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Abstract

Water rights transactions are an important way for countries to use market mechanisms to
optimize the allocation of water resources. Taking the South-North Water Transfer East
Project (SNWDP-ER) in China as an example, a full cost pricing model (FCPM) is used to
construct an accounting framework for water rights transactions. Water quality factors are
innovatively introduced into the model to carry out a study on water rights trading pricing
(WRTP) from the perspective of combining water quantity and quality. The results show
that: (1) the actual WRTP (1.25 yuan/m®) for the first phase of the SNWDP-ER was low
and in fact not sufficient to cover the corresponding costs. (2) By calculating the ability of
water users to pay, and comparing this situation with advanced overseas cases, the conclu-
sion was reached that the FCPM of WRTP (1.63 yuan/m3) is reasonable. (3) The method of
accounting for the WRTP for major projects that take into account water quantity and qual-
ity and that are conducive to strengthening ecological protection in river basins is generally
feasible. Reasonable WRTP for major projects can promote water market reform by bring-
ing user fees, improving the competition mechanism in the water market, and reducing the
financial payments pressure.
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1 Introduction

Water is a fundamental natural resource that sustains societies, economies, and ecosystems
(Ahmed et al., 2021; Gleick, 2003); water is also one of the basic elements of produc-
tion. Currently, the conflict between water supply and demand has become a global issue,
severely limiting rapid socio-economic development (Murdock et al., 1991). In this con-
text, the international community is now attaching great importance to the rational alloca-
tion of water resources. Market and economic instruments are used with a view to improv-
ing the efficiency of water use and promoting sustainable economic development (Bhave
et al., 2018; Di et al., 2020). On the basis of their national and water conditions, differ-
ent countries have proposed a series of plans for water resources management and have
actively explored corresponding water rights systems to resolve inter-regional water con-
flicts (Null & Prudencio, 2016; Philpot et al., 2016).

Water scarcity and uneven spatial distribution are also fundamental to China’s national
situation. This is especially the case in the arid northern regions where water resources
are overexploited and ecological degradation is more serious (Berrittella et al., 2006). For
many years, China has been increasing capital investment in the construction of various
water conservancy projects, and a number of major water transfer projects (MWTP) have
been launched. Examples include the South-to-North Water Diversion Project, the Luanhe-
Tianjin Water Diversion Project, and the project of water diversion from the Yellow River
into Qingdao (Chen et al., 2013). However, as one of the basic elements of production,
water resources have not been given sufficient attention with regard to their economic
attributes. In fact, the price of water rights has been at a low level for a long time, resulting
in the inefficient allocation of water resources.

In 2012, the 18th National People’s Congress of the Communist Party of China clearly
proposed to actively carry out pilot water rights trading. In 2017, the “Several Opinions of
the Central Committee of the Communist Party of China and the State Council on Deepen-
ing the Structural Reform of the Agricultural Supply Side and Accelerating the Cultivation
of New Momentum for Agricultural and Rural Development” emphasized accelerating the
construction of water rights and water markets, as well as promoting the confirmation and
entry of water resources use rights. In 2020, the 14th Five-Year Plan called for promot-
ing the market-based trading of water rights. The policies at the national level fully reflect
China’s strategic need to strengthen water rights management. Water rights trading pricing
(WRTP) can solve the contradiction between the static nature of the initial allocation of
water rights and the dynamics of social and economic development (Wang et al., 2017).
Importantly, however, the transaction price will play a key role in the smooth realization of
water rights transactions. A transaction price that is too low not only damages the interests
of the water rights transferor, but also is not conducive to the conservation and protection
of water resources. A transaction price that is too high may increase the water rights trans-
feree’s water cost, making it difficult to achieve the transaction. Therefore, determining the
transaction price of water rights is not only conducive to creating an effective water rights
market, but is also conducive to solving the contradiction between the spatial and temporal
distribution of water resources and promoting the optimal allocation of water resources
(Wang et al., 2017).

The WRTP directly affects the smooth implementation of the water rights trading sys-
tem. As such, how to reasonably determine the WRTP has become a key topic of discus-
sion in academic circles. Scholars have mostly studied the WRTP from the perspectives of
both influencing factors and theoretical models. In terms of influencing factors, Murdock
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et al. (1991) suggested that the pricing of water rights transactions should consider social,
economic, demographic, natural environment, and other factors. Michelsen et al. (2000)
argued that changes in the WRTP are mainly influenced by the reliability of supply, loca-
tion of supply, and type of use. Bjornlund and Mckay (2002) found that the cost of the
water rights market includes the cost of the system and the cost of water conservancy facil-
ities. Brewer et al. (2008) studied the impact of the extent, nature, and timing of water
transfers on the WRTP. Payne and Smith (2013) analyzed the impact of the number of
transactions, year, location, new use of water rights, and whether the transaction occurred
in a dry year on the price of water. Li et al. (2018) analyzed the important role of the eco-
logical environment in water rights transaction prices from the perspectives of river runoff,
groundwater, ecological flow, and water ecosystem. The study emphasized the importance
of ecological environmental effects. Wu et al. (2021) argued that water scarcity directly
affects the transaction price. In addition, for MWTP, the cost of new construction and
expansion, as well as the cost of normal operation, management, and maintenance of such
projects and the depreciation of fixed assets are also key concerns.

In terms of the WRTP methods, commonly used methods include the shadow price
approach, linear programming (Mosha et al., 2016), econometric models (Pullen & Colby,
2008), neural network analysis (Khan et al., 2010), and game theory methods (Sechi
et al., 2011). However, these methods have the following common shortcomings: (i) The
resources and economic data required for the model are not readily available and in any
event are not applicable to the market characteristics of China’s water rights trading market
at its initial stage of development. (ii) It is difficult to make the constraints that express the
human and economic benefits of water resources projects visible during the construction
of the model. (iii) The resulting price only reflects the scarcity of the resource and cannot
replace the cost value of the resource itself.

