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Abstract: Ecological compensation is an effective means to adjust relationships among stakeholders
in order to conserve and/or sustainably use ecosystem services. The current ecological compensation
standards (ECS) do not well reflect the differences in ecological, social, and economic development.
Thus, we took a typical urbanization area (the Suzhou–Wuxi–Changzhou region) in China as an
example, because of its prominent contradiction between rapid socio-economic development and
fragile ecosystem. Combined with the ecological, economic, and social conditions, the methods of
ecosystem service value (ESV) evaluation, cluster analysis, and scenario analysis were used to propose
an optimized spatial zoning method and optimal development scenario. Then, the ECS by different
zones were determined by using ESV assessment, cost-benefit analysis, and contingent valuation
method. The results showed that (1) the regions were divided into two categories, with a total of four
zones: ESV output areas (synergetic development zones (SDZ) and ecological conservation zones
(ECZ)) and ESV input areas (ecological degradation zones (EDegZ) and economic development zones
(EDevZ)); (2) among five scenarios, the best development mode in the future was the protection and
development scenario, which was consistent with the existing planning; and (3) the ECS for the SDZ
should be paid about 1.94 billion Yuan/year, the ECZ should be paid about 0.80 billion Yuan/year,
the ECS for the EDegZ should pay about 2.20–2.25 million Yuan/year, and the EDevZ should pay
about 0.06–7.33 million Yuan/year. By feasibility analysis, the ESV input areas were fully capable of
inter-regional compensation, which could promote the effective purchase of ecological services. The
developed evaluation framework of ECS in this study can accurately provide a scientific basis for the
determination of ecological compensation regulations and policies in the future.

Keywords: ecological compensation standard; ecosystem service values zoning; willingness to pay;
costs and benefits method; urban development

1. Introduction

The sustainable supply of ecosystem services is fundamental for the sustainable development
of society and nature [1,2]. It has been a long time since environmental externalities were first
ignored by human activity [3]. As a result, the rapid development of urbanization expansion and
regional economies has resulted in the deterioration of 60% of ecosystem services worldwide over
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the last 50 years [4,5]. Therefore, alleviating the contradiction between ecosystem protection and
socio-economic development is an urgent task for every country, especially developing countries.
In this context, ecological compensation has been proposed. It can transform external and non-market
ecosystem services into an economic incentive to increase the enthusiasm of environmental protectors,
and to increase ecosystem services while compensating for the losses of stakeholders [6]. Compared
with punitive environmental protection measures, such as sewage tax and environmental tax, the aim
of ecological compensation is to eliminate the negative effects of human activities and restore and
improve the ecosystem service functions provided by ecosystems.

In China, ecological compensation is generally considered to be an institutional arrangement for
regulating the economic interests of ecological protectors, beneficiaries, and saboteurs, according to the
ecosystem service value (ESV), ecological protection costs, and development opportunity costs, among
others [7]. Initially, ecological compensation was based on the polluter pays principle (PPP), which
levied taxes on actors. Gradually, it has shifted from punishing negative externalities (environmental
damage) to stimulating positive external behaviors (ecological protection). Nowadays, it is frequently
employed in China, such as the ‘Grain–to–Green Program’ and ‘Returning–Farmland–to–Wetland
Program’ [8,9].

As a key issue for ecological compensation, the evaluation of ecological compensation standards
(ECS), which are related to compensation feasibility and effect, has attracted widespread attention
from governments and scholars. To date, studies on ECS have mainly focused on regions [10],
wetlands [11], forests [12], watersheds [6], and grasslands [13]. ECS can be determined by evaluating
the investment and opportunity costs of preservers, benefits of beneficiaries, loss values due to
ecosystem damage, and ESVs [14]. Several methods, such as the contingent valuation method
(CVM) [9], ecological footprint method [15], ESV evaluation method [16,17], carbon stock balance
method [18], and compensation computation method, based on quotient and pollutant concentration
and environmental water capacity [3], have been used to estimate ECS, only considering one or
two of the aspects mentioned above. Meanwhile, as ecological compensation is closely related
to regional socio-economic development and the allocation of environmental resources, the lack
of socio-economic ecological compensation mechanisms will serve to hinder eco-environmental
conservation and sustainable development [19]. Thus, the determination of ECS should reflect the
differences in ecological, social, and economic development [10].

In China, to ensure regional sustainable development, the central government has repeatedly
emphasized the need to establish ecological compensation mechanisms, since the first proposed
ecological compensation mechanism in 2005. In 2017, the report of the 19th National Congress of
the Communist Party of China proposed the establishment of a market-oriented and diversified
ecological compensation mechanism. From 2014, there have been about 150 ecological compensation
policy documents and departmental regulations issued by the competent department of ecological
compensation under the State Council, mainly focusing on forests, wetlands, watersheds, oceans, key
ecological functional areas, and grasslands [20]. The total amount of ecological compensation funds
allocated by the central government through fiscal transfer arrangements has reached nearly 80 billion
Yuan since 2012 (the average exchange rate was 7.79 Yuan to 1 USD from 2000 to 2010, the same below).
With the intensive implementation of a series of policies and measures, the framework of the national
ecological compensation system was initially constructed. However, because of the late start of this
work in China, there are still many problems in practice. Firstly, the source of compensation funds is
singular; the source of the funds is mainly governmental funds. Secondly, the method of determining
the compensation object is unreasonable. Ecological compensation only focuses on the classification
of ecological types, while ignoring the consideration of the values of forest land, waters, and even
ecosystems as a whole. Finally, the compensation standard is low and lacks of diversity. At present, the
determination of ECS is based on the government’s payment capacity, ignoring the opportunity costs
for farmers and herders [21]. Additionally, ECS on a large scale is usually “one size fits all”, without
considering the differences in ecosystems and the affordability of compensators [22]. Thus, it is of high
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importance to explore effective and differentiated multi-district ECS for China, in order to improve the
EC mechanism.

To address this problem, this paper takes a typical urbanization area (the Suzhou–Wuxi–Changzhou
region, SWCR) in China as an example. It is the core area of the Yangtze River Delta city cluster, one of
six world-class city clusters. In China, Jiangsu Province, where the SWCR is located, was ranked fifth
in terms of urbanization rate in 2018. It is one of the most developed regions and is a highly urbanized
region in China. At the same time, the ecological environmental challenges in this area were also
staggering. In particular, the outbreak of blue algae in Lake Taihu in 2007 garnered global attention [23].
Subsequently, as the current evaluation methods of ECS do not well reflect the differences in ecological,
social, and economic development, we developed an evaluation framework for multi-district ECS.
Evaluation methods of “matter quantity–value quantity”, spatial clustering analysis, and scenario
analysis were used to quantitatively analyze and regionalize ESVs. According to the costs of the
ecological protection area by benefit–cost analysis and the public’s willingness to pay (WTP) for the
beneficiary area by CVM, ECS by different zones were put forward. This study has theoretical and
practical significance for guiding the rational formulation of ECS. The objective of this study was to
answer two questions: (1) “who compensates whom?”; and (2) “how much should be compensated in
multiple districts with different ecological, economic, and social conditions?”

