Feng, K.; Liu, Y.; et al. Provincial air pollution

responsibility and environmental tax of China based on interregional linkage indicators. J. Clean. Prod. 2019, 235, 337–347.
[CrossRef]

9. Michael, F.; Grimeaud, D. Financial Assurance Issue of Environmental Liability; Springer-Verlag: Wien, Austria, 2003; pp. 152–153.
10. Whitmore, A. Compulsory environmental liability insurance as a means of dealing with climate change risk. Energy Policy 2000,

11, 739–741. [CrossRef]
11. Lockett, N. Environmental Liability Insurance; May Ltd.: Geneva, Switzerland, 1996; p. 19.
12. Felson, M.; Spaeth, J.L. Community structure and collaborative consumption: A routine activity approach. Am. Behav. Sci. 1978,

21, 4. [CrossRef]
13. Rifkin, J. The age of access: The new culture of hyper-capitalism where all of life is a paid-for experience. Radic. Teach. 2001, 6, 114.
14. Botsman, R.; Rogers, R. What’s Mine Is Yours: How Collaborative Consumption Is Changing the Way We Live; Collins: London, UK,

2011; pp. 10–15.
15. Belk, R. Local government 2035: You are what you can access: Sharing and collaborative consumption. J. Bus. Res. 2015, 67,

1595–1600. [CrossRef]
16. Yan, F.; Arthur, P.J.; Lu, Y.; He, G.; Van Koppen, C.S.A. Environmental pollution liability insurance in China: Compulsory or

voluntary. J. Clean. Prod. 2014, 5, 211–219.
17. Thomas, F. Welcome to the Sharing Economy; The New York Times: Manhattan, NY, USA, 2013.
18. Dong, Q. Research on the energy-saving and revenue sharing strategy of ESCOs under the uncertainty of the value of Energy

Performance Contracting Projects. Energy Policy 2014, 73, 710–721.
19. Lee, P. Risks in energy performance contracting (EPC) projects. Energy Build. 2015, 92, 116–127. [CrossRef]
20. Li, Y. AHP-fuzzy evaluation on financing bottleneck in energy performance contracting in China. Energy Procedia 2011, 14,

121–126. [CrossRef]
21. Polzin, F. What encourages local authorities to engage with energy performance contracting for retrofitting? Evidence from

German municipalities. Energy Policy 2016, 94, 317–330. [CrossRef]
22. Xiaohong, Z. Problem and countermeasure of energy performance Contracting in China. Energy Procedia 2010, 5, 1377–1381.

[CrossRef]
23. Deng, Q. Strategic design of cost savings guarantee in energy performance contracting under uncertainty. Appl. Energy 2014, 139,

68–80. [CrossRef]
24. Zhang, S.; Mendelsohn, R.; Cai, W.; Cai, B.; Wang, C. Incorporating health impacts into a differentiated pollution tax rate system:

A case study in the Beijing-Tianjin-Hebei region in China. J. Environ. Manag. 2019, 15, 250. [CrossRef]
25. Gilchrit, T. Insurance coverage for pollution liability in the United States and the United Kingdom: Covering troubled waters.

Hein Online 1991, 23, 1.
26. Maggie, J. A bumpy road leading to a bright prospect. Asia Insur. Rev. 2012, 1, 82–83.
27. OECD. Environmental Risks and Insurance; OECD Home: Paris, France, 2003; p. 5.

http://doi.org/10.1016/j.enpol.2005.09.010
http://doi.org/10.1093/jiel/jgp033
http://doi.org/10.1080/13504851.2010.541391
http://doi.org/10.1111/0002-9092.00222
http://doi.org/10.1016/j.ijpe.2018.08.005
http://doi.org/10.1016/j.jclepro.2019.06.293
http://doi.org/10.1016/S0301-4215(00)00058-6
http://doi.org/10.1177/000276427802100411
http://doi.org/10.1016/j.jbusres.2013.10.001
http://doi.org/10.1016/j.enbuild.2015.01.054
http://doi.org/10.1016/j.egypro.2011.12.905
http://doi.org/10.1016/j.enpol.2016.03.049
http://doi.org/10.1016/j.egypro.2011.03.238
http://doi.org/10.1016/j.apenergy.2014.11.027
http://doi.org/10.1016/j.jenvman.2019.109527