The burgeoning theory and practice of WRTP have led to more researchers advocat-
ing the use of water markets to address watershed ecosystems (Bakker, 2014; Kuwayama
& Brozovi¢, 2013). However, only a few studies have focused on water quality trading in
water markets (Jamshidi et al., 2014); the pricing models in these studies also fail to ade-
quately reflect the value of water resources well. Accordingly, based on the characteristics
of China’s water rights market, this paper uses the full cost method to construct a water
rights transaction price model that considers water quality and quantity. The South-North
Water Transfer Project in China provides an example of this research. This is the largest
inter-basin water transfer project in human history, affecting the largest number of people
(Pohlner, 2016). In the case of the South-North Water Transfer, for example, the charac-
teristics of an MWTP can be more fully integrated to establish a pricing methodology for
water rights trading that is consistent with an MWTP.

Empirically, this paper adds a limited study of the WRTP for MWTP (Svensson et al.,
2021), takes into account the impact of resource scarcity and water quality scarcity on
water prices, and revises the current resource water price model. The aim is to provide new
empirical evidence for the study of limited water markets in the context of inter-basin trans-
fers (Pérez-Blanco et al., 2020). The incremental contributions of this paper mainly include
three points. First, the water quality factor is innovatively introduced into the WRTP
model. This study fully considers the impact of water quality on the transaction price of
water rights, promotes the practical development of using the water market to solve ecolog-
ical problems in the basin, and ensures the fairness of water rights transactions. The second
is to innovatively introduce ecological compensation factors into the MWTP. This opens
up new channels for the source of funds for ecological compensation in water source areas,
and changes passive “blood transfusion” into active ‘“hematopoiesis.” This will improve the
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Fig.1 China’s South-North Water Transfer East Project

enthusiasm for water rights trading. Third, the FCPM is adopted to calculate the WRTP,
which fully considers the direct cost of water resources utilization and the hidden cost of
water environment governance, so as to improve the rationality of WRTP.

2 Materials and methods
2.1 Study area

The South-North Water Diversion Project draws Yangtze River water from Jiangdu, Yang-
zhou, downstream of the Yangtze River, and uses the Beijing-Hangzhou Grand Canal and
its parallel rivers to transport water northward. Also, Hongze Lake, Luoma Lake, Nansi
Lake, and Dongping Lake are used to transfer water, and the water is then distributed water
in two ways after leaving Dongping Lake. One way is to the north, to Tianjin. The other
way is to the east and economic south to Yantai and Weihai. Figure 1 is referenced from
Water quality and incentive coordination in water markets: The eastern route of China’s
South-North Water Transfer Project (Sheng et al., 2022).

The total length of the main water transfer line for the first phase of the South-North
Water Transfer East Project (SNWDP-ER) is 1466.50 km. That total is comprised of
735.70 km from the Yangtze River to Nansi Lake, 309.70 km from Nansi Lake to Dong-
ping Lake, 173.50 km north of the Yellow River, 239.80 km of the Jiao Dong water transfer
main line, and 7.90 km through the Yellow River section. The first phase of the SNWDP-
ER has been in operation since November 2013 and by 2020 had completed the transfer
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Fig.2 Flow chart of FCPM for MWTP

of 52.97 billion cubic meters (m>) of water to Shandong Province (Fig. 2). Water is trans-
ferred from the lower reaches of the Yangtze River to the Shandong Peninsula and northern
Lu, supplementing urban domestic, industrial, and environmental water use in Shandong,
Jiangsu, and Anhui along the water transfer route. Agriculture, shipping, and other water
use are also taken into account. On the basis of the full implementation of the East Line
pollution control unit project, the water quality of the main water conveyance lines in the
planned level year basically reaches the Class III standard for surface water.

2.2 Methods

The FCPM is a model based on economic theory. At present, the global consensus is that
full-cost water prices can highlight the commodity property of water resources (Ortega
et al., 2005). Full-cost prices reflect the capital cost, operating cost, and environmental
cost of water, rather than only considering the direct cost of water resources, construction,
and maintenance of its development and utilization project. Full-cost prices also take into
account the hidden costs of water environment governance and protection, which can better
reflect the value of water resources (Bhojwani et al., 2019).

The FCPM is based on all the costs incurred during the social cycle of water resources
(Reznik et al., 2016). This cycle includes the whole process of water resource extraction,
purification treatment, distribution, transportation, utilization, etc. The sum of all costs in
this process is the full cost, also known as the social cost. This is the real cost paid by the
whole of society for the utilization of water resources.

From the perspective of economics, the FCPM consists of three parts: opportunity cost,
internal cost, and external cost.

The quantity and quality of water are the key factors affecting the pricing of water rights in
MWTP. In terms of the WRTP of MWTP that is based on water quantity, this mainly includes
three parts: project cost, resource cost, and ecological compensation (Bhojwani et al., 2019).
Among the three components, project cost mainly refers to the investment in the construction,
operation, and maintenance of water conservancy projects. These factors represent is the inter-
nal cost of water resources (Bjornlund & Mckay, 2002). The resource cost refers to the value
of the actual water resources, because the water provider can use this element of the water
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resources to achieve income. This is also known as the opportunity cost of water resources.
Ecological compensation mainly refers to the environmental value of water resources, which
can also be called the external cost of alternative compensation. In terms of the WRTP of
MWTP that is based on water quality, the water quality is also obviously an important reflec-
tion of the value of water resources. This factor also belongs to the opportunity cost of water
resources.

In addition, considering the rationality of the WRTP of MWTP, it is necessary to analyze
the water prices’ affordability in water-receiving areas.