2. Methods and Data Sources

2.1. Study Area

Taihu Lake is the third largest freshwater lake in China. It is situated in the Yangtze Delta, which
has a surface area of approximately 2338 km2 [24]. The SWCR consists of three cities, as well as the
districts and cities under their jurisdiction, and is an important part of the Yangtze River Delta, which,
in turn, is an important part of the Yangtze Delta. There are 28 county-level cities and districts in this
region (Figure 1). The SWCR is one of the most urbanized regions in China. The average urbanization
rate in 2017 was 74.5%, which was 1.27 times the national average. With rapid economic development
and urban expansion, the Taihu Lake ecosystem experienced serious deterioration, which is of great
concern to the local and central authorities of China [25]. In order to effectively protect and restore
the environment, a series of regulations were introduced by the provincial government, such as the
‘Interim measures on transfer payment of ecological compensation in Jiangsu Province (2013)’ and
the ‘National ecological protection red-line planning of Jiangsu Province (2018)’ [26,27]. Nevertheless,
economic and social attributes have not been integrated into the current ecological compensation
mechanism. Thus, determining a differentiated multi-district ECS by taking account of ecological,
economic, and social conditions for ecological protection in SWCR is imperative.

2.2. Research Framework

At present, because of the lack of a conceptual framework for indicator selection and evaluation
methods for ESVs, as well as the huge gap between ESVs and compensation standards, the evaluation
results have only been considered as a theoretical upper limit for compensation [28]. That is, ECS
should not only be determined by the ESVs, but also take into account other economic and social
factors. Thus, in order to provide a scientific basis to establish ecological compensation mechanisms
for the multiple districts, especially for a typical urbanized area, we established the framework of
multi-district ECS based on the valuation and regionalization of ESVs, the beneficiaries’ WTP, and
the benefit–cost analysis of compensation investment (Figure 2), which can be used to calculate the
compensation value for the complex urban ecosystems. However, a variety of studies have proposed
ecological function regionalization schemes or land management by evaluating ecosystem services
with one-year data [29]. Ecological regionalization should be based on a dynamic evaluation in the
long run [30]. Unfortunately, the current studies have rarely used incremental ESVs over a period of
time (positive or negative) as an indicator of regionalization schemes. Thus, this study introduces
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estimated two-year changes (2000 and 2010) in ESVs into the regionalization framework, which can
provide a basis for the further determination of differential ECS.
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A typical fast urbanized region should ideally have an urban center with a high degree of
economic and population concentration, as well as an urban ecological protection area with relatively
low economic development. We also supposed that the study area could be divided into ESV output
areas and ESV input areas. The ESV output areas have no opportunity for economic and social
development, due to the protection of the ecological environment, and ESV input areas should
compensate for the ecological benefits, ecological protection costs, and opportunity costs. ESV input
areas destroy the ecological environment in order to develop the economy. These areas should pay for
lost ecological benefits, and the public’s WTP for the restoration of the ecological environment should
be considered accordingly. However, in the process of exploring and practicing multi-district ecological
compensation in China, there were some problems, such as disconnection of interests between ecological
beneficiaries and protectors, narrow compensation scope, and unreasonable compensation standards.
Therefore, the multi-district ecological compensation should be based on the principle of “benefiting the
protectors and compensating the users”. In comprehensive consideration of ecological protection costs,
development opportunity costs, and ESVs, financial transfer payments or market transactions should
be adopted to give reasonable compensation to the eco-protectors. This is an effective system that
clearly defines the rights and obligations of the ecological protectors and beneficiaries and internalizes
economic externalities of ecological protection.

On the basis of the information the above, we established the framework of ECS for an urbanization
region, involving four steps (Figure 2). First, we adopted a method that combined valuation methods
of matter quantity and value quantity, established an evaluation system of ESVs in the SWCR, and
quantified the spatial heterogeneity of the changes of ESVs on the scale of cities and districts. Next, the
levels of economy, society, and urbanization of the study area were also assessed. Additionally, the
study area was divided into ESV output areas and ESV input areas, according to ecological, economic,
and social conditions. Finally, the differential multi-district ECS were developed by investigating the
costs and benefits of the ESV output areas, the public WTP for ecosystem improvement, and ESV
decrements of the ESV input areas. The developed framework proposed in this study can not only help
decision-makers to realize the spatial distribution of ESVs, but also help to establish policy decisions
for differentiated ECS.

2.3. Data Sources

The data involved in this study included population, economy, urbanization, land-use data,
and a vector diagram of administrative division, precipitation, and soil data. Socioeconomic data
included population, economic, and urbanization data from 2000 and 2010, which were derived from
the statistical yearbook and yearbook of each city (published in 2001 and 2011, respectively) [31–33].
Land-use data in 2000 and 2010 were from the land-use database with a scale of 1:100,000, provided
by the National Earth System Science Data Sharing Infrastructure, National Science and Technology
Infrastructure of China. The data were manually interpreted, mainly based on the Landsat-5 TM data.
A large amount of field investigation has proven that land-use classification had an accuracy of more
than 90% [34]. The land-use classification adopted the six categories of land use/cover classification
based on the Resource and Environment Information Database of the Chinese Academy of Sciences.
The land-use types in the study area were divided into six categories, including agricultural land,
wetland, forest land, grassland, construction land, and unutilized land, according to the land-use
characteristics and image resolution of the SWCR. Wetlands referred to riverine wetland, pond,
reservoir, and marshland. Construction lands included urban/rural settlements and associated facilities,
stand-alone industrial zones, and quarries. Unutilized land included bare land, saline-alkali land,
sandy land, bare rock, gravel, etc. To evaluate soil conservation values, the monthly rainfall values
from 200 weather stations in and around the SWCR were taken from the Hydrological Yearbook of the
People’s Republic of China in 2000 and 2010 [35]. Soil data were the main input to the universal soil
loss equation (USLE) model for estimating soil erosion factor. A set of 26 soil samples were obtained
from China’s second soil survey (http://gis.soil.csdb.cn/).

http://gis.soil.csdb.cn/
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2.4. Methodology

2.4.1. Valuation and Regionalization of ESVs

Assigning a value to ecosystem services requires a quantitative evaluation of ecosystem services
in terms of their monetary value. On the basis of the widely accepted ecosystem services evaluation
methods of “matter quantity–value quantity” [36], this paper adopted these methods to evaluate
10 kinds of ESV, such as waste treatment value, hydrological regulation value, carbon sequestration
value, and keeping soil fertility value (see Figure 3). We estimated the ESVs using the methods detailed
in He et al. (2018) [37].Sustainability 2019, 11, x FOR PEER REVIEW 7 of 28 
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The transfer benefits method modified the coeffcients of Xie et al. (2008) [38] based on the actual
situation of the SWCR. The modified method of coeffcients was as follows: (1) working out the average
grain yield per unit area (6813 kg/ha) by the grain yield of the SWCR in 2000 and 2010; (2) according to
the subsidy standard of national returning farmland to forest in the first stage (2000–2010), grain price
was 1.4 Yuan/kg; (3) in the absence of labor input, the coefficient of natural ecosystem provided the
economic value was 0.143, and we could obtain the average economic value of natural grain output in
2000–2010 as being 1363 Yuan/ha, namely the reference prices of different ESVs in our study.

