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Abstract

The South-to-North Water Transfer Project (SNWTP) in China which is the world’s largest water transfer project
completed in 2014 is promoted as a strategy to mitigate water stresses in the northern China by the Chinese
government and engineers. However, the ecological compensation of SNWTP in China has been slow and less
for the people living in the water source area which was lost their opportunities to earn money; some had even
lost their farmland. A key issue for SNWTP is to establish an eco-compensation system, define the compensation
scheme, and make an effective economic compensation to the people living in the water source area. In this
paper, we take the water source area of the Middle-Route project of SNWTP located in Southern Shaanxi
including three cities called Hanzhong, Ankang and Shangluo as the research regions. Six factors are taken into
consideration: (1) ecological losses, (2) economic losses and (3) ecological bonus in our eco-compensation
strategy, as well as join two dynamic factors accounting in the calculation of ecological damage, (4) water
quantity and (5) water quality. Besides, the total amount of compensation is changing over time. (6) Time scale
factor is also used to simulate. In the article, we set three-time periods to calculate the different amount of
compensation for the water source area. Finally, the Southern Shaanxi, supplied 70% water to Danjiangkou
Reservoir, were analyzed by this model. We make full use of the reasonable eco-compensation strategy and try to
solve actual problems of water source area and even provide a basis conception for the watershed protection and
management.
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1. Introduction

Water scarcity relative to human use has been acknowledged as one of the major problems facing humanity in
the 21st century(Cooley et al., 2014). Access to clean water is fundamental to sustainable development, in order
to effectively overcome water shortages resulting from the uneven distribution of water resources and water
demand (Sun et al., 2017). Many developing countries are utilized inter-basin water transfer projects, transferring
water from water-rich areas to water-poor areas using inter-basin water transfers (Wilson et al., 2017). As water
is a finite nature resource, has also considered as an intrinsically contested resource(Zwarteveen & Boelens,
2014), these projects may also create water conflicts between water source areas and receiving areas. The
South-to-North Water Transfer Project (SNWTP) in China is also no exception. As one of the most important
inter-basin water transfer project implemented in the 21st century (Liu & Zheng, 2002), SNWTP was designed to
transfer water from southern China to northern China, aimed to support the sustainable social and economic
development (Feng et al., 2007; Chen et al., 2011). As we know, the water-rich Yangtze River has long been
regarded as a potential source for the arid northwest region of China and arid North China Plain (NCP) (Zhang,
2009). By transporting abundant water from Yangtze Basin to northern China, the historical dilemma of water
distribution unevenness in China would be solved.

With the construction and formal use of SNWTP, numerous and diverse environmental problems have been
arisen from the beginning. As we all know, China is under the centralized economic system, large-scale
engineering projects were mostly undertaken by the central government, while the benefits went to local
governments (Xiqing et al., 2002). However, the financial allocation by the Central Government cannot make up
solved the impacts from the project to these related areas. “How and who may benefit from such projects while
fleshing out the hidden inequalities in the distribution of benefits and impacts in both areas”(Doménech et al.,
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2013). A common consensus is that we should established an inter-basin ecological compensation mechanism,
but the disagreement at what and how ecological compensation mechanism would be “win-to-win”, making both
sides have been well accepted and easily implemented.

Currently, the world-wide payments for ecosystem services (PES) programs are not exactly suitable for China,
PES has been defined as “a transparent system for the additional provision of environmental services through
conditional payments to voluntary providers” (Tacconi, 2012). PES is always designed as an economic
instrument for environmental conservation (Ma et al., 2017), many successful cases have implemented around
the world, these programs promote the conservation of natural resources in the marketplace. Many Chinese
scholars tried use PES method to solve the problem in the SNWTP. Nevertheless, China’s current economic
system is a collective public ownership economy, which quite different from the developed country of western
countries. It is difficult to define the beneficiaries of the compensation and how to compensate them. Besides,
even though the theoretical foundations of PES were set several decades ago, the practical implementation of
these market-based instruments for managing natural resources has started rather recently. That means few
successful cases are available for our reference to minimize environmental risks, ensure social equity, and sustain
economic benefits (Wilson et al., 2017).