The specific method flow is shown in Fig. 2.

2.2.1 Hypothesis

It is one of the basic theorems of the market economy that supply and demand determine
price. Importantly, however, water rights are different from general commodities. The primary
principle of water rights trading is to maintain social and economic development. In order to
eliminate the influence of supply and demand factors on the model, simplify the model, and
reflect the essential problems of the model, Hypothesis 1 is proposed.

Hypothesis 1 Let the pricing of transactions be independent of market supply and demand
factors and with the objective of maximizing overall social welfare.

The transaction of water rights in MWTP is usually dominated by the government, and that
same government has almost no transaction problems. In order to define the research object of
this paper and provide conditions for the calculation and the WRTP in MWTP, Hypothesis 2
is proposed.

Hypothesis 2 The buyers and sellers of water rights belong to different government
administrations, and there are MWTP in the two regions to meet the water transfer needs of
water conservancy transactions.

2.2.2 FCPM for the MWTP

2.2.2.1 The model for the WRTP under water quantity constraints

(1) Project cost
(2) Project construction investment

The construction cycle of MWTP is long and costly in terms of the drain on human, finan-
cial, and material resources. The time and capital costs should be taken into account when
developing a WRTP to more accurately reflect the engineering construction investment in
MWTP (Bjornlund & Mckay, 2002). Assuming that the moment the project is put into opera-
tion is the starting point of capital recovery time, according to the capital recovery formula,
one can calculate the annual value of capital recovery for the equivalent amount of project
construction investment A, as follows:

i1+

A+ —1 M
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where the depreciation period of the project is ¢, the annual interest rate of the loan is i,
and the present value of the project investment funds, discounted to the moment the project
is put into operation is PV.

(@ Project operation and maintenance costs

In the water transfer process, the main works and treatment works that support the
smooth running of the MWTP need to be repaired and maintained in a timely man-
ner. Therefore, a certain percentage of the total costs are spent each year to ensure the
smooth operation of the projects (Liu, 2014). The annual value of the equivalent capital
recovery from the construction investment and the operation and maintenance costs of
the project is converted into a unit WRTP based on the investment in the project, as
follows:

A+ 0P
PP = Q (2)

where the annual operation and maintenance cost of the MWTP is OP, and the annual
quantity of water transferred by the project involved in the water rights transaction is Q.

(B) Resource cost

The resource cost reflects the value of the water resource itself, which is transferred and
better reflected in the transfer of the water source to the water-receiving areas. Since the
water resources of the water-source areas are transferred to the water-receiving areas, the
water resources available in the water-source areas will be correspondingly reduced. The
water resource fee collected by the water-source area’s government from the local residents
will also be correspondingly reduced. Therefore, the water-receiving areas should bear part
of the water resource fee Py, that is lost by the water source government due to the water
transfer.

(C) Ecological compensation

MWTP transfers water resources from the water-source areas to the water-receiving
areas, while this alleviates the tension of water scarcity and water difficulties in the water-
receiving areas; the transfer can also have certain impacts on the production, life, and ecol-
ogy of the water-source areas (Sheng et al., 2022). Therefore, ecological compensation
should be included in the pricing methodology when calculating the WRTP for MWTP to
more truly reflect the value of the transfer.

The ecological compensation fee is calculated using the method widely recognized by
the academic community, namely the ecosystem service value method (Gao et al., 2021).
The specific evaluation indicators are shown in Table 1. The value of the ecosystem ser-
vices of water resources is comprised of the utility of four functions (Leemans & Groot,
2003), and the formula is calculated as follows:

where V is the total value of the ecosystem services of water resources, and V;,V,, V;, V,
are the supply function, regulating function, cultural function, and ecological function,
respectively.
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Table 1 Classification of the value of ecosystem services in the water-source areas

Level 1 indicators ~ Secondary indicators Assessment indicators Assessment methods
Supply function Food supply Fishery products output Market value method
Regulating function ~Atmosphere regulation Surface chlorophyll a Reforestation cost method
concentration
Water containment Storage capacity Shadow engineering method
Cultural function Research and education ~ The cultural value of water Outcome parameter
research approach
Leisure and Tourism Revenue from tourism Expense-based approach

Ecological function Biodiversity conservation Value of water biodiversity Outcome parameter
conservation services approach

(D Measurement of the value of the supply function

The value of the supplied water resources is mainly reflected in the food supply,
while fisheries depend on water resources for survival and development. These factors
which can better reflect the supply function of water resources. This study choose the
market value method to measure the output value of fishery products, which is used as a
proxy variable for the value of the supply function V.

@ Measurement of the value of the regulating function

Water resources are an important part of ecosystems and play an role in carbon
sequestration and oxygen release (Ahmed et al., 2021), as well as a regulating role in
climate and gases. This study considers the regulating function of water resources in
terms of both atmospheric regulation and water containment, which can be calculated
as follows:

Vo=Vy +Vy 4)

{ V1 = W, - PPem(Pc + 2.666Po)

1 n 5
V=V -2, c;(1+x;) ©)
where V,, is the value of atmospheric regulation; V,, is the value of water containment;
W, is the watershed area; PPem is phytoplankton primary productivity; Pc is the carbon
sequestration costs; Po is the oxygen release costs; V; is the quantity of water contained in
year i; c; is the average price of building 1m? of reservoir capacity in year i; and x; is the
price growth factor in year i.