The spatial hierarchical clustering method applied in this study can be completed using SPSS
18.0 and ArcGIS 10.0. First, after data standardization, based on the method of R-cluster analysis and
expert consultation, we screened the impact factors of the change of ESVs as much as possible and,
finally, four factors—the changes of ESVs (ten kinds of ESVs), the changes of population density (the
number of people per a given unit of land area), the changes of Gross Domestic Product (GDP) per
unit area, and the changes of urban expansion intensity of 28 cities and districts—were confirmed
between 2000 to 2010. Second, the similarity coefficients of each city and district were calculated using
the Euclidean distance, and then the Q-cluster method was applied to zone the 28 cities and districts.

2.4.2. Scenarios

The scenario approach can reveal the changes of ecosystem services for different land-use patterns
in the future, which is of great significance for land-use decisions and ecosystem management [39]. In
this study, we adopted the modified benefit transfer method (BTM) of He et al. (2018) [37] to estimate
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the ESVs of SWCR using 2010 as the base year. According to the characteristics of urban expansion
and agricultural land protection in the study area, wetlands were mainly transferred from agricultural
land in 1995–2010 (data not shown); by 2020, agricultural land can only decrease by 1.85% compared
with 2010, while construction land can increase by 9%, as mentioned in the General Land Use Plan of
Suzhou City, General Land Use Plan of Wuxi City, and General Land Use Plan of Changzhou City.
Thus, five possible scenarios alternative to the land-use changes in 2020 were analyzed and simulated
as follows: scenario I (ecological protection scenario), all agricultural lands within 20 m around the
wetland are converted into wetlands; scenario II (urban development scenario), all the land-use types
within 20 m around the construction lands are converted into construction lands; scenario III (both
protection and development scenario), all the agricultural lands within 20 m around the wetland are
converted into wetlands and all the land-use types within 20 m around the construction lands are
converted into construction lands, respectively; scenario IV (development priority over protection
scenario), all the agricultural lands within 20 m around the wetland are converted into wetlands and
all the land-use types within 50 m around the construction lands are converted into construction lands,
respectively; scenario V (protection priority over development scenario), all the agricultural lands
within 50 m around the wetland are converted into wetlands and all the land-use types within 20 m
around the construction lands are converted into construction lands, respectively. These extreme cases
may help assess the potential changes of the SWCR’s ESVs under extreme land-use conditions.

2.4.3. Benefits and Costs of ESV Output Areas

Because of ecological protection, the ESV output areas increase the regional ESVs, but lose the
opportunity to develop the economy. Therefore, the compensation standard for ESV output areas
should consider the increments of ESVs within the evaluation period, the direct cost of ecological
construction, and the opportunity cost. This study used the increments of ESVs between 2000 and
2010 as the ecological benefits of this region. The costs of ESV output areas included opportunity cost
and direct cost. The opportunity cost method is a widely used method, which refers to the method of
determining the compensation standard based on the benefits [40]. When using the opportunity cost
method, there are some differences in results for different carriers. It is key to select the appropriate
carrier to calculate the maximum benefits that an ESV output area gave up. At present, there are
many carrier accounting methods, such as the opportunity cost method of agricultural output value
and the opportunity cost method of regional development differences, among others [41]. In terms
of ecological protection practices in the SWCR, the transformation process of land-use was mainly
from agricultural land to wetland. Thus, this study used the loss of agricultural production value to
represent the opportunity costs of the ESV output areas. The formula is as follows:

Ci,opp = Yi × Si × P/104, (1)

where Ci,opp is the opportunity cost of the ith ESV output area (10,000 Yuan/year), Yi is the grain yield
per unit of the ith ESV output area (kg/ha), Si is the area of the agricultural land converted into the
wetland of the ith ESV output area during the evaluation period (ha/year), and P represents the average
market price of grain (Yuan/kg).

Direct costs refer to the costs invested in ecological construction, including construction costs and
maintenance costs. This study selected the construction costs and maintenance costs of the wetland
restoration projects (WRPs) as the direct costs of ecological construction in the SWCR. The average
construction costs and maintenance costs per unit area of the 10 typical WRPs in ESV output areas
were counted. The formula is as follows:

Ci,cm = (Ci,con + Ci,man) × Sw, (2)

where Ci,cm is the direct cost of the ith ESV output area (100 million Yuan/year), Ci,con is the average
unit area construction cost of the ith ESV output area (100 million Yuan/ha·a), Ci,man is the average
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maintenance cost per unit area of the ith ESV output area (100 million Yuan/ha·a), and Sw is the
increased area of wetland during the evaluation period (ha).

The maintenance costs of WRPs were usually expressed in terms of annual value, while the
construction costs were a one-time payment. Therefore, the following formula was used to convert a
one-time payment value into a 20 year annual value:

P =
L(1 + r)nr
(1 + r)n − 1

, (3)

where P is the annual value of benefits and costs (100 million Yuan/year), L is a one-time payment
value (100 million Yuan), r is the discount rate (0.05), and n is the number of years of WRPs operation
(20 years).

2.4.4. ESV Decrements and Public WTP of ESV Input Areas

ESV input areas develop the economy at the expense of the environment, with the values of
the regional ecosystem services being reduced. The corresponding costs of environmental damage
should be paid by these areas. In addition to the decreased ESVs, compensation standards should
also consider the compensation capacity of the region, such as the WTP of the public. The contingent
valuation method (CVM) is widely used in evaluation of the benefits of ecological improvement or the
economic loss of ecological environment damage [9,42]. It is not based on observable market behavior
but, instead, based on the respondent’s response or reflection of what action will be taken, in the context
of a hypothetical market. This study mainly investigated the public’s WTP for the improvement of the
ecological environment in the SWCR.

