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Abstract: To solve the problem of unitary ecological compensation standards in river basins by
scientifically clarifying the compensation for ecological protection investments and for pollution,
this research divided ecological environment property relations between the upstream and
downstream into three types: downstream ecological compensation for the upstream, upstream
ecological compensation for the downstream and sharing the rights of the ecological environment.
The various compensation standards were divided into three stages according to the location
quotient and pollutant concentration. Calculation and analysis were performed for the ecological
compensation of the Xiaoqing River Basin at the junction of Jinan City and Binzhou City of Shandong
Province as an example. The results showed that: (1) the downstream compensations for the three
stages were 2.139 billion yuan, 2.349 billion yuan and 2.489 billion yuan when only the downstream
ecological compensation for the upstream was considered; (2) the compensations for the three
stages were 88 million yuan, 107 million yuan, 124 million yuan when only the upstream ecological
compensation for the downstream was considered; and (3) the compensations in the three stages
were 2.051 billion yuan, 2.242 billion yuan, 2.365 billion yuan when ecological environment rights
were shared. Under this property relation, the ecological compensation standard considering water
quality and water yield and the goal of ecological environmental protection are clear and the content
of compensation is complete, which is easily accepted by all parties.

Keywords: ecological environment property relation; ecological compensation; location quotient;
pollutant concentration; Xiaoging River Basin

1. Introduction

Natural resources and ecological environments are basic needs for the existence and development
of humanity [1,2]. Since most ecosystem services are for public goods or quasi-public goods, they
cannot enter the market. The opinion that ecosystem services have no value has been ingrained in
the minds of people for a long time and has permeated all aspects of economic and social activities.
According to estimates from the United Nations Millennium Ecosystem Assessment [3], during
19602005 there was a huge demand for ecosystem services, with a doubling of world population and
a growth rate more than six times that of the global economy, whereas nearly 2/3 of the ability of
ecosystem services declined. This shows that the improvements from industrialization came at the
expense of the accelerated consumption of natural assets and that human beings must explore ways to
solve ecological environmental problems [4].

Ecological compensation is an important economic means to protect ecosystem services
and regulate market failure for the protection and sustainable use of the ecosystem [5,6];
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ecological compensation takes economic means as the main way to adjust the institutional arrangement
of stakeholder interests [7]. Specifically, ecological compensation includes the four following main
aspects: (1) the cost to protect the ecosystem itself; (2) externality of economic benefits should be
internalized by economic means; (3) economic compensation to individuals or regional protection of
ecosystems and environments for the loss of development opportunities; and (4) protective actions
undertaken for regions or objects with great ecological value [8].

Ecological compensation mechanisms could encourage local governments, environmental NGOs
and community groups to seek new means to protect water resources, which will promote the economic
growth of poor rural areas during ecological protection. With increasing demand for water resources
from ecological compensation systems, the topic of water ecological compensation began to appear as
an object of study [9-11]. At present, foreign experts and scholars in the field of watershed ecological
compensation standards say that such standards are generally based on ecological environment
construction and protection costs, ecosystem services values or willingness to pay the values of
ecological services and other aspects of measurement. Pagiola [12] interpreted the basic idea of the
theoretical framework of ecological compensation and proposed the idea of ecological compensation
quota calculation based on the ecological value equivalent from the perspective of geographic scale
correlation and scale conversion. Pimentel [13] used the ecosystem value equivalent method to
estimate the service value of natural capital and calculated the benefits directly or indirectly obtained
from the ecosystem. Kong [14] used the willingness to pay (WTP) value evaluation method, taking
the Poyang Lake wetland as an example, and determined watershed ecological service values and
the corresponding ecological compensation standard. However, the definition of the ecological
environmental property rights of these studies is vague, and the cost and income of the damaged party
or beneficiary party are often considered. The determined ecological compensation standards often
find it difficult to consider the interests of all parties. At the same time, the ecological compensation is
not sufficiently humane and the amount of compensation is too small. Single compensation standards
often lead to the phenomena of excessive compensation and insufficient compensation, which leads to
difficulty implementing compensation policy [15,16].