Proper scheme should be proposed to compensate the water source area reasonably to reduce the negative impact
on the water transfer project. With the conception of “Ecology is also a productive force” (said by Jingping Xi,
the present Chairman of China) is accepted by most people in China, we suggest establishing an ecological
compensation mechanism which is more reasonable accept between water source areas and water receiving areas.
Ballestero (2004) focus on the water transferable quantity and price provides a decision stochastic approach by
simulating the recipient’s demand curve and the donor’s supply curve for transferable water which would
encourage more sales of water rights by less efficient farmers, so that water being reallocated by the market
among more efficient users on the Tajo-Segura aqueduct in Spain. (Ballestero, 2004). This method is more
effective to balance the stakeholders between the water source areas and water receiving areas, but we also
should take the social impacts in it. In order to supplying the transfer water, reach the standard on quality and
quantity, Southern Shaanxi has been closing almost 400 companies, and planning to relocate 2.4 million
mountainous people in 10 years. So, the opportunity loss and human capital loss also should calculate in the
amount of eco-compensation. Jian Sun compared three methods: CCM, MVM and PAM, to determine the
payment standard for an inter-basin water transfer project (Sun et al., 2017), given a reference value allowing for
economic development in water receiving areas. However, in these methods have not considered the standard of
compensation in different stages.

2. Method

The Middle-Route of the SNWTP have transferred water from Hanjiang and Danjiang to the Danjiangkou
Reservoir, which are supplied to Hubei, Henan, and Hebei provinces, and ultimately to Beijing and Tianjin
(Webber et al., 2017). These two sources of water are flowing through Southern Shaanxi, which is one of the
largest tributaries in the middle reaches of the Yangtze River, contributing almost 70% water to Danjiangkou
Reservoir. “National main functional area planning” (2010) was taken Southern Shaanxi as the Qinba
biodiversity ecological function area and the water source areas of Middle-Route in SNWTP, has borne two
ecological functions which are the biodiversity and water conservation (Haihong, 2012). The Southern Shaanxi
is included three cities respectively, called Hanzhong, Ankang, Shangluo, were surrounded by mountains with
fragile ecological environment and backward industrial development situation. In addition, the construction of
water resources protected areas and ecological functional areas which set a higher threshold of an environmental
access system also limit local economic development.

Ecological environment and human existence are integral to Southern Shaanxi, and we must find the
breakthrough point between the development of the economy and the best combination of environmental
protection, In order to protect water quality; some local development opportunities have been sacrificed in
Southern Shaanxi, such as shutting down a large number of high polluting enterprises and establishing
hydropower stations around the protected areas, even restricting the company type due to the highest standards
for water source protection and environmental improvement. At the same time, much sewage and waste
treatment facilities have been constructed, and thousands of people even have to move away from the water
resource area to guarantee the water quality. A fact that cannot be ignored is that even in the developed areas at
Southern Shaanxi, also belong to the relatively backward areas. A clear gap appears when compared with the
Middle areas and the Northern areas. The latest data show that the population of Southern Shaanxi accounted for
22.2% of the Shaanxi province, but the realization of the GDP accounted for only 12.4%. This leads to a most
direct result, the outflow of labor.
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Establishing an eco-compensation mechanism is one of the efficient measures to solve the impacts produced by
SNWTP, which clearly define the contributor, and make effective economic compensation to the Southern
Shaanxi. The eco-compensation is included in the scope of compensation, which is the requirement to realize the
organic unity of water resources economic benefit, social benefit and ecological benefit. It is also the favorable
way to maintain the water ecosystem, protect the water resources, and coordinate the contradiction between the
protection of the water source and the development of water source itself for the purpose to maximize the
benefits from the water resources.

