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Abstract. The