Pre-survey is an important part of a conditional value assessment study [43]. The purpose is
to improve the questionnaire and summarize the reasons why the respondents are unwilling to pay.
A total of 60 respondents were randomly selected from the local population of three typical economic
development regions (Chong’an District, Suzhou Industrial Park, and Zhonglou District) in the ESV
input areas for face-to-face interviews. In particular, two experienced psychology teachers were asked
to evaluate the results of the pre-survey questionnaire and, on this basis, the formal questionnaires were
refined and finalized. The official questionnaire was surveyed from April–June 2011. The respondents
were residents at home, and the interview time was about 15 min. The questionnaire was completed by
trained Nanjing University students. The total number of households in the survey area was 346,500
(Table 1). To select a random sample from this population, the following sample size formulas were
adopted in this research [44]:

SS′ =
z2[p(1− p)

]
d2 , (4)

where z is the z value (e.g., 1.96 for a 95% confidence level); p is the percentage of respondents who
selected a choice, expressed as a decimal (0.5 used for the sample size needed); and d is the confidence
interval or margin of error, expressed as a decimal. The above equation is appropriate for infinite
sampling but, because the number of households is known in our study, the correction for a finite
number of households is as follows:

SS =
SS′

1 + SS′−1
F

, (5)

where F is the number of households in the surveyed area. On the basis of the sample size formulas,
z = 1.96, p = 0.5, and d = 5% were selected, and on the basis of these formulas, the necessary sample size
(384) was obtained. To complete our goal, the sample size was expanded to 600. All respondents in this
study were over 18 years of age. A stratified random sampling technique was used to select samples
of 600 households to ensure that the samples could well represent the population of the area. In the
sampling frame design, the survey area was divided into three layers, based on the administrative area:
Chong’an District, Suzhou Industrial Park, and Zhonglou District. The sample size of each area should



Sustainability 2019, 11, 4876 9 of 24

be proportional to the household density in the region (the ratio of the total number of households to
the total area). Each area was divided into a number of communities, based on the number of surveyed
households. Ten households were randomly selected for investigation in each community. The sample
size is shown in Table 1.

Table 1. Sample sizes in the investigation area.

Areas Population
(104 People)

Households
(104 Households) Area (km2)

Samples
(Households)

Chong’an District 18.65 10.70 17.59 245
Suzhou Industrial Park 35.49 11.35 288 170

Zhonglou District 35.38 12.60 72.2 185
Total 89.52 34.65 377.79 600

In order to avoid hypothetical deviations, at the beginning of the questionnaire survey, the
investigators explained to the respondents that it was a hypothetical survey and did not require
the respondent to actually pay. The survey was conducted for academic purposes only and not for
commercial purposes, which can effectively reduce the rejection rate. The questionnaires included
two parts:

The first part introduced the survey sites, including the importance of the Taihu Lake ecosystem
and the status of pollution and degradation, letting the respondents understand the basic information
on Taihu Lake. The investigators showed the respondents a series of photos and maps of the Taihu
Lake wetlands to intuitively display the effects of ecological protection in the Taihu Lake Basin. The
second part was the main part of the questionnaire. Respondents were told that, because of the serious
degradation of the Taihu Lake ecosystem in recent years, the government had implemented many
projects to improve the ecological environment of Taihu Lake, such as the construction of WRPs. As a
direct beneficiary of ecological improvement, the survey asked about the respondent’s willingness to
pay for ecological protection in the Taihu Lake region by means of an open-ended questionnaire and
interview. Respondents were first asked “Are you willing to pay?”; namely, whether the respondent’s
families were willing to pay each year to support ecological protection projects in the Taihu Lake region.
The second question asked “How much are you willing to pay?”; that is, how much the respondent’s
families were most willing to pay each year. The WTP value of the payer was greater than zero for the
positive WTP, and being unwilling to pay was regarded as the valid zero WTP. The respondents who
were unwilling to pay directly were asked the reason for their refusal to pay.

The positive WTP were used to analyze the WTP amounts of respondents and their influencing
factors. In this study, three survey sites were divided into short distance (Suzhou Industrial Park),
medium distance (Chong’an District), and long distance (Zhonglou District), according to their distance
from the Taihu Lake wetlands. The relationships between WTP and influencing factors was analyzed
by SPSS 18.0 (SPSS Inc., Chicago, IL, USA). In this study, three multiple linear regression models were
constructed to determine the WTP amounts and the influencing factors. The ordinary least squares
(OLS) method was used to estimate the parameters in the multiple linear regression model. In the
case of multiple variables, R2 and F value tests were adopted after adjusting the t value and R2. The
regression equations are as follows:

ln WTPi = β0 + βx1 + · · ·+ βnxn + ε, (6)

where β0 is constant term intercept; x is the independent variable of regression model, namely the
value of each influencing factor; β is the regression coefficients of the factors; ε is the error term; and
lnWTPi is the dependent variable, namely the logarithm of the largest amount of the payment of the
respondents in the ith area.
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3. Results and Discussion

3.1. Valuation and Regionalization of ESVs

3.1.1. Valuation of ESVs

On the time scale, the total ESVs in the SWCR showed an increasing trend, from 83.231 billion
Yuan in 2000 to 97.735 billion Yuan in 2010, a total increase of 14.5 billion Yuan, with an average
annual growth rate of 1.74%. In terms of the ESVs of each ecosystem, only the values of gas regulation,
climate regulation, and biodiversity decreased. Among these, the value of climate regulation showed
the biggest declines, with an average annual reduction rate of 3.06%, while the value of biodiversity
decreased slightly, with an average annual reduction rate of 0.09%. Among the eight ESVs, five values
showed an increasing trend, these being material production, hydrological regulation, waste treatment,
leisure and recreation, and soil conservation value, among which the value of material production
increased the most, with an average annual growth rate of 7.75% (Table 2). It can be seen that during
the period from 2000 to 2010, the increase in the total ESVs in the SWCR was mainly due to the increase
in the value of supply services. At the same time, as the value of supply services increased, the value
of regulated services and the value of support services decreased, accordingly.

Table 2. Change in ecosystem service values in the study area from 2000 to 2010.

Type of Ecosystem Service Total Value (108 Yuan) Average Annual
Change Rate (%)Primary Types Secondary Types 2000 2010

Provisioning services Material production 184.18 326.85 7.75
Regulating services Gas regulation 32.46 31.22 −0.38

Climate regulation 52.94 36.75 −3.06
Hydrological regulation 207.77 217.65 0.48

Waste treatment 195.34 202.17 0.35
Soil conservation 38.42 39.14 0.19

Cultural services Leisure and recreation 59.43 62.37 0.50
Supporting services Biodiversity 61.78 61.19 −0.09

Total 832.31 977.35 1.74

From the perspective of the changes in the ESVs of various land-use types in the SWCR, the total
ESVs of the five land-use types increased by 14.5 billion Yuan between 2000 and 2010, of which the
ESVs of unutilized land increased the most, from 0.02 billion Yuan in 2000 to 0.07 billion Yuan in 2010,
with an average annual increase rate of 25% (Table 3). This indicates that the proportion of unutilized
land converted to ecological land in the SWCR increased the most in the past 10 years. The average
annual growth rates of agricultural land, forest land, wetland, and grassland were 2.36%, 2.55%, 1.28%,
and 4.28%, respectively, of which the wetland ecosystem service value had the lowest rate of change.
Because of the outbreak of blue algae in Taihu Lake in 2007, Jiangsu Province invested a large sum of
money to restore the environment. Thus, although the existing study showed that the ESVs in Wuxi
City declined from 1997 to 2007 [45], the ESVs in SWCR increased from 2007 to 2010, verifying the
effectiveness of Jiangsu Province’s ecological protection policies and a series of projects, which was
consistent with the research result of Shi et al. (2017) [46].