In China, water resources mainly belong to the state and collective ownership; therefore,
water resources and ecosystem services are not implemented by market transactions but through
financial transfer payments for ecosystem services provider compensation by the central or local
government [17]. In recent years, many provinces and municipalities have carried out some policy
tests related to the ecological compensation of water resources [18,19], and state ministries and
commissions, such as the Ministry of Environmental Protection, the National Development and
Reform Commission (NDRC), the Finance Bureau, and the Forestry Bureau, have begun to study the
issue of ecological compensation mechanisms [20]. In 2017, the 19th Session of National Congress of
the Communist Party of China clearly proposed to vigorously promote the construction of ecological
civilization [21], implement important ecological system protection and rehabilitation for major
projects, and establish market-oriented, diversified ecological compensation mechanisms. Based
on this, ecological compensation will become an important means of water resources utilization and
will benefit the balance of water environment utilization in the new period in China.

Based on the preceding developments, we will redefine the ecological environment of a river
basin property, consider the location quotient and pollutant concentrations, and propose a multi-stage
standard of ecological compensation between downstream watersheds, with ecological compensation
of the local governments in Xiaoqing River basin as an example, to calculate the compensation standard
for different ecological environment property relations and different stages under the standard to draw
relevant conclusions and policy implications. This work can provide theoretical scientific guidance for
the calculation of watershed ecological compensation standards.
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2. Methodology

We defined the main body of valley ecological compensation in this study as the upstream and
downstream of a river basin and the compensation object as the maintenance of ecological function,
the investment of ecological function protection, and the loss caused by the ecological environment
utilization of the river basin. To determine the scope and standard of compensation, we first needed
to determine the goal of ecological and environmental protection and governance for each subject
of compensation, which is determined by national and local ecological environmental management
departments according to the ecological environmental protection target area, environmental capacity
and regional social and economic development goals. Then, based on the definition of the ecological
property rights of the participants, ecological compensation can comprehensively compensate for the
ecological protection investment and pollution damage [22,23].

We assume that the ecological construction and protection of investments will be carried out
in the upper catchment; however, because of the public good the ecological environment resources
in the basin cannot be exclusively consumed. The ecological and environmental services provided
by these inputs have externalities that are shared by the upper and lower consumers of the basin,
and the right to ecological services based on investment in ecological protection is thus owned by
both the upstream and downstream. However, the pollution rights or emissions rights based on
watershed environmental capacity between the upper and lower reaches of the river basin are hard
to define, and who owns the environmental capacity in the upper and lower reaches of a river basin
will determine the objects of pollution compensation and the standard of compensation. Based on the
above definitions of two kinds of river basin ecological environmental rights, we divided property
rights for the downstream ecological environments into three cases: the upstream pollution rights,
no pollution rights upstream, and the downstream sharing of ecological and environmental rights.
Then, we established water allocation and water compensation factors for the consideration of the
ecological environment services, different watershed construction property rights and different water
quality standards under the downstream ecological compensation standard [24].

2.1. Downstream Ecological Compensation

In the ecological construction and protection of investments in an upstream watershed, both
the upstream and downstream are the beneficiaries and one needs to assume the service values
of the corresponding costs. Different watersheds have their dominant ecosystem services, and
reasonable water resources ecological compensation standards should be formulated based on the
service values of the dominant water ecosystem in the basin. In this study, we used the group
standard of ecosystems defined by Xie Gaodi [25,26] as follows: four categories of services are defined
(supply services, regulating services, support services, and cultural services) and for each category
11 functions are defined: food production, raw material production, water supply, gas regulation,
climate regulation, purification of the environment, hydrological regulation, soil conservation, nutrient
cycling, biodiversity, and aesthetic landscape. The distribution system of water resources ecological
conditions, service climate, human activities and other factors is shown in different leading ecosystem
services in terms of the area and the time range of different spaces. For example, the water resources
ecosystem in some areas is dominated by climate adjustment services, whereas in other areas it may
be mainly based on environmental purification services. Additionally, we need to consider the local
financial capacity. Therefore, this paper borrows the concept and method of the location quotient [27]
to refine and clarify ecological compensation standards of water resources.

2.1.1. Ecological Location Quotient

The expression of the ecological location quotient is as follows:

ej/e
7= EJE
]

)
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where g; is an ecological location quotient for the section j of the water resources ecosystem services,
ejisa service value of the section j of the water resources ecosystem, e is the total value of water
resources ecosystem services for the study area, E; is the service value of the section j of the water
resources ecosystem, and E is the total value of the national water resources and ecosystem services.