In summary, we analyze the current ecologic and economic status in Southern Shaanxi according to Damager
Pays Principle, User Pays Principle, and Beneficiary Pays Principle, and develop an inter-basin compensation
model by setting up the accounting framework and methodology, which is calculate the amount of ecological
compensations to include three main factors: ecological loss, economic loss and ecological bonus. The human
capital loss is taken as a part of ecologic loss. This requires a large number of planned compensations from
government taxation and other aspects, such as corporate subsidies, education, medical and other items. Besides,
ecological construction and conservation bring benefits not only for the water receiving area, but also for the
water source area. Ecological bonus is still an important factor cannot be ignored in the eco-compensation
evaluation. Using this model, the eco-compensation amount for Southern Shaanxi in the Middle-route project of
SNWTP is more efficiently, effectively and easily to be calculated and implemented.

Based on our eco-compensation mechanism, the basic principles of assessments are the ecological loss and
economic loss. According to Water Pollution Control & Soil and Water Conservation Program on the watershed
in The South Shaanxi, more financial expenditure is still needed to maintain water quality stability to meet
national standards before 2020, or even longer. As the industrial structure adjusts, the benefits caused by this
project will almost disappear by 2050 (Dong et al., 2011). We suggested to divide three stages from 2014 to 2050,
which considered the ecological restoration cycle in it. The first stage (from 2014 to 2020) which focuses on
adjust quantity and quality of the supplying water, in the second stage (from 2021 to 2030) we put attention on
the ecological conservation and local economic development. Finally, from 2031 to 2050 we called it
“Ecological restoration and benefit period”, the amount of eco-compensation will be only focus on the
transferable water. Additionally, the rural livelihood has arisen under the various ecological and environmental
protection projects and measures (Chen et al., 2013). The residents have required for social justice and economic
compensation to maintain sustainable livelihoods in water source areas.

3. Methodology

The Method section describes in detail how the study was conducted, including conceptual and operational
definitions of the variables used in the study, Different types of studies will rely on different methodologies;
however, a complete description of the methods used enables the reader to evaluate the appropriateness of your
methods and the reliability and the validity of your results, It also permits experienced investigators to replicate
the study, If your manuscript is an update of an ongoing or earlier study and the method has been published in
detail elsewhere, you may refer the reader to that source and simply give a brief synopsis of the method in this
section.

The South-to-North Water Transfer Project is different from the inter-basin water transfer in other countries. It
does not follow the law of market economy, it is more likely a product of China's unique economic system, with
obviously political characteristics. Therefore, the payment for ecological services (PES) policy
(Goldman-Benner et al., 2012) successful used for other countries is not entirely suitable for China. Additionally,
the quality of supplying water is affect greatly by the climate, natural disaster, water demand, and water pollution
in the river basin(Dong et al., 2011). All those factors make the annual water supply is not stable. Some scholars
calculate the amount of compensations from the perspective of water receiving area according to the quality of
water supply. This is only a partial solution, which cannot completely cover the water area residents’ sacrifices.
In addition, Southern Shaanxi is restricted in the development of high-polluting industries and required to
establish ecological reserves instead. This is not consistent with the market economy. In sum, the payment of
ecological services from the affected area is unstable, while expenditure in the water area is sustained. Therefore,
the eco-compensation should be calculated from the ecological loss and economic loss from the point of view of
the water source areas.

In our criteria model, we take the ecological bonus into consideration. The criteria for Eco-compensation can be
calculated as: the ecological loss plus economic loss in the water source area, minus ecological bonus:

Agc = F(LEG' Lgy, BEG)criteria model
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yields

— Lgg + Lgy — Bge (1)
Where, Axc represents the amount of eco-compensation, Lz is the ecological loss and L, is the economic loss,
respectively. Bg; means ecological bonus.

The SNWTP as a political decision-making resource allocation project, the eco-compensation accounting to
consider the trade-off between the politics and economy, ecological compensation accounting standards for the
water supply area as the starting point. For this reason, we must consider calculation the extra cost suffering by
the project for the water source areas, as the exactly amount of the eco-compensation from the water receiving
areas. The quality of transferable water as a dynamic factor used to measure compensation utility, the loss of
ecological resources, the industry opportunity loss and local benefits and other aspects also should be considered
in it. The proportion of the ecological compensation funds to each affected area are calculated by the actual
water capacity of the affected area and the local GDP.