Although the ESVs of unutilized land increased the most, the ESVs per unit area of unutilized
land showed a downward trend, with an average annual reduction rate of 2.61%. This was because the
area of unutilized land increased significantly from 732.88 ha to 4035.46 ha between 2000 and 2010.
The ESVs per unit area of agricultural lands, woodlands, wetlands, and grasslands increased. The
average annual increase rates of ESVs per unit area of grasslands and agricultural lands were 8.01%
and 6.25%, respectively, while the average annual increase rate of ESVs per unit area of wetlands was
only 0.60%. In recent years, wetlands have been seriously polluted, and their ESVs reduced in recent
years [38,47]. Moreover, the ESVs of wetland accounted for more than 60% of the total values, while
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the ESVs of other land use types accounted for a relatively low proportion (Table 3). It resulted that
wetlands had a relatively low change rate and increase rate per unit area.

Table 3. Change in ecosystem service values of different land-use types from 2000 to 2010.

Year Agricultural
Land Woodland Wetland Grassland Unutilized

Land

ESVs (108 Yuan) 2000 202.32 63.78 538.87 27.32 0.02
2010 250.13 80.07 608.08 39.00 0.07

Proportion (%) 2000 24.31 7.66 64.74 3.28 0.00
2010 25.59 8.19 62.22 3.99 0.01

Annual change rate (%) 2.36 2.55 1.28 4.28 25.00
ESVs per unit area

(104 Yuan/ha) 2000 2.08 6.96 12.30 65.47 0.23

2010 3.38 8.87 13.04 117.93 0.17
Annual change rate of
ESVs per unit area (%) 6.25 2.74 0.60 8.01 −2.61

On the spatial scale, as far as the change of the total ESVs was concerned from 2000 to 2010
(Figure 4), the areas of value reduction were mainly concentrated in the central urban area of the SWCR,
Wuxi New District, and Suzhou Industrial Park. Among these, the total ESVs of Suzhou Industrial
Park decreased the most, with a value reduction of 331 million Yuan in 10 years. The other areas
showed increasing trends to different extents, among which Liyang City and Yixing City (located
in the northwest of the study area), and Wuzhong District (located in the south of the study area)
had the largest increase in the total ESVs, more than 1.349 billion Yuan over 10 years. Furthermore,
the increments of total ESVs in peripheral areas (such as Zhangjiagang City, Jintan City, Kunshan
City, Wujin District, etc.) were higher than those in central areas (such as Suzhou High-tech Zone,
Xiangcheng District, Binhu District, etc.). Generally speaking, the increment of ESVs in the study area
showed a spatial distribution trend spreading from the center of the study area to the periphery.
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3.1.2. Regionalization of ESVs

The clustering method was applied to 28 cities and districts by using four zoning variables.
We initially used a range of 3–5 categories. The clustering required the same dimension, so we
standardized the data and measured these with squared Euclidean distance. In order to get a more
scientific, reasonable, and practical regionalization in the SWCR, combined with mean analysis, experts
(from environmental scholars to public officials) familiar with the situation of Taihu Lake were invited
to have a discussion. The experts were invited to give their opinions and fine-tune the clustering
analysis results. Finally, the SWCR was divided into the following four zones, according to four factors
(the changes of ESVs, the changes of population density, the changes of GDP per unit area, and the
changes of urban expansion intensity of 28 cities and districts between 2000 and 2010).

Zone I was a synergistic development zone (SDZ), including 14 cities and districts (Figure 5). They
were mainly located in the north, center, and east of the SWCR, and agricultural lands and construction
lands were the main land-use types in this zone. From 2000 to 2010, there was an upward trend in the
expansion of urban construction, population density, and GDP per unit area (Table 4). At the same
time, the government spent a great deal of money on the restoration of ecosystem in this zone, such as
the construction of WRPs and National Wetland Parks, which increased the ESVs from 2000 to 2010.
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Table 4. Average value of zoning indicators in four zones from 2000 to 2010.

Zone Types Zones
Change of GDP

Per Unit Area
(108 Yuan/km2)

Change of
Population Density

(104 Person/km2)

Change of Urban
Expansion
Intensity

Change of
ESVs

(108 Yuan/Year)

ESV output area Zone I 2.459 0.086 0.016 2.221
Zone II 0.638 0.007 0.008 14.487

ESV input area Zone III 3.776 0.300 0.028 −0.932
Zone IV 16.460 −0.094 0.018 −0.092

Note: GDP: gross domestic product.



Sustainability 2019, 11, 4876 13 of 24

Zone II was an ecological conservation zone (ECZ), which consisted of eight cities and districts,
mainly located in the northern, western, and southern parts of the SWCR (Figure 5). The main land-use
types were agricultural lands and wetlands, and this zone had the most forest in the study area.
Compared with the other three zones, the increments of ESVs were the largest, while the increments of
GDP per unit area, population density, and urban expansion intensity were the smallest between 2000
to 2010 (Table 4). This showed that this zone was a typical ESV output region, which implemented
ecological protection at the expense of economic and social development.

Zone III was an ecological degradation zone (EDegZ), which consisted of five cities and districts,
mainly located in the north, center, and east of the study area (Figure 5). Construction land was the
main type of land-use in this zone. In the four zones, ESVs declined the most over 10 years in this
zone, while the indicators related to GDP, population, and urban expansion increased (Table 4). This
suggested that this zone was a typical ESV input area, developing the economy at the expense of the
ecological environment.

Zone IV was an economic development zone (EDevZ), including one district (Chong’an District)
(Figure 5). The land-use type was mainly construction land, accounting for more than 90% of the total
area. It was a typical ESV input region, where the zone was rapidly promoting its economy while
taking the cost of destroying the ecosystem. Although GDP per unit area in this region increased
most during 2000–2010, Chong’an District is an old urban area, and so its urbanization expansion and
population density change rate were lower than those of Zone III, and the impact of human activities
on the eco-environment of the region was smaller than that of Zone III. Therefore, the decrement of
ESVs was less than that in Zone III (Table 4).

3.2. Scenario Analysis

As shown in Table 5, among the five scenarios, the protection priority over development scenario
had the most increments of ESVs per unit area from 2000 to 2010, and the urban development scenario
had the least. This indicates that the ESVs increased with an increase of the area from cultivated lands
to wetlands. It was not difficult to find this, as the ecosystem service value of wetlands per unit area
was higher than that of agricultural lands and, so, the ESV increased in the process of transforming
agricultural lands into wetlands in the ecological protection scenario. Meanwhile, the expansion of
construction lands occupied other kinds of valuable land, which caused the ESV to decrease with the
expansion of construction lands in the urban development scenario.