® Measurement of the value of the cultural function

On the one hand, ecosystems can provide materials and experimental sites for many
scientific types of research and have a high education value. This is an important part
of the service value of the cultural function of ecosystems. On the other hand, with the
improvement in the society’s living standards, leisure tourism has become something
of a norm in daily life. Thus, the value of the leisure tourism function service to the
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ecosystem cannot be ignored (Chen et al., 2021). Accordingly, integrating the cultural
functions of water resources in terms of research, education, leisure, and tourism can be
calculated as follows:

Vi=V3 + Vs (6)
V3l = WaSV
{ Vi =1.6p @

where V; is the value of the cultural function; V5 is the value of science and education; V3,
is the value of leisure tourism; Sy, is the average cultural and scientific research value per
unit area of wetland; I, is the total tourism revenue of the water source; 6 is the propor-
tion of people visiting the natural landscape; and p is the proportion of water bodies in the
landscape.

® Measurement of the value of the ecological function

Ecosystems provide habitats for a wide range of organisms and protect species diversity,
and this paper uses outcome parameters to measure the value of the supporting function
(Xie et al., 2003), as follows:

Vy=CW, (8)

where V, is the value of the ecological function; C is the value of biodiversity per unit area
of water; and W, is the area of aquatic ecosystems.

(® Determination of ecological compensation standards

China’s MWTP have reduced the country’s water resources and caused certain losses
to the ecological environments of the water-source areas. However, considering the actual
situation of the water-source and water-receiving areas, the total value of ecosystem ser-
vices of the water sources calculated according to the above steps needs to be adjusted to
more reasonably determine the amount of compensation from the water-receiving areas
(Johst et al., 2002). On this basis, the value of ecosystem services to be compensated by the
water-receiving areas is calculated as shown below:

) S
Vi=V.k-= )

S
where V' is the value of ecosystem services for which the water-source areas should be
compensated by the water-receiving areas; V is the total value of the ecosystem service
function of the water source; k is the conversion coefficient of ecological value; S’ is the
amount of water transferred out of the water source; and S is the total multi-year average

water resources of the water source.

® Determination of ecological compensation payments
In order to make up for the shortcomings of the ecological trading market and to make

the value of ecological services more acceptable to the public in the water-receiving areas,
this paper combines Pearl’s growth curve with the level of social development and the
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living standard of people in the water-receiving areas of the MWTP. This approach is taken
to estimate the value of ecological services based on the actual price people pay for a cer-
tain ecological function. On this basis, the ecological compensation per unit of water trans-
fer for MWTP under the water quantity constraint was further calculated using the ecologi-
cal development factor, as follows:

1

AESV =V .
1+et (10)
1 AESV
p=-.2="
=370 (1n

where P_ is the ecological compensation per unit of water transferred from an MWTP under
the water quantity constraint; AESV is the amount of ecological compensation that should
be paid to the water source by the water-receiving areas of the MWTP; V' is the value of
ecosystem services to be compensated by the water-receiving areas; ¢ is the stage of socio-
economic development; and Q is the annual quantity of water traded by the MWTP.

Based on the above steps, the project cost, resource cost, and ecological compensation
for MWTP can be derived. Taking into account the difference in the level of economic
development and water scarcity between the water-source and water-receiving areas, as
well as the strategic and welfare nature of the MWTP, an adjustment factor for the level
of economic development and the scarcity of water resources is introduced. The aim is to
adjust the resource cost and the ecological compensation by adjusting the WRTP under the
water quantity constraint to a reasonable price range that the water-receiving areas are will-
ing to pay. The calculation is as follows:

My, =P, +uy(P, +P,) (12)

where M, is the price per unit of water transfer for the MWTP under the water quantity
constraint in yuan/m?; P, is the project investment per unit of water transfer; P,, is the
water resource fee per unit of water transfer; P, is the ecological compensation per unit of
water transfer; y is the ratio of per capita disposable income between the transferee and the
transferor’s region; and y is the adjustment coefficient of water scarcity.

2.2.2.2 The model for the WRTP under water quality constraints MWTP have a long dura-
tion and development history, and water quality plays a crucial role in the WRTP. By sum-
marizing current water quality evaluation methods (Amiri et al., 2014; Ezugwu et al., 2019;
Mukate et al., 2019; Pamei et al., 2022), an integrated water quality index was used to
evaluate the water quality of the water-source area. In addition, the introduction of an expert
scoring method to determine the weights of water quality parameters has improved the inte-
grated water quality index, calculated as follows:

n

of
P = Z iC, =G, (13)

Jj=1

where P, is the comprehensive pollution index of the water quality of section k of the water
intake in the water-source area; w; is the weight of the jth pollutant; C; is the measured con-
centration of the jth pollutant; C is the evaluation standard value of the jth pollutant; C,
is the unified maximum allowable index of various pollutants in surface water; and n is the
type of pollutants.
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Fig. 3 Principles for WRTP based on water quantity and quality

The price per unit of water quality traded can be calculated from the combined water qual-
ity pollution index, as follows:

Yo A Yol
S se J J
My = (P} = P")Cp = Z ol Ck_z—c_ G )Cra (14)
=1 Coi =1 o

where M, is the unit transfer price of an MWTP under the water quality constraint; P}’
is the comprehensive pollution index required to be achieved by the water-source areas k
cross section; Pf” is the comprehensive pollution index of the water quality of the water
source diversion in the water-source areas; and Cy, is the unit cost invested in maintaining
water quality.

In Eq. (14), when P‘]i’ < Pz“”, the transferor of the water rights in the water-source areas
has not taken effective measures to control the water quality or the water quality control is not
sufficient to achieve the water transfer quality negotiated by both parties of the water rights
transaction. At this time, the water rights transferee in the water-receiving areas does not need
to pay the water quality fee, so M, = 0.

2.2.2.3 The model for the WRTP under the constraints of water quantity and quality The pro-
cess of trading water rights can ultimately fail if the quantity or quality of water transferred
differ significantly from the standards negotiated between the parties (Grafton et al., 2012).
Therefore, within a certain range acceptable to the transferee of the water rights, when the water
quantity and water quality meet the standards, the water-receiving areas shall reward the water-
source areas (Fig. 3). However, when the water quality or quantity does not meet the standard,
the water-source areas shall compensate the water-receiving areas (Chen & Zhou, 2016).