Section 11 of the service value of the water resources e¢; was divided into three categories;
the smallest one was the first-level dominant water resources ecosystem service in the study area,
the second type of ecosystem services was the two-level water resources leading ecosystem service in
the study area, and the largest potential water resources ecosystem service in the study area was for
studying the potential of the water resources ecological system.

2.1.2. Downstream Ecological Compensation for the Upstream

The ecological compensation coefficient « is used to measure the current level of economic
development and what standard payment service people are willing to pay. In the growth curve model
of Pearl, the dependent variable is used to reflect the change trend of P within a time model [28,29].
The model can be briefly described as follows: the growth rate gradually increases from the beginning
because of the slow growth of variables and then enters a rapid growth stage followed by a slow
decrease in the growth rate; this trend reflects the characteristics of periodic changes of development.
The characteristics of the value of ecological environment awareness also reflect a similar dynamic
process. In an early stage of development, it is difficult for people to have a full understanding of
the value of the ecological environment; however, when the economy develops to a certain stage
and the problems of food and clothing are solved, especially after a comfortable standard of living is
obtained, the people’s demand for environmental services and the degree of attention to the ecological
environment will increase and then continue to develop to a high saturation stage [30]. Therefore, we
used the Engel coefficient (defined below) and the simplified Pierre growth curve model to represent
the level of economic and social development to calculate the ecological compensation coefficient.

The Pearl growth curve model formula is expressed as follows:

L

— _ 2
1+ ae—bt @

where [ is a parameter representing the development characteristics of things and L is the maximization
of L (L = 1); a and b are constants, and ¢ is time.

The inflection point of the curve is t = In(a/b); here, | = 0.5L, which represents the
symmetry of the inflection point of the curve. To make the model meet the demand, some
conversion is necessary. According to the correspondence between the coefficient and the stage of
development [31], the corresponding development stages are in the ecological compensation coefficient
curve. A development stage of 1/En = 3 is the inflection point of the ecological compensation
coefficient curve, where En is the Engel coefficient. Therefore, we used T = t + 3 instead of the time ¢
axis as the abscissa (Figure 1).

Based on the above factors, the formula for the ecological compensation standard (Ecg) is
as follows:

Ecs=V-ua (3)

where V is the value of the ecosystem services of water resources and a is The ecological
compensation coefficient.
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Figure 1. The Engel coefficient and the Pearl growth curve model.

2.2. Upstream Ecological Compensation

If there are no upstream pollution rights and the downstream pollution rights have no limits,
upstream water quality should be guaranteed to meet agreement standards or national standards to
achieve the corresponding watershed governance objectives. If the water quality of the section is lower
than the standard or standards stipulated by the agreement, according to the “polluter pays” principle,
the upstream should make a corresponding pollution compensation based on the actual water quality
of the cross section [32]. Normally, major pollutants in the basin include ammonia nitrogen (NHj),
chemical oxygen demand (COD), and phosphorus (P). The compensation standard is also divided into
three levels using the method to be discussed in Section 2.1. The amount of compensation for pollution
in the upper reaches of the basin is less than that of the upper reaches and is set up as E¢p as follows:

1

Ecp = Qi Y [(Hf — Hf) - Ci] - B 4)

k=1

where Q; is the downstream exit water, H;‘ is the actual determination of the downstream section
of the K main pollutant concentration index, and Hg is the standard target values of the K main
pollutants for water bodies defined jointly between upstream and downstream. Cy is the amount of
compensation for pollutant emission units, the upstream and downstream water quality protection
according to the input or the cost of the pollution control market; it can also be regarded as the
water price. 8 is for the implementation of pollution compensation policy according to the state and
local government departments of law enforcement or an extra reward and punishment situation to
determine the comprehensive consideration.

2.3. Calculating the Shared Equity of Ecological Environments

Upstream and downstream share the ecological rights and interests of the river basin and
environmental rights [33]; following the principle of co-construction and sharing, upstream and
downstream jointly conduct the ecological construction and protection of investments [34]. At the same
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time, the upstream and downstream share the basin environmental capacity under the water quality
target. How should the upstream and downstream undertake their corresponding responsibilities?
Most current studies have indicated that the input cost can be apportioned based on water quantity,
and if there is no negotiation to reach the common goal of water quality, the injured party charges
for pollution [35-37]. Therefore, in the upstream and downstream sharing of the ecological and
environmental rights and interests of the river basin, the lower reaches of the river basin can consider
the water and water quality indicators to determine compensation for the upstream. The amount of
compensation is defined as E 4¢ as follows:

l

EAC:V'“—Qz‘kZ[(Hlf—Hg)'Ck]'ﬁ ©)
=1

r; is the comprehensive water quality index given by:
Unmi gy
ri = x Z[(Hl - Ho)] (6)
j=1