Table 5. The changes of ESVs in five scenarios (unit: Yuan 108/a).

Scenarios Soil
Conservation Biodiversity Waste

Treatment
Material

Production
Gas

Regulation
Climate

Regulation
Hydrological
Regulation

Leisure and
Recreation

Changes of
Total ESVs

Scenario I 0.02 0.14 0.65 0.00 0.05 0.34 0.73 0.21 2.15
Scenario II −0.10 −0.10 −0.23 −0.09 −0.07 −0.14 −0.22 −0.06 −1.02
Scenario III −0.08 0.04 0.41 −0.09 −0.01 0.19 0.51 0.14 1.10
Scenario IV −0.24 −0.13 0.04 −0.23 −0.12 −0.04 0.15 0.05 −0.53
Scenario V −0.05 0.25 1.39 −0.09 0.06 0.71 1.61 0.46 4.34

Among the five scenarios, the total ESVs increased the most in the protection priority over
development scenario; however, the agricultural lands could not be completely converted into
wetlands because of the Ecological Red Line Policy adopted by China to protect cultivated land area.
Thus, in order to find a more reasonable future development mode, the trade-off of the increments
of ESVs per unit area under the five scenarios were further discussed. As can be seen in Figure 6,
hydrological regulation values and waste treatment values increased more the under ecological
protection scenario, but less under the urban development scenario. It showed that an increase of
wetland area mainly improved the hydrological regulation function and waste treatment function of
the ecosystem. As can be seen from the radar map, the increments of all kinds of ESVs in the protection
and development scenario were the most balanced.
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Generally speaking, it was not surprising that although the ESVs increased the most in the
protection priority over development scenario, the transformations of land use in reality did not occur
in such an extreme scenario. The protection and development scenario can not only guarantee the
increase of ESVs, but also balance the increase of various types of ecosystem services. Therefore, this
scenario was the relatively optimal one. At the same time, this scenario was in-line with the general
land-use plan of the study area, showing that this scenario had certain reasonability and practicality.

3.3. Compared with Ecological Protection Red-Line Planning

According to the latest National Ecological Protection Red-Line Planning of Jiangsu Province [27],
the SWCR carried out hierarchical management of ecological red-lines to restrict the development and
construction activities that destroy ecosystems. The four zones divided in this study were basically
consistent with the ecological space control zones in the ecological protection red-line planning of
Jiangsu Province. This also suggested that the government should redouble its efforts in protecting
and improving the ecological environment in this region, especially in ECZ, and adopt strict policies
and measures to ensure the maximum ecological benefits of ESV output areas. In summary, the
comprehensive zoning method based on ESV increment, economic, and social factors proposed in this
study is consistent with existing ecological protection plans and overall land-use planning of Jiangsu
Province, which are scientifically reasonable.
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3.4. ECS for ESV Output Area

3.4.1. Opportunity Cost

The SDZ included 14 cities and districts, and the EDevZ included eight cities and districts. Table 6
showed that the average grain yield per hectare of the SDZ was not much different from that of the
ECZ, which was only lower than the ECZ by 34 kg/ha. Using the spatial overlay analysis of ArcGIS,
the area of agricultural land converted to wetland of each city and district in the SDZ and ECZ from
2000 to 2010 can be obtained (Figure 7). According to Equation (1), the lost opportunity cost per year
in the SDZ was 1.02 million Yuan/year, which was far lower than the ECZ (2.79 million Yuan/year).
This was because, compared with the SDZ, the ECZ had a lower GDP and more incremental ESVs,
which meant more lost opportunity costs for ecological conservation. The opportunity costs calculated
by different methods are quite different. Dai et al. (2013) [47] estimated the opportunity cost of
limited industrial development in Fogang County, China, due to ecological conservation by using the
development loss cost method, which was about 400 million Yuan/year, while Zheng et al. (2013) [41]
used the agricultural income opportunity cost method to estimate the opportunity cost of Miyun
Reservoir, China as 710 Yuan/ha. The opportunity cost calculated in this study was lower than that
of Dai et al. (2013) [47], as they considered the regional lost GDP, but regional GDP change was
not only caused by ecological conservation. Kosoy et al. (2007) [48] used ecological compensation
to solve ecological problems in Central America, and suggested that land benefits should be used
as a carrier for opportunity costs. The ecological protection in the SWCR was mainly returning
farmland to wetland. Therefore, this study chose the lost grain income due to ecological protection as
the evaluation carrier. Moreover, in developing countries, farmers’ incomes mainly come from the
agricultural management of land. For the regions that implement ecological protection, if farmers’
income cannot be compensated, local farmers will choose to continue to operate the land instead of
joining the environmental protection contract.

Table 6. The opportunity costs of ecosystem service output zones.

Zones Cities and Districts
Grain Yield
Per Hectare

(kg/ha)

Area of Agricultural
Land Converted to
Wetland (ha/year)

Unit Price of
Grain

(Yuan/kg)

Opportunity Costs
(10,000 Yuan/Year)

Synergetic
development zone

Canglang District 7131 * 0.00

1.4

102

Pingjiang District 7131 * 0.00
Jinchang District 7131 * 0.00

Xinbei District 6620 2.42
Qishuyan District 8156 0.08
Tianning District 7131 * 0.34
Huishan District 6889 * 24.51
Xishan District 6889 * 0.91
Binhu District 6889 * 6.03
Jiangyin City 6810 28.85

Suzhou High-tech Zone 7171 * 0.00
Taicang City 6934 71.38

Kunshan City 7042 1024.06
Xiangcheng District 7171* 278.09

Mean 7078 102.62

Ecological
conservation area

Jintan City 6995 223.73

279

Liyang City 7510 451.99
Wujin District 6787 81.55

Yixing City 6722 126.79
Wuzhong District 7171 * 321.56

Wujiang City 7829 536.73
Zhangjiagang City 6683 47.97

Changshu City 7198 455.29
Mean 7112 280.70

Note: * indicates that there was no data for the separated grain crop yield in this area, which was replaced by the
average of the city or the whole city.
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3.4.2. Direct Cost

Table 7 shows that the construction cost per unit area and operating costs of 10 typical WRPs in
SDZ and ECZ. The construction cost was a one-time investment and was converted into an annual
value by Equation (3). In the SDZ, the construction cost per unit area was about three times the
operating cost per unit area, while the ECZ had little difference. This was because the SDZ was
mainly located in the center of the cities, and the population density was relatively large. The WRPs
implemented were mostly wetland parks for public enjoyment of leisure and entertainment. On the
contrary, ECZ was often geographically remote, and most of the WRPs were wetland conservation
projects without wetland parks, thus the construction cost and operating costs in the SDZ were higher
than the ECZ. The total cost per unit area of the SDZ was 0.00165 billion Yuan/ha·year, which was four
times higher than the ECZ. According to Equation (2), it can be concluded that the opportunity costs of
SDZ and ECZ were 1.94 billion Yuan/year and 0.71 billion Yuan/year, respectively.