Int. J. Environ. Res. Public Health 2023, 20, 1630 21 of 21

28. Merrifield, J. A general equilibrium analysis of the insurance bonding approach to pollution threats. Ecol. Econ. 2002, 1,
20. [CrossRef]

29. Ackermana, F.; Ishikawab, M.; Suga, M. The carbon content of Japan-US trade. Energy Policy 2007, 35, 4455–4462. [CrossRef]
30. Syunkova. WTO compatibility of four categories of US climate change policy. Natl. Foreign Trade Counc. Rep. 2007, 5, 12–13.
31. Richardson, B.J. Mandating environmental liability insurance. Duke Environ. Law Policy Forum 2002, 15, 293–330.
32. Dressler, L.; Hanappi, T.; van Dender, K. Unintended technology-bias in corporate income taxation. OECD Tax. Work. Pap. 2018,

37, 9f4a34ff-en.
33. Choi, T.M. Multi-period risk minimization purchasing models for fashion products with interest rate, budget, and profit target

considerations. Ann. Oper. Res. 2016, 237, 77–98. [CrossRef]
34. Dong, Y.; Walley, J. Carbon motivated regional trade arrangements: Analytics and simulations. Econ. Model. 2011, 28, 2783–2792.

[CrossRef]
35. Ohno, T. Efficiency of environmental taxes in open and closed economics. Stud. Reg. Sci. 2014, 44, 167–180. [CrossRef]
36. Lockwood, B.; Whalley, J. Carbon-motivated border tax adjustments: Old wine in green bottles? World Econ. 2010, 33, 810–819.

[CrossRef]
37. Ekins, P. Resource Productivity, Environmental Tax Reform and Sustainable Growth in Europe; Anglo-German Foundation: London,

UK, 2009.
38. Peterson, J.M. Estimating an Effluent Charge: The Reserve Mining Case; University of Wisconsin Press: Madison, WI, USA, 1977;

pp. 328–341.
39. Othman, J. Carbon and energy taxation for CO2 mitigation: A CGE model of the Malaysia. Environ. Dev. Sustain. 2017, 19,

239–262.
40. Terkla, D. The efficiency value of effluent tax revenues. J. Environ. Econ. Manag. 1984, 11, 107–123. [CrossRef]
41. Brenner, M.; Riddle, M.; Boyce, J.K. A Chinese sky trust: Distributional impacts of carbon charges am revenue recycling China.

Energy Policy 2007, 35, 1771–1784. [CrossRef]
42. Halkos, G.E.; Paizanos, E.A. The effect of government expenditure on the environment: An empirical investigation. Ecol. Econ.

2013, 91, 48–56. [CrossRef]
43. Hu, X.; Liu, J.; Yang, H.; Meng, J.; Wang, X.; Ma, J.; Tao, S. Impacts of potential China’s environmental protection tax reforms on

provincial air pollution emissions and economy. Earths Future 2020, 8, 4. [CrossRef]
44. Karydas, C.; Zhang, L. Green tax reform, endogenous innovation and the growth dividend. J. Environ. Econ. Manag. 2019, 97,

158–181. [CrossRef]
45. Fan, X.; Li, X.; Yin, J. Impact of environmental tax on green development: A nonlinear dynamical system analysis. PLoS ONE

2019, 14, 1–23. [CrossRef]
46. Hamaguchi, Y. Dynamic analysis of bribery firms’ environmental tax evasion in an emissions trading market. J. Macroecon. 2020,

63, 103169. [CrossRef]
47. Bovenberg, A.; de Mooij, L.; Ruu, A. Environmental levies and distortionary taxes: Comment. Am. Econ. Rev. 1997, 87, 245–251.
48. Li, K.; Liu, C. Construction of carbon finance system and promotion of environmental finance Innovation in China. Energy

Procedia 2011, 5, 1065–1072.
49. Wang, N.; Chang, Y.-C. The development of policy instruments in supporting low-carbon governance in China. Renew. Sustain.