3.1 Ecological Loss

The Ecological loss mainly contains two parts: water loss and farm land loss. The water can be seemed as
valuable products. In the transfer process, some areas have enlarged their benefits during with development, and
have deprived the local economic development opportunities for the water transfer areas. Water ecological
compensation to water resources for ecological products, water supply as a protector side, through the provision
of ecological products and transactions to obtain revenue. In order to ensure the quantity and quality of the
supplying water, to promote the sustainable development of water supply and ecological environment protection,
the water source area has made a lot of human, material and financial resources to ensure the external economic
effect of water resources continue to play(Li, Pang et al., 2010). According to the project request, the supplied
water standards should meet or better than the water quality of class II. When the water-supply level is
substandard, those water-supply should not be considered. Thus, the water loss could be represented by a
function, Ly, (4,,, @y), in which the water quantity Aw and water quality Q,, affect the amount of water loss. In
the establishment of protected areas and resettlement process, many farm lands were levied. To calculate the loss
of farm land, the variable L (4;) is introduced. The amount of ecological loss could be expressed by the
following equation,

yields
Lgg = f(Ly,Lp) — Ly (Aw, Qw) + Lp(4L) 2
Where Ly represents water loss in the water supply area, Lr represents the farm land loss, A, represents the
water quantity, Q,, represents the totally quality of transferable water and A; represents the land loss amount,
respectively.

Ecological losses we calculated to avoid duplication removing the accounting value of water resources
themselves and only considered the ecological impact the land loss caused by the conversion of sloping land in
Southern Shaanxi.

Where, Q,, means annual amount of transferable water, P, means three cities in Southern Shaanxi tap water
price. When the water quality up to standard delivery in Southern Shaanxi, we set Ay, =>1.

Calculation of agricultural losses from the area of cultivated land in Southern Shaanxi, according to the policy
document, the water area and the steep slope area with slope of more than 25° in a certain area should be
farmland and forest. there has:

Ly =A;, X8 X Py 3)
Where A; represent the quality of the land loss, § is a coefficient for sloping farmland proportion in Southern
Shaanxi, P, represent the average price of the compensation per ha.

3.2 Economic Loss

Economic loss contains two parts: direct loss and industrial opportunity loss. Direct loss includes the funds that
are invested in ecological construction and environmental protection in the water source area. The direct cost is
mainly constituted by the ecological construction and conservation cost, the water environmental protection
payment and pollution governance cost. Besides, to ensure water quality, the Southern Shaanxi has a huge bad
influence on the primary and secondary industry, while having less influence on tertiary industry. We calculate
industrial losses can be considered from three aspects, the first aspect is the increased sewage treatment fee of
the industrial enterprises. The second aspect is the reduced industrial output and the last aspect is the restricted
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industrial enterprises stationed in GDP losses. Accordingly, the economic cost expressed as:

yields
Lgy = f(Ry, Sy, Spu, Rr, Sk, Spr) — (Ry — Sy) X Spy + (Rg — Sg) X Spr “)
Where, R; and S; respectively represent the per capita disposable income of urban residents in similar areas
and water source areas, Spy represents the population of urban residents in the water source area, Ry and Sy
respectively represent the per capita disposable income of rural residents in similar areas and water source areas,
Spr represents the population of rural residents in the water source area.

3.3 Ecological Bonus

However, people lived in that protection area also benefit from the tourism, fresh air and more chances for
attracting low-polluting industries. These benefits could be defined as “ecological bonus”. we suggest evaluating
the ecological bonus with a proportional parameter (§) to exclude internal effect in the water source area, which
is:

Bgg = (Lgg + Legn) X B (5)
Ecological bonus will be the transfer of the central government to pay and benefit from the optimization of the
industry part of the consideration, the current direction of the main development of Southern Shaanxi green
ecological-based, good ecological environment brought about by tourism, agricultural and sideline products
income.

In a summary, the first stage (from 2014 to 2020) and the second stage (from 2021 to 2030) we set a proportional
parameter (f3) 10% and 20% respectively on calculated the amount of ecological bonus.