On the basis of the unit transfer price under the water quantity and quality constraint, con-
sidering the price adjustment caused by the excess (difference) of water quantity and quality
during the execution of the water diversion task, as well as the impact of related taxes and sur-
charges, the comprehensive price of water diversion per unit of the MWTP under the double
constraints of water quantity and quality is finally obtained, as follows:

_ My + My, + AM

== h (15)

where M, is the comprehensive price per unit of water transfer for the MWTP under the
double constraint of water quantity and quality in yuan/m®; M, is the price per unit of
water transfer under the constraint of water quantity; M, is the price per unit of water
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transfer under the constraint of water quality; AM is the adjustment for over (difference)
units of the WRTP; and 7 is the taxes and surcharges.

2.3 Data sources

Due to differences in the years available for which various types of statistical data were
available, data for 2020 were chosen for the calculation of the WRTP for the first phase of
the SNWDP-ER. Project cost data were taken from the China South-to-North Water Diver-
sion Project—Economic and Financial Volume (CCO of SNWDP, 2018). Resource cost
is based on the maximization of social welfare and is selected as the lowest value in the
Notice on Issues Relating to the Levy of Water Resource Fee, jointly issued by the National
Development and Reform Commission and other departments of China. Ecological value
conversion factors, research and education data, and biodiversity values were calculated
using the results-based reference method. Regulation function and water quality data were
obtained from the China National Environmental Monitoring Centre (www.cnemc.cn) and
the Environmental Quality Standard for Surface Water (GB3838-2002). Murray Darling
Basin water rights trading prices were obtained from the Australian Bureau of Agricultural
and Resource Economics and Sciences (https: //www.agriculture.gov.au/abares/publicatio
ns/weekly_update/weekly-update-250719#national- climate-outlook). The multi-year aver-
age statistics for water rights trading prices in the western USA were taken from Water
Strategist Monthly (the data are available at http://www.bren.ucsb.edu/news/water_trans
fers.htm). Other data were obtained provincial and municipal statistical yearbooks, water
resources bulletins, and the China Water Network (https://www.h20-china.com). In the
data collection section, EXCEL software was used to collate the data. In the data calcula-
tion part, MATLAB software was used to calculate and process Eqs. (1) to (15), which
were involved in the FCPM.

3 Results

3.1 WRTP measurement under water quantity constraints

(1) Project cost

The static investment amount of the first phase of the SNWDP-ER was 38.3 billion
yuan, which consisted of 45% loan and 55% capital. The stipulation was made that 20%
of the project cost needs to be repaid by water charges, and the average depreciable life is
32.125a. The equivalent annuity of the project is calculated as 598.74 million yuan.

The annual operation and maintenance cost of the first phase of the SNWDP-ER is 500
million yuan, and the project investment for the transfer of Yangtze water from the water
source in Jiangsu to the territory of Shandong is apportioned in proportion to the mileage
of the transfer project. According to Eq. (2), the unit project investment cost for transfer-
ring water from the Yangtze River to Nansi Lake was 0.82 yuan/m®, the unit investment
cost for transferring water to Datun Reservoir in Dezhou was 1.36 yuan /m?, and the unit
investment cost for transferring water to Weihai in the Jiaodong region was 1.43 yuan /
m’. In summary, the average unit project investment cost for the transfer of water from the
Yangtze River to the territory of Shandong Province was 1.20 yuan /m?.
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Table 2 Value of carbon sequestration and oxygen release services in the water-source areas

Yangzhou Huaian Suqgian Xuzhou

Primary productivity of aquatic phytoplankton(mg C/(m*d)) 844.26 519.77 54394 637.14

Quantity of carbon sequestered and oxygen released (7) 1503.94 1503.69 1195.58 625.03

Service value of carbon sequestration and oxygen release($ 199.62 199.58 158.69 82.96
million)

Watershed area as a proportion of land area (%) 25.53 31.17 27.37 8.34

Service value of carbon sequestration and oxygen release ($ 50.96 62.21 43.43 6.92
million)

(B) Resource cost

According to the requirements of the National Development and Reform Commis-
sion and other relevant departments, the minimum standard surface water resource fee
in Jiangsu Province should be 0.20 yuan/m®. As the SNWDP-ER is a public welfare and
strategic project, this study takes the water resource cost Py, as 0.2 yuan/m® based on the
nature of the SNWDP-ER.

(C) Ecological compensation
(D) Supply function

The market value method was used to measure the supply function value of ecological
compensation in water-source areas. In 2020, the total water resources of Yangzhou, Hua-
ian, Sugian, and Xuzhou in Jiangsu Province were 2.851 billion m?>, 4.876 billion m>, 4.152
billion m?, and 4.749 billion m?, respectively. The total fishery output value of the four
cities was 18.91 billion yuan, 10.160 billion yuan, 10.870 billion yuan, and 10.44 billion
yuan, respectively. In that same year, Jiangsu Province transferred 674 million m® of water
to Shandong Province, according to which the service value of Jiangsu Province’s water
source ecosystem in the supply function can be obtained as 2.042 billion yuan.

@ Regulating function
a. Value of atmospheric regulation

The water-source areas of Yangzhou, Huaian, Suqgian, and Xuzhou in 2020 were
1787.37 km?, 2893.00 km?, 2198.00 km?, and 981.00 km?, respectively, and the primary
productivity of phytoplankton in the waters was 18.00 mg/m®, 8.60 mg/m?, 9.30 mg/m?,
and 12.00 mg/m?, respectively. According to Formula (5), the quantity and service value of
carbon sequestration and oxygen release in the water ecosystems of the four water source
cities are calculated, as shown in Table 2.