When the water quality is better than the standard contract (or agreement standard time), r; < 0.
When the water quality is inferior to the agreed standard, r; > 0, and the upstream will compensate
for the pollution because of the water quality deterioration Ecp. When the water is equal to the agreed
standard, r; is 0 (Table 1).

Table 1. Ecological compensation standard based on demarcation of property right.

Property r <o ;=20 r; >0
Downstream ecological compensation V-a Voa V-a
Upstream ecological compensation Ecp 0 —Ecp

Sharing the rights of the ecological environment V.-a+Ecp V-a V-a—Ecp

3. Case Study

The Xiaoqing River is a provincial large-scale river in Shandong Province; its basin area accounts
for approximately 1/15 of the total area of the province, which is 10,336 square kilometers. The basin’s
economy is rapidly developing. Moreover, the Xiaoging River is the important water lifeline of the
social economy in the central region of Shandong Province. The terrain of the basin is low in the north
and high in the south. Most terrain consists of hills on the south side of the Jiaoji Railway and most
are depressions and plains on the north side. In the Xiaoqing River Basin, the population density
is 797 inhabitants/km?; the population density of the Xiaoqing River is 1.33 times of the average
population density of Shandong province (599 inhabitants/km?). The industrial and agricultural
production is rapidly developing in this basin, with a per capita output value 2.23 times that of the
province [38,39].

In the middle of the 1980s, based on the condition of the ecological environment in the river
basin, the government of Shandong province comprehensively improved the urban environment
and controlled the industrial pollution. At the same time, the government began to govern the
ecological water resources in the basin, which are related to the overall socio-economic development
in the province. The government compiled and implemented the comprehensive water pollution
control plan for key provincial river basins such as the Xiaoqing River, Dongping Lake, Yishu River,
Nansi Lake, Majia River and the Tuhai River; some coastal areas, such as Jiaozhou Bay and Laizhou
Bay, were also included. Since the year 2010, the government of Shandong province has set up
the river basin as an ecological compensation pilot area to comprehensively promote the ecological
environmental control work in the Xiaoqing River basin. Early in 2012, the government pushed
forward the establishment of a compensation mechanism in the Xiaoging River Basin and promoted
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pollution control. The government of Shandong province has taken measures to promote ecological
compensation mechanisms in both the upper and lower reaches of the river basin. Based on the
integration of sewage and garbage disposal funds, ecological environmental protection funds and
sewage charges, the government continued to increase its investment in environmental budget funds.
In cooperation with the environmental funds allocated by the central government, the provincial
finance department set up a fund of 100 million yuan to clean up the streamways of the Xiaoqing River
and vigorously promote ecological and environmental management in the Xiaoqing River Basin [39].

This study defined the frontier between Jinan City and Zibo City as the boundary. The Xiaoqing
River Basin of Jinan City above the city boundary is called the upstream area, and the Xiaoqing River
Basin of Zibo City below the city boundary is called the lower reaches (Figure 2). Indicators, such as
ecological and environmental protection investment, water allocation, compensation standards for
pollutant discharge and policy enforcement, are different in each year. In this paper, we took the year
2015 as an example, during which the above indicators were relatively stable. Moreover, we used the
standard model of ecological compensation in the watershed to calculate the ecological compensation
limit of the basin between the upper and lower reaches of Xiaoging River under the definition of the
property rights of different ecological environments.

117°E 118°E
| |

PR China g ® BinZhou

36°N ~ 36°N

" e Ji Nan
Legend ‘ ,’/\
River
Lake
. City [ ] 4c)km
City Boundary
Study Area

Figure 2. Location and administrative divisions of Xiaoqing River basin.