3.4.3. ECS

The ECS of SDZ and ECZ can be obtained by combining the regional increments of ESVs under
both protection and development scenarios, opportunity costs, and direct costs. As can be seen from
Table 8, the opportunity cost was the lowest, while the direct cost was the highest. According to the
costs, the compensation standard for the SDZ was about 1.94 billion Yuan/year, and the compensation
standard for the ECZ was about 0.71 billion Yuan/year. According to the increments of ESVs, the
compensation standard for the SDZ was about 22.30 million Yuan/year, and the compensation standard
for the ECZ was about 90.00 million Yuan/year. With comprehensive consideration of the values of
three aspects, the compensation standard for the SDZ should be about 1.94 billion Yuan/year, and the
compensation standard for the ECZ should be about 0.80 billion Yuan/year.
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Table 7. The direct costs of ecosystem service output zones. WRPs: wetland restoration projects,

Zones WRPs Wetland Area
(ha)

Construction
Cost

(108 Yuan/Year)

Construction Cost
Per Unit Area

(108 Yuan/Year)

Operating Cost
(108 Yuan/Year)

Operating Cost
Per Unit Area

(108 Yuan/Year)

Total Cost Per
Unit Area

(108 Yuan/Year)

Direct Cost
(Billion

Yuan/Year)

Synergetic
development zone

Shiba Bay wetland 265 88.96 0.022 10.98 0.003 0.0246

1.94

Guanshe Mountain wetland 58 16.41 0.018 3.96 0.004 0.0229
Shangxian River 87 19.63 0.015 6.32 0.005 0.0194

Changguangxi wetland 93 27.61 0.019 8.71 0.006 0.0255
Lianghe Bay wetland 195 5.06 0.002 4.02 0.001 0.0030
Lianghong wetland 120 40.64 0.022 9.08 0.005 0.0270

Gonghu Lake 95 3.83 0.003 2.36 0.002 0.0042
Jiuli River 47 1.53 0.002 2.39 0.003 0.0054

Mean 0.013 0.004 0.0165
Ecological

conservation zone
Shatang Port– Zhudu Port 76 2.91 0.002 1.93 0.002 0.0042

0.71Dapu Port 83 2.76 0.002 1.43 0.001 0.0033
Mean 0.002 0.002 0.0038
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Table 8. Ecological compensation standard of ecosystem service output zones.

Zones Opportunity Cost
(Million Yuan/Year)

Direct Cost
(Billion Yuan/Year)

Increment of ESVs
(Million Yuan/Year)

Synergetic development zone 1.02 1.94 22.30
Ecological conservation zone 2.79 0.71 90.00

Total 3.81 2.65 112.30

3.5. ECS for ESV Input Areas

3.5.1. WTP Assessment

Among the 600 study samples, 22 invalid questionnaires with unknown information were
excluded, and 578 questionnaires were taken as valid. The effective rate of questionnaire recovery
was 96.3%. Among the 578 valid samples, 391 (67.6%) of the respondents were willing to pay for the
WRPs (WTP > 0) after the basic situation of the wetlands was understood, indicating that sustainable
protection of the wetlands was accepted by most people. A total of 187 of the 578 respondents (32.4%)
refused to pay any fees for the WRPs (WTP = 0).

Figure 8 showed the distribution of WTP bids for WRPs. The bid amount ranged from 1 Yuan to
1000 Yuan, of which the frequencies of 10 Yuan, 50 Yuan, and 100 Yuan were relatively high. The mean
and median values of WTP were 70.53 Yuan and 50.00 Yuan, respectively. The median value of WTP
was lower than the mean value, indicating that most of the respondent’s payment costs were lower
than the average value, and that the bid amount obviously showed a left-biased distribution, which
was consistent with the public’s daily payment psychology—that is, payment frequencies with a low
amount were relatively high. The low-paying psychology of the respondents was also related to the
degree of understanding of the WRPs and environmental awareness of the respondents.
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The correlation between WTP amounts and the geographical location of the respondents was
analyzed by a non-parametric Spearman correlation test. Unexpectedly, the geographical location was
negatively correlated with WTP amounts (p < 0.01) (Table 9).
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Table 9. Spearman correlation analysis of the effects of location on willingness to pay (WTP) amounts.

Variables Correlation Coefficient p-Value (2-Tailed) Samples

Location–WTP amounts −0.207 0.000 ** 391

Note: ** p < 0.01.

Suzhou Industrial Park (short distance), Chong’an District (medium distance), and Zhonglou
District (long distance) were introduced into three regression models as dependent variables. The
independent variables were the individual’s understanding of ecological protection, attitude, trust in
the government, and demographic variables. As the WTP amounts had a skewed distribution, the
peak was left, and the long tail was biased to the right (Figure 8), and the logarithmic transformation
method was used to shift the distribution closer to a normal distribution and reduce the variability of
the data. Stepwise regression models were constructed, and the difference significance levels of 0.01
and 0.05 were selected.

It can be seen from Table 10 that there was a significant positive correlation between the income
level and the WTP amounts of the respondents in the three different distance levels. In general, the
respondents most willing to pay for the Taihu Lake ecological protection were those with higher
incomes living in areas closer to the wetlands.

Table 10. Influencing factors of willingness to pay amounts under distance restrictions.

Models Significant Variables Unstandardized
Coefficient (B) p-Value 95% Confidence Interval

Model A: Suzhou
Industrial Park
(short distance)

Constant 2.604 0.000 1.752 3.457

Household income 0.414 0.000 0.277 0.551
Model B: Chong’an

District
(medium distance)

Constant 1.924 0.000 1.130 2.718

Household income 0.476 0.000 0.326 0.626
Education −0.125 0.019 −0.230 −0.021

Model C: Zhonglou
District (long distance) Constant 1.929 0.002 0.787 3.071

Household income 0.310 0.020 0.051 0.569
Age −0.312 0.005 −0.526 −0.097

The WTP amounts of the respondents were predicted using the average values of the variables
in Equation (6). The predicted average WTP was 68.50 Yuan/household/year for Suzhou Industrial
Park, 25.53 Yuan/household/year for Chong’an District, and 12.71 Yuan/household/year for Zhonglou
District. Finally, the average WTP was obtained according to the area of each region (Table 11).

Table 11. WTP in different districts.