The service value of the atmospheric regulation of the water-source areas ecosystems
in Jiangsu Province is calculated to be 1.64 million yuan. Of that table, the service value
of climate regulation of the water-source areas’ ecosystems from carbon sequestration was
0.32 million yuan, and the service value of oxygen release from water-source areas was
1.13 million yuan.

b. Value of water containment
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Table 3 Value of water conservation services in the water-source areas

Yangzhou Huaian Sugian Xuzhou
Average water storage (billion m?) 9.87 23.52 29.78 6.94
Value of water containment (billion yuan) 8.86 21.13 26.76 6.24
Watershed area as a proportion of land area (%) 26.00 31.00 27.00 8.30
Value of water containment in the water-source 2.30 6.55 7.23 0.52

areas (billion yuan)

In 2020, the average water storage in the Jiangsu Province cities of Yangzhou, Hua-
ian, Suqian, and Xuzhou cities of Jiangsu Province was 987 million m?>, 2,352 million
m?>, 2,978 million m>, and 694 million m°, respectively. According to Formula (5), the
value of water containment in Yangzhou, Huaian, Suqian, and Xuzhou was 886 million
yuan, 2,113 million yuan, 2,676 million yuan, and 624 million yuan, respectively. Tak-
ing the proportion of the watershed area of the four cities to the land area as the adjust-
ment coefficient, the value of the water containment in 2020 was 1.66 billion yuan, as
shown in Table 3.

® Cultural function
a. Value of research education

The average scientific research value per unit area of wetlands in China was 382
yuan/hm?, and the global wetland ecosystem scientific research value in 2020 was 881
US dollars/hm? (Costanza et al., 1997). Using the outcome parameter method, the aver-
age value of 3229.30 yuan/hm? was taken as the research value of the water ecosystem.
Based on the watershed areas in Yangzhou, Huaian, Suqgian, and Xuzhou, the research
education value is calculated to be 543 million yuan, 1009 million yuan, 753 million
yuan, and 317 million yuan, respectively. Therefore, the research and education value in
Jiangsu Province was 2622 million yuan.

b. Value of leisure and tourism

Using the cost expenditure method, the value of leisure and tourism services in the
water-source areas was calculated to be 11,201 million yuan according to Eq. (7) and as
shown in Table 4.

In summary, the cultural function value of water-source areas in Jiangsu Province in
2020 was 13.82 billion yuan.

c. Ecological function

The value of biodiversity per unit area of water in China was 0.22 yuan/m® (Xie et al.,
2003). According to the water-source areas of Yangzhou, Huaian, Sugian, and Xuzhou,
combined with Formula (8), it is calculated that the biodiversity value of water-source

areas in Jiangsu Province was 1.79 billion yuan.

® Total value of ecosystem services
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Table 4 Value of leisure and tourism in the water-source areas

Yangzhou Huaian Suqian Xuzhou

Tourism revenue (billion yuan) 608.41 266.04 146.60 322.18
The proportion of people visiting natural landscapes (%) 38.89 47.62 33.33 50.00
The proportion of water bodies to landscape (%) 95.24 80.00 85.71 80.00
Value of city-wide leisure tourism (billion yuan) 225.34 101.35 41.86 128.87
Watershed area as a proportion of land area (%) 26.00 31.00 27.00 8.30
Value of leisure and tourism in water-source areas ($ billion) 58.59 31.42 11.30 10.70

Table 5 Value of ecosystem services in the water source area

Value of ecosystem services (million Yangzhou Huaian Sugian Xuzhou Total
yuan)

Main indicators ~ Secondary indi-

cators
Supply function  Food supply 76,649.87 41,182.58  44,060.50 42,317.54  204,210.50
Regulating func-  Atmosphere 51.72 61.94 42.97 6.89 163.52
tion regulation
Water contain- 23,036.00 65,503.00 72,252.00 5179.20  165,970.20
ment
Cultural function Research and 54,349.20 100,948.06 75,339.68 31,679.48  262,316.42
education
Leisure and 585,962.00 314,185.00 113,022.00 106,962.10 1,120,131.10
Tourism
Ecological func-  Biodiversity 37,026.00 68,772.00 51,326.00 21,582.00 178,706.00
tions conservation
Total 777,074.79 590,652.58 356,043.15 207,727.21 1,931,497.74

According to the above calculations, the total value of ecosystem services for water-
source area in Jiangsu Province was 19.32 billion yuan, with specific data for each cat-
egory shown in Table 5.

® Determination of ecological compensation

According to Eq. (9), the value of ecosystem services to be compensated to the
water-source areas in the Shandong Province is 154 million yuan. The Engel coefficient
of Shandong Province in 2020 was 26.52%, and according to Formula (10), the eco-
logical value development coefficient can be calculated as 0.6837, and the amount of
ecological compensation payable to water-source areas is 105 million yuan, according
to Formula (11). Then, the ecological compensation amount per unit of water transfer in
2020 can be obtained as 0.08 yuan/m>.

(D) WRTP under water quantity constraints.
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Table 6 Standard and measured data at Sanjiang Camp

Unit reference ranges Mean Measured data Weight
PH - 6~9 8.21 7.78 0.185
Dissolved oxygen mg/L > 5(III class) 8 10.65 0.236
Permanganate index mg/L <6(I1I class) 3 3.43 0.206
Ammonia nitrogen mg/L < 1(III class) 0.325 0.304 0.191
Total phosphorus mg/L <0.2(III class) 0.07 0.09 0.074
Total nitrogen mg/L < 1(III class) 1.42 2.04 0.108

According to the above analysis, the average price per unit of water transfer when calcu-
lated based on the project cost is 1.20 yuan/m>. The price per unit of water transfer, when
calculated based on the resource cost, is 0.2 yuan/m®. The price per unit of water transfer,
when calculated based on the ecological compensation, is 0.08 yuan/m®. Considering dif-
ferent levels of economic development between Jiangsu and Shandong Province, and the
scarcity of water resources, the ratio of per capita disposable income between Shandong
Province and Jiangsu Province is 76%, so u is taken as 0.76. Most of Shandong Province is
comprised of semi-humid areas, so y is taken as 1.0. According to Formula (12), the unit
WRTP under the constraint of water quantity is 1.41 yuan/m>.