4. Results

4.1. Results of Downstream Ecological Compensation

In the case of owning the pollution rights in an upstream city, the downstream cities only need to
allocate the costs of upstream urban ecological construction; the compensation includes the ecological
protection of compensation, and compensation projects can be subdivided into three specific stages of
the 11 kinds of specific projects. Pricing of ecological compensation in the upstream and downstream
will not be unified because river water resources in different regions have their own leading ecosystem
services. Therefore, ecological compensation standards of different amounts can be formulated for
reference for both upstream and downstream. The ecosystem service value of water resources in 2015
of the Xiaoging River Basin and China were calculated by using the calculation method proposed by
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Xie [25]. According to Equation (1), the water ecosystem service in the study area is divided into three
stages (Table 2). As shown in the results, the eco-location quotients of water supply, gas regulation,
climate regulation and hydrological regulation belong to location quotient stage one. These ecosystem
service functions were classified as those in the first stage and their values totaled 3.187 billion yuan.
Purifying the environment and aesthetic landscape were classified as belonging to the second stage,
with a value totaling 313 million yuan and belonging to location quotient stage two in the Xiaoqing
River Basin. Food production, raw material production, soil conservation, maintaining a nutrient
cycle and biodiversity belonged to location quotient stage three in the Xiaoqing River Basin; they were
classified as ecosystem service functions in the third stage, with a value reaching 209 million yuan.

Table 2. Ecological location quotient and division of ecosystem service functions of the Xiaoging River.

Ecological Compensation Functions Location Quotient Stage
Food production 3.07 3
Supply service Raw material production 245 3
Water resources supply 0.65 1
Gas regulation 0.7 1
Reeulation service Climate regulation 0.7 1
& Purify the environment 1.88 2
Hydrological regulation 0.98 1
Soil conservation 29 3
Support service Maintain a nutrient cycle 2.45 3
Biodiversity 2.77 3
Cultural service Aesthetic landscape 2.2 2

The compensation standard is the core required to realize the ecological compensation of water
resources and is related to the effect and affordability of compensation. The downstream needs to
provide ecological compensation to the upstream if it wants to obtain the corresponding ecological
service benefits through the upstream ecological construction investment because the upstream has
pollution rights. The downstream should encourage the upstream to invest in ecological protection.
Additionally, the proportion of the compensation for ecological protection in the upstream to the total
cost should be greater than the product of its service value of water resources in the river basin and the
Pearl growth curve in Equation (2).

The ecological compensation coefficient was calculated based on the Engel coefficient of the
Xiaoqing River Basin. The ecological compensation coefficient & was calculated from Equation (3). Then,
the reciprocal of the Engel coefficient was set as the horizontal axis and the ecological compensation
coefficient was set as the vertical axis, as shown in Table 3. The results of the Engel coefficient for
2010-2015 show that people’s living standards have reached the affluent stage from the well-off stage
in which people’s understanding and demands for ecological value have gradually increased with
the continuous development of the social economy. Therefore, the compensation coefficient increased
from 0.50 to 0.67 over the years. The results show that people’s understanding and demands for the
ecological value of water resources are in the intermediate stage and that the importance of ecological
value for people is to meet the needs of human development among the needs of human survival,
development and enjoyment.

The ecological compensation standard for water resources of the Xiaoqing River Basin were
calculated from the results of the classification of water resources ecosystem services and the
ecological compensation coefficients shown in Table 4. According to the principle of staged
implementation, the compensation standard was divided into three stages with people’s improved
understanding and demands for ecological value. The ecological compensation standard formulation
in the first stage was based on the ecosystem service function in the first phase, with a value
of 3.187 billion yuan. According to the compensation coefficient of 0.67 based on the economic
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development level in 2015, the compensation amount for the first phase was 2.139 billion yuan.
The water resource area of the Xiaoging River Basin was 4354.6 km? and the compensation standard
was thus 0.491 million yuan/km?. The ecological compensation standard for the second stage was
based on the ecosystem service functions in the first and second stages. With a total value of
3.501 billion yuan, the total compensation amount reached 2.349 billion yuan by the compensation
standard of 0.539 million yuan/km?. Similarly, the ecological compensation standard for the third stage
was based on the ecosystem service functions in the first, second and third stages. With a total value of
3.710 billion yuan, the total compensation amount reached 2.489 billion yuan by the compensation
standard of 0.572 million yuan/km?.

Table 3. Ecological compensation standard coefficients of the Xiaoqing River Basin for 2010-2015.