Energy Rev. 2014, 35, 126–135. [CrossRef]
50. Khanna, N.; Fridley, D.; Hong, L. China’s pilot low-carbon city initiative: A comparative assessment of national goals and local

plans. Sustain. Cities Soc. 2014, 12, 110–121. [CrossRef]
51. Zhang, B.; Yang, Y.; Bi, J. Tracking the implementation of green credit policy in China: Top-down perspective and bottom-up

reform. J. Environ. Manag. 2011, 92, 1321–1327. [CrossRef]
52. Carraro, C.; Favero, A.; Massetti, E. Investments and public finance in a green, low carbon, economy. Energy Econ. 2012, 34, 15–28.

[CrossRef]
53. Liu, J.; Shen, Z. Low carbon finance: Present situation and future development in China. Energy Procedia 2011, 5, 214–218.
54. David, W. Clean development mechanism (CDM) after the first commitment period: Assessment of the world’s portfolio and the

role of Latin America. Renew. Sustain. Energy Rev. 2015, 41, 1176–1189.
55. Zhao, Z.-Y.; Li, Z.-W.; Xia, B. The impact of the CDM (clean development mechanism) on the cost price of wind power electricity:

A China study. Energy 2014, 1, 179–185. [CrossRef]
56. Kerchner, C.D.; Keeton, W.S. California’s regulatory forest carbon market: Viability for northeast landowners. For. Policy Econ.

2015, 50, 70–81. [CrossRef]
57. Yang, R.; Zhang, R. Environmental pollution liability insurance and corporate performance: Evidence from China in the

perspective of green development. Int. J. Environ. Res. Public Health 2022, 19, 12089. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/S0921-8009(01)00271-3
http://doi.org/10.1016/j.enpol.2007.03.010
http://doi.org/10.1007/s10479-013-1453-x
http://doi.org/10.1016/j.econmod.2011.08.016
http://doi.org/10.2457/srs.44.167
http://doi.org/10.1111/j.1467-9701.2010.01285.x
http://doi.org/10.1016/0095-0696(84)90010-X
http://doi.org/10.1016/j.enpol.2006.04.016
http://doi.org/10.1016/j.ecolecon.2013.04.002
http://doi.org/10.1029/2019EF001467
http://doi.org/10.1016/j.jeem.2017.09.005
http://doi.org/10.1371/journal.pone.0221264
http://doi.org/10.1016/j.jmacro.2019.103169
http://doi.org/10.1016/j.rser.2014.03.021
http://doi.org/10.1016/j.scs.2014.03.005
http://doi.org/10.1016/j.jenvman.2010.12.019
http://doi.org/10.1016/j.eneco.2012.08.036
http://doi.org/10.1016/j.energy.2013.10.050
http://doi.org/10.1016/j.forpol.2014.09.005
http://doi.org/10.3390/ijerph191912089

	Introduction 
	Research Motivation 
	Research Design 
	Incremental Contributions 

	Methods and Materials 
	Black–Scholes (B-S) Differential Equation 
	Multiple Regression 
	Data Collection 
	B-S Calculation of Pricing Model 
	Pricing of B-S Model of Environmental Liability Insurance 

	Data Reduction by Different Companies 
	Macro-Level 
	Micro-Level 


	Results and Discussion 
	Calculation of Premium Rate of B-S Pricing Model of Environmental Liability Insurance 
	The First Step Is to Select a Risk-Free Interest Rate 
	The Second Step Is to Calculate the Volatility 
	The Third Step Is to Calculate the Insurance Premium Rate 

	Main Effect Test 
	CIC 
	PICC 
	API 

	Robustness Test 

	Conclusions and Recommendations 
	Conclusions 
	Recommendations 

	References