3.2 WRTP measurement under water quality constraints

The first phase of the SNWDP-ER in 2020 will mainly divert water from Sanjiangying in
the Yangtze River section of Yangzhou City to the territory of Shandong Province. In this
study, PH, dissolved oxygen, permanganate index, ammonia nitrogen, total phosphorus,
and total nitrogen are used as indicators for water quality evaluation in this study (Sharma
et al., 2022). The standard and measured data for the relevant indicators in the Sanjiangy-
ing section are shown in Table 6.

As can be seen from Table 6, the weighting of the six water quality parameters
from highest to lowest is: dissolved oxygen>permanganate index>ammonia nitro-
gen > PH > total phosphorus > total nitrogen. This finding indicates that dissolved oxygen
has the greatest impact on water quality, while total nitrogen has the least impact on water
quality.

Water of Class III and above can be used for domestic consumption after artificial treat-
ment and can basically meet the of human production and life needs. Therefore, Class III
water is chosen as the standard for water quality evaluation. The safe PH range of water
for the growth of water fish is from 6to 9. As can be seen from Table 6, the average PH
value of the study section in 2020 was 8.21, which means the water was conducive to the
reproduction and growth of fish. A higher dissolved oxygen content in the water body indi-
cates better water quality, and the mean value of the dissolved oxygen content standard is
8.0 mg/L. This level exceeds the content standard of Class III water. The mean value of
permanganate index is 3 mg/L, which is already in line with the standard for Class II water.
The mean values for ammonia nitrogen and total phosphorus are both within the standard
for Class III water, but the total nitrogen content was significantly higher than the stand-
ard for Class III water. Excess nitrogen may lead to eutrophication of the water body and
reduce water quality.
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According to Formula (13), the calculation value of 0.327 can be obtained from the
integrated water quality index. The average value of the integrated water quality index of
thell provinces and cities along the Yangtze River was 0.359, the same as the integrated
water quality index to be achieved in Jiangsu Province. The integrated water quality index
of water source areas in Jiangsu Province was lower than the integrated water quality
index of water quality in the Yangtze River, indicating that Jiangsu Province attaches great
importance to the quality of transferred water.

The watershed area of Jiangsu Province is 101600km? and the water source area
is 8123km?. In this paper, the proportion of water source land to the watershed area in
Jiangsu Province is used to determine the environmental protection cost-shared for three
years. The capital invested in the improvement in the water environment in Jiangsu Prov-
ince was 175.4 billion yuan, and this study calculates that the cost of environmental pro-
tection shared is 14.023 billion yuan. The three-year water transfer quantity in Jiangsu
Province, from 2018 to 2020, was 844 million m®, 703 million m®, and 674 million m’,
respectively. From this, it was concluded that the unit cost of maintaining water quality in
the water source is 6.31 yuan/m°. Finally, according to Formula (14), one can be calculated
that the transaction price of water rights under water quality constraints is 0.13 yuan/m®.

3.3 WRTP measurement under the dual constraints of water quantity and quality

Based on the above combination, the unit transfer price under the water quantity constraint
is 1.41 yuan/m?, and the unit transfer price under the water quality constraint is 0.13 yuan/
m®. Since Shandong and Jiangsu Province have not adjusted the WRTP so that the price
is based on the compliance with regard to water quantity and water quality, this paper sets
the excess (difference) price adjustment as O yuan. Thence, the comprehensive price of
unit water transfer without considering taxes and surcharges can be obtained as 1.54 yuan/
m?. Taxes and surcharges should be included in the water price during the operation period
of the SNWDP-ER; their combined tax rate is 5.5% (CCO of SNWDP, 2018). Therefore,
based on the considerations of taxes and surcharges, the comprehensive price per unit of
water transfer for the Shandong section of the SNWDP-ER was finally determined to be
1.63 yuan/m? according to Eq. (15).

4 Discussion

(1) The actual WRTP of the first phase of the SNWDP-ER is too low to cover the cor-
responding cost.

According to the calculations of this study, the WRTP for the MWTP after considering
tax is 1.63 yuan /m>. However, the current average water transfer price in the Shandong
section of the first phase of the SNWDP-ER is 1.25 yuan /m?, which is far lower than the
WRTP of major projects under the FCPM. These finding indicate that the water price cost
is inverted. The low water supply price of water conservancy projects objectively leads to
the unreasonable phenomenon of “the more water you use, the higher the return.” The low
price not only lacks the power mechanism needed to save water, but also easily leads to the
excessive consumption of resources, resulting in the phenomenon of “the tragedy of the
Commons.”
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(B) The WRTP based on full cost is within the affordable range of residents.

The ability of water users to pay is an important factor that must be considered in the
formulation of urban water prices. In urban areas, the water consumption of urban resi-
dents is relatively stable. Studying the affordability of water prices for urban residents is an
important basis upon which to demonstrate whether the water price policy is feasible. Due
to the unbalanced level of economic development among cities in water-receiving areas, in
order to maximize the water affordability of all urban residents in water-receiving areas to
match their income, the minimum per capita water charge expenditure (Zaozhuang, 97.33
yuan) and the largest per capita disposable income (Qingdao, 64,889 yuan) can be used as
the affordability coefficient of urban domestic water price. In addition, the minimum per
capita disposable income (Dezhou, 29,594 yuan) and the largest annual per capita water
consumption (Dongying, 65.53 m?) in the water-receiving areas of Shandong Province can
be calculated as 6.77 yuan/m?>. This is much higher than the appropriate price of 1.63 yuan
per m>. Therefore, the price of water in the WRTP, based on the FCPM, is completely
within the range of affordability for water users.