Years Urban Engel Coefficient/% Rural Engel Coefficient/%  Engel Coefficient «

2010 31.6 33.6 32.3 0.52
2011 31.7 36.4 333 0.50
2012 30.8 35.6 324 0.52
2013 30.6 33.9 31.7 0.54
2014 29.7 33 30.8 0.56
2015 244 32.3 26.9 0.67

Table 4. Ecological water compensation standard for the Xiaoging River Basin for three stages.

Stage Functions V/billion yuan Ecg/billion yuan

Water resources supply
Gas regulation
Climate regulation
Hydrological regulation

Stage one 3.187 2.139

Purify the environment

Aesthetic landscape 3.501 2.349

Stage two

Food production
Raw material production
Stage three Soil conservation 3.710 2.489
Maintain a nutrient cycle
Biodiversity

4.2. Results of Upstream Ecological Compensation

In the case of upstream pollution-free rights, the compensatory content involves only punitive
compensation for pollution damage. If the upstream does not have environmental rights and
the water quality cannot meet the water quality standard, the upstream needs to compensate for
downstream pollution. The Class III water quality standard in the National Surface Water Standard
(GB3838-2002) is generally deemed as the transboundary water quality target reflecting the current
economic development and the overall level of water environments in China. At present, the number
of pollutant types included in the charging range for pollutant discharge fees generally does not exceed
three, and the pollution equivalents of COD, ammonia nitrogen and total phosphorus are high in the
Xiaoging River Basin. Therefore, COD, ammonia nitrogen and total phosphorus were taken as the main
pollution factors in the scope of pollution compensation in this paper combined with the water quality
characteristics of Jinan City and Binzhou City. By referring to the water pollution environmental
protection taxing standard set by the Shandong Provincial Government, emissions charge standards
of COD, ammonia nitrogen, and total phosphorus in sewage are 3000 yuan/t, 3750 yuan/t and
12,000 yuan/t, respectively.

With changing wastewater treatment costs and social development needs, emissions charge
standards will change accordingly. At the same time, local governments will impose extra fines
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(or rewards) on excessive emission (or sewage emission reduction) according to the actual conditions.
For example, the Management Method on Emissions Charge Standards stipulates that excessive
emissions will be imposed twice as much as emission charges. Therefore, the value of 8 is 2.
According to the National Surface Water Standard (GB3838-2002), the standard limits of COD, ammonia
nitrogen and total phosphorus when the water quality is Class III are 20 mg/L, 1.0 mg/L and
0.2 mg/L, respectively. Assuming that the indexes of water quality of fracture surfaces meet the
limits of the various respective water quality standards, the corresponding ecological compensation
amounts of the first, second and third stages according to Equation (5) are 88 million, 107 million and
124 million yuan, respectively.

4.3. Sharing the Rights of the Ecological Environment

When the ecological environment property relation between the upstream and downstream
Xiaoqging River is to share the rights of the ecological environment, the upstream and downstream
ecological protection investment and pollution compensates for comprehensive consideration and the
downstream need according to the upstream ecological construction investment and water quality
to produce the upstream unified ecological compensation. Shared the ecological environment rights
and interests can be divided into three stages. The delimitation of property rights includes upstream
having pollution right, upstream having no pollution right and sharing the rights of the ecological
environment. Under the above different delimitation of property rights and the different stages,
the model calculation method and the calculation formula in Table 1 were used. The ecological
compensation standard between the upstream and downstream Xiaoqing River is shown in Table 5.

Table 5. Compensating standard of the downstream to the upstream of the Xiaoqing River Basin under
different delimitations of property rights (100 million yuan).

Delimitation of Property Rights/Stage Stage One Stage Two Stage Three
Downstream Ecological compensation 21.39 23.49 24.89
Upstream Ecological compensation 0.88 1.07 1.24
Sharing the rights of the ecological environment 20.51 2242 23.65

5. Discussion

5.1. Advantages of the Method

It can be seen from the calculation results of the three kinds of ecological compensations for the
Xiaoqging River Basin that ecological compensation amounts were different for different delimitations
of property rights and stages. As shown in the calculation results of ecological compensation for the
Xiaoqing River Basin, ecological compensations for investment had a greater impact on the total amount
of ecological compensation than compensation for pollution when sharing the rights of the ecological
environment. Therefore, if only one kind of ecological environment property right is taken into
consideration between the upstream and downstream, other ecosystem service functions in addition
to water quality provided by the ecological environment resources can be ignored, which affects the
fair sharing of ecological benefits between the upstream and downstream. Whether the water quality
between the upstream and downstream (interface) is better than the agreement (stipulated) standard
will determine the direction of compensation between the upstream and downstream. Moreover,
the water quality determines the scale of the compensation amount. Compared with the current
practice of only considering the compensation for ecological protection investment or only considering
compensation for water pollution, the ecological compensation standard that considers both water
quality and water yield takes the goals and effects of ecological environmental protection into full
consideration and considers the impacts of water quality and water yield on compensation standards.
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Moreover, the compensation content is more complete when considering the rights and interests of all
parties so that it is more easily accepted by all parties.