Zones Cities and Districts Households
(104)

Average WTP
(Yuan/Household·Year) WTP (104 Yuan/Year)

Economic development area Chong’an District 10.70 68.50 733
Ecological degradation area Suzhou Industrial Park 11.35 25.53

225Zhonglou District 12.60 12.71
Total 34.65

3.5.2. ECS

The ECS for EDegZ and EDevZ can be obtained from the regional decrements of ESVs under both
the protection and development scenario and the WTP of the public in the ecosystem service input areas.
As can be seen from Table 12, the public’s WTP was higher, while the ESVs were lower. According to
the WTP compensation, the compensation standard for EDegZ should be about 2.25 million Yuan/year,
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and the compensation standard for EDevZ should be about 7.33 million Yuan/year. Compared with
EDevZ, although the lost ESVs in EDegZ were relatively high, due to the low public perception of
environmental degradation, their WTP was directly related to the income level of the public. According
to the decrements of ESVs, the compensation standard for EDegZ was about 2.20 million Yuan/year,
and the compensation standard for EDevZ was about 0.06 million Yuan/year. In terms of the values of
the two aspects, the compensation standard for EDegZ should be about 2.20–2.25 million Yuan/year,
and the compensation standard for EDevZ should be about 0.06–7.33 million Yuan/year.

Table 12. The ecological compensation standard of ecosystem services input zone.

Zones WTP (Million
Yuan/Year)

Decrements of ESVs
(Million Yuan/Year)

The Ratio of Ecological
Compensation to GDP (%)

Ecological degradation area 2.25 −2.20 0.01
Economic development area 7.33 −0.06 0.05

Total 9.58 −2.26

It can be seen that, if public participation is strengthened during the implementation of ecological
compensation, under reasonable development conditions, most of the public are willing and able
to compensate for the reduction in the value of ecosystem services caused by regional economic
development. Combining the principle of ‘who develops, who protects, who benefits, and who
compensates’ and public participation can enable local residents to actively participate in the work of
regional ecological environmental protection and governance and, accordingly, put forward specific
opinions and policy suggestions in accordance with the local economic development level and citizens’
will. This will not only protect the local people’s right to know the environment, but also strengthen
the participation and supervision of the public. It will also help alleviate the government’s financial
pressure, promote the implementation of comprehensive ecological environment prevention and
control, and establish a long-term mechanism for water resource protection.

3.6. Feasibility Analysis of Ecological Compensation

Many scholars have suggested that opportunity cost should be used as the lower limit of ECS, and
that ESVs should be the upper limit of ECS [49]. With the deepening of the research on ESVs, Lai et al.
(2015) [50] considered that the ECS was not directly based on the stock values of regional ecosystem
services, but on the added values of ecosystem services generated by regional ecological restoration as
the theoretical limit of compensation. Newton (2012) [51] and Ferraro (2015) [52] also selected protected
areas and non-protected areas for comparisons, in order to calculate changes in ecosystem services
caused by ecological protection. The ecosystem service input areas considered in this study were all
economically developed areas. The ECS was based on the WTP and the decrement of ESVs. The
ratio of ecological compensation to the average annual GDP did not exceed the proportion of regional
environmental protection investment in GDP (3%) (Table 12), indicating that the ecosystem service
input areas were fully capable of inter-regional compensation, which made ecological beneficiaries
and providers more reasonable in sharing and enjoying the costs and benefits, promoting the effective
purchase of ecological services. On the other hand, the ecological service output areas can obtain
corresponding economic compensation, thereby stimulating the enthusiasm of various regions to
protect the ecological environment, forming a benign interactive relationship between ecological
compensation and environmental protection and promoting the harmonious development of economic
construction and ecological civilization.

4. Conclusions

Taking ecological compensation as the breakthrough point, on the basis of a large number of
investigations on ecological compensation mechanisms and evaluation methods of ESVs, combined
with the research background and significance of the differentiation of ECS, using a rapidly urbanized
area (the SWCR) as the research area, a differentiated assessment method of ECS was proposed based
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on the changes of ESVs with the spatial analysis method of ArcGis. The main results are summarized
as follows:

First, the total ESVs increased by 14.5 billion Yuan in 2000–2010. The increase of total ESVs in the
SWCR was mainly due to the increase in the value of supply services. At the same time, as the value
of supply services increased, the value of regulating services and the value of supporting services
decreased, accordingly. From the point of view of land-use types, the total ESVs of five land-use types
showed an upward trend, in which the ecosystem service value of unutilized land increased the most,
but the ecosystem service value per unit area showed a downward trend. On the spatial scale, there
was an obvious difference in ESVs, and the increment of ESVs in the study area showed a spatial
distribution trend of spreading from the center of the study area to the periphery.

Second, a comprehensive ESV zoning model was constructed in this study. The SWCR was
divided into four zones, among which the SDZ and the ECZ were the ESV output areas, and the EDegZ
and EDevZ were the ESV input areas. The protection and development scenarios in the future will be
optimal, with the increments of ESVs per unit area being the most well-balanced under each zone.
The proposed comprehensive zoning method can be consistent with the existing ecological protection
plans and overall land-use planning of the Jiangsu Province, which is scientifically reasonable.

Finally, on the basis of ESV regionalization and scenario analysis, combined with direct cost,
opportunity cost, and changes of ESVs, different ECS were proposed. Under the protection and
development scenario, the SDZ should be paid about 1.94 billion Yuan/year, the ecological conservation
area should be paid about 0.80 billion Yuan/year, the EDegZ should pay about 2.20–2.25 million
Yuan/year, and the EDevZ should pay about 0.06–7.33 million Yuan/year. A feasibility analysis of
ecological compensation showed that the ecological compensation values of the ESV input areas
accounted for no more than the proportion of the regional environmental protection investments (3%),
indicating that the ecosystem service input areas were fully capable of inter-regional compensation,
which made ecological beneficiaries and providers more reasonable in sharing and enjoying costs and
benefits, promoting the effective purchase of ecological services. This indicates that the multi-district
ECS proposed in this study are reasonable and operational.

Ecological compensation has been implemented for a long time in China; in particular, the
large-scale projects of returning farmland to forestry (grassland) have achieved remarkable results.
However, China has a vast territory, along with a large number of contradictions in stakeholders.
It is difficult to determine the scope and object of compensation when the government often acts
as an ecological payer, which causes conflicts of interest among provinces and basins. As China’s
compensation fund is often insufficient and limited, in order to maximize the efficiency of compensation
funds, it is necessary to scientifically and reasonably spatially identify recipients and compensators
under the compensation contract. However, the spatial selection methods of the compensation objects
in existing studies have been focused on the economic and the maximum compensation benefits of
the cost, while ignoring the ecological and social benefits. This study suggests that future spatial
selection methods of the compensation objects should combine ecological, economic, and social factors,
and that the proposed ecological compensation zoning method based on ESV assessment and spatial
clustering analysis can effectively alleviate the inequalities of the regions. In addition, in the process of
ecological protection, the error of compensation standard was caused by the difference between the
accounting cost and the actual cost. Therefore, this study suggests that the ECS of each recipient and
compensator should be accounted for separately by a cost–benefit analysis method and CVM, when
determining future ECS. The developed evaluation framework of ECS in this study can accurately
provide a scientific basis for the determination of ecological compensation regulations and policies in
the future.
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