(C) Learn from the advanced experience of water market in developed countries, and pro-
vide a reference for the WRTP in developing countries.

The USA and Australia have rich experience in using market mechanisms to allocate
water resources. Their water rights transactions are not only much higher than other coun-
tries in terms of quantity, but also highly efficient in function (Ghosh, 2019; Grafton et al.,
2012). By comparing the transaction prices of water rights for major projects with those
in the Murray Darling Basin of Australia, the western region of the USA, and China, one
can see that the major engineering water rights trading price (1.63 yuan/m®)>the west-
ern region of the US water rights trading price (1.59 yuan/m?) > the Murray Darling Basin
water rights trading price of Australia water rights trading price (1.30 yuan/m®)> the China
water rights trading price (1.23 yuan/m®)." Two interesting phenomena can be found. First,
the transaction price of major water rights transaction price is the highest, which may be
caused by the high proportion of engineering cost (77.92%). Second, the trading price of
regional water rights in China is the lowest. In fact, the water price of 1.23 yuan /m?> is
much lower than that of residential and industrial water in various regions. Although dif-
ferent from China’s national conditions and stages of development, the water rights market
in the USA and Australia is worth learning from in terms of how to establish appropriate
water rights trading systems (Easton & Pinder, 2022). Therefore, considering the quantity
and quality of the WRTP, the trading price accounting method is generally feasible.

(D) The idea of taking the FCPM benchmark proposed in this paper is based on the back-
ground of the whole coordinated and sustainable development of the basin, and it also
takes into account both fairness and efficiency.

Through the case study of the first phase of the East Route of the South-to-North
Water Diversion project, the FCPM based on water quantity and quality is preliminarily
established. In addition, the specific cost items included in each link of the WRTP of the

! Translated at the average exchange rate of USD to RMB in 2020.
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major project and the corresponding basic accounting method are given. Making up for
the extra development opportunity cost paid by the water source in the water rights trad-
ing and pricing process of major projects is not only meant to compensate and appease
the water source. Doing so also eliminates the opportunity cost between generations. In
the initial stage of a water market, the full cost pricing method of "external cost + inter-
nal cost+ opportunity cost" is easier for both parties to reach an agree upon the method
also has good practical feasibility.

(E) The WRTP for major projects is helpful to promote water market reform and one such
reform to help users pay.

Under the full-cost water rights trading model for major projects, water users will
pay all the explicit and implicit costs of water use, forming a user payment mechanism.
While promoting water conservation and water fairness, a “water money is used for
water” situation is realized, and the boundary of fund management becomes clearer.
Second, this helps to improve the competition mechanism of the water market. FCPM
accounting makes it possible for the user to pay. Adopting this method will form a sta-
ble and reliable investment return mechanism foundation for the marketization of water
rights trading for major projects. Then, professional water utilities will be attracted to
participate in water services through the market competition mechanism, and the effi-
ciency of operation and management will thus be improved. Third, FCPM will help
reduce the pressure of financial payment. In the past, major water conservancy projects
and other investment and construction projects have only had financial input as a source
of capital, and they lacked performance evaluations. However, under the FCPM, the
investment return can be obtained year by year through the recovery of water fees, effec-
tively reducing the pressure and risk associated with government financial expenditure.

An MWTP is a long-term and complex project, and the WRTP method is not set in
stone. This paper has made certain achievements based on previous research, but has
only studied the method for WRTP in the Shandong section of the first phase of the
SNWDP-ER. The pricing method in the Hebei and Tianjin sections, as well as the pric-
ing model and pricing process for water rights trading, has not been analyzed. In future
research, the application of pricing methods for water rights trading in the Hebei and
Tianjin sections of MWTP should be explored in depth, and the influence of market
supply and demand on the bargaining of water rights trading should also be consid-
ered (Di et al., 2020). On this basis, combined with modern technical methods such as
machine learning, the dynamic analysis of the method of the WRTP is carried out. Fur-
thermore, the pricing model and pricing process in the water rights transaction system
of MWTP are further studied.

5 Conclusions

Focusing on the issue of WRTP for MWTP, this paper innovatively introduces water
quality factors into the water rights transaction pricing model, based on the FCPM. Also,
research is conducted on WRTP from the perspective of combining water quantity and
water quality. The rationality of the pricing method of water rights transactions for MWTP
is illustrated through the case study of the SNWDP-ER. The specific results are as follows:
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(1) The average comprehensive water transfer price of the first phase of the South-to-North
Water Diversion project to Shandong Province in 2020 was 1.63 yuan/m®, and that
price is within the affordable range of residents. This result indicates that the water
rights trading pricing method adopted in this paper for major water diversion projects
is reasonable.

(2) The average unit water transfer price under the water quantity constraint was 1.41 yuan/
m?. The average cost of unit project investment was 1.20 yuan/m>, the water resource
fee was 0.2 yuan/m®, and the ecological compensation of water source was 0.08 yuan/
m’.

(3) The unit water transfer price under the water quality constraint calculated in this study
is 0.13 yuan/m>, accounting for 8.44% of the water rights transaction price. This finding
reflects that some water rights transactions do not fully consider the quality of water
resources when setting prices, resulting in a low transaction price and damaging the
interests of the water rights transferor.

(4) An adjusted unit transfer price, based on taxes and surcharges, of 0.09 yuan/m?, further
validates the time cost.
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