5.2. Deficiencies and Prospects

In the practice of ecological compensation for the Xiaoqing River Basin, although the VAM system
arrangement of water quality compensation between the upstream and downstream Xiaoqing River
Basin can alleviate the interest relationship of ecological environment protection, its compensation
standard lacks sufficient theoretical basis to allow the compensation for ecological protection
investment to be distinguished from the punitive compensation for pollution based on different
delimitations of property rights. In fact, the ecological compensation standard for the Xiaoging River
Basin only considers the indemnification for pollution based on the water quality and generally replaces
the ecological compensation of the basin with indemnification for pollution; however, it neglects the
corresponding compensation that should be made for the upstream ecological construction and
protection investment. Its compensation content is not complete, and the compensation amount
is much smaller than the upstream capital investment and profit loss, which is not conducive to
coordinated social and economic development and the fair sharing of ecological environmental
benefits. At the same time, the compensation for pollution based on water quality in the ecological
compensation for the Xiaoqing River Basin does not have different compensation standards set
for different water quality levels, and the pollution compensation standard cannot be determined
according to the water quality protection investment or pollution control costs, which leads to a limited
function of encouragement or restraint on ecological protection and investment jointly carried out by
the upstream and downstream.

It is difficult to express the ecological benefits of water resources simply by mathematical
expressions and indicators because they cover many aspects and multiple fields. After determining
the final compensation standard for the study area according to the above method, we will need to
verify it by actual investigation. However, the research results of this paper play a role in aiding
the public to further understand the value of water ecosystem services and make people realize that
the value of ecosystem services is no longer just an “astronomical figure”. With the improvement of
the living standards of people and the strengthened awareness of ecological environment protection,
it is necessary to formulate a reasonable ecological compensation standard according to the value of
ecosystem services, which needs exploration and gradual improvement. Comprehensive research
methods for such a formulation need to be further explored and improved.

6. Conclusions

This research was based on the definition of the ecological environment from the perspective of
property rights; it considered the location quotient and pollutant concentration, proposed a multi-stage
standard of ecological compensation between downstream watersheds, and used the Xiaoqing River
basin ecological compensation as an example to calculate the amounts of compensation and define
different property and different stages under the standard. The results showed that:

(1) The standard can be divided into three cases: the upstream of the river basin ecological
compensation for environmental protection through the clear definition of the ecological environment
property rights of the river basin, the ecological compensation of the upper reaches and the lower
reaches of the river, and the ecological rights and interests of the upper and lower reaches of the river
basin. To clarify the object of ecological compensation and the content from the theory, the investment
in ecological protection compensation and compensation from the Environmental Pollution Science
Division were based on their integration into the ecological compensation standard and the ecological
compensation standard for calculation of scientific and complete content.

(2) Compared with a fixed amount of river basin ecological compensation and considering
the location quotient and concentration of pollutants of the basin, the ecological compensation
multi-stage standard increases the basin ecological compensation agreement between the city space,
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and compensation becomes more comprehensive and complete and is more easily accepted by
the parties.

(3) The standard will benefit the ecological environment of the watershed property of different
stakeholders and will have different contents, ecological compensations and ecological compensation
standards for different property rights arrangements. Additionally, the lower reaches of the basin
share ecological and environmental interests; the upstream and downstream interest relationship is
more fair and reasonable. Considering the interests of all parties, it should lead to more application
promotion in practice.China is a developing nation in the practice of ecological compensation; how to
protect the ecological environment, accelerate the improvement of ecological compensation systems,
and construct ecological compensation mechanisms across the region are major reforms currently
facing the country. It is necessary for us to strengthen the study of ecological compensation theory
and the practice of ecological compensation in foreign countries and establish a theoretical system of
ecological compensation with distinctive features to promote the practice of ecological compensation
in China.
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