Finally, from 2031 to 2050 we called it “Ecological restoration and benefit period”, with the continuous
improvement of ecological restoration and the normal operation of environmental protection zones, the amount
of the eco-compensation only considers annual transferable water. The annual amount of eco-compensation will
be only focus on the quality of transferable water. Show as:

Agc =Ly = Quw X Py Aw =2 1) (6)
1
Pi=13L,P )

With an example, according to statistics show that North Water Transfer Area 2015-- cumulative diversion 2016
annual 3.83 billion m®, of which 70% of the volume of water from the Southern region, so the quality of water
loss in southern Shaanxi are 268 m’. the tap water price in China has included two parts: basic price and use fee,
the unit price in Ankang is 2.07 CNY per ton, in Hanzhong is 1.65 CNY per ton, in Shangluo is 1.75 CNY per
ton, we should state that the data of tap water price in these areas we used are collected from the government’s
official websites. Substitution of numerical values, available annual loss of water resources in Southern Shaanxi
is about 488 million CNY per year.

4. Results

In the article, we focus on the improvement of the ecological environment for the residents and the benefits from
the government. As the words say, “the ecological environment is also a productive force”, the greatest
ecological productivity is reflected in the tourism and the living standards of the residents.

(1) The first stage, begin in 2014 and end to in 2020.

Using the results of the third remote sensing survey in Shaanxi province, the total cultivated land area in
Southern Shaanxi is 1.0378 million hm?, 28% of the sloping land is more than 25°. According to the estimation
of the output value per unit area, the crops grown in the sloping land of Southern Shaanxi are grain, oil, Chinese
herbal medicine, tea, vegetables and fruit. However, according to the instability of market price and annual
production, we follow the Shaanxi provincial government put in these areas returning farmland to forest
compensation standards, 5,000 CNY per ha. Into the value, the farm land loss is about 1.45 billion CNY per year.

For the economic cost, we use the current domestic comparison with the calculation method, that is, the water
source area and similar cities per capita disposable income comparison, compare the difference, and then
multiplying the total population to get the amount of compensations, Economic losses can be considered from
the government and the enterprises, the government level in the water conservancy, environmental protection
and public facilities’ management investment funds, enterprises include limited production, shut down the loss of
GDP and harsh sewage charges.
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In this paper, we selected the Weinan City, which is relatively close to the development level in Southern
Shaanxi, but not affected by the water source. As a reference year, 2015, the urban populations in Southern
Shaanxi in 2015 are 4.0071 million people, the rural populations are 5.4031 million people. According to the
statistics of Shaanxi Provincial Bureau of Statistics in 2015, the per-capita disposable income data in Southern
Shannan and Weinan are respectively about 23,693 CNY and 25,472 CNY in urban areas, 7,979 CNY and 8705
CNY in rural areas. Taken the data into the formula, the economic loss is calculated a result about 11.08 billion
CNY per year.

The amount of ecological bonus we have set a proportional parameter (B) 10% on the first stage (from 2014 to
2020), there are about 1.25 billion CNY per year.

Finally, we could get a result for the first stage, according to our ecological compensation strategy, the amount of
ecological compensations in the first stage of Southern Shaanxi are 11.28 billion CNY per year.

(2) The second stage, begin in 2021 and end to in 2030, the amount of eco-compensations we calculated as
reference amount are 10.03 billion CNY per year.

(3) The last stage, begin in 2031 and end in 2050, the amount of eco-compensations we calculated estimated
amount are 488 million CNY per year under our demonstration.

5. Conclusions

In this article, we suggest a new perspective to measure the standard of eco-compensation. Three main factors,
ecologic loss, economic loss and ecologic bonus, are taken into account, two unstable coefficients called water
quantity and water quality put toward for an accurate calculation. In addition, we also divided three-time periods
to calculate the reality amount of compensation. According to our article, the economic loss, especially in the
loss of development opportunity, has considered the main loss. Many planned compensations require for
government taxation and other aspects, such as corporate subsidies, education, medical and other items. Using
this computational mechanism, the compensation amount to the Southern Shaanxi due to SNWTP will be easier
to calculate. Combine the principle of social fairness and justice. It should not only maintain the local ecological
environment, but also promote the optimization of the local industrial structure and promote the economic
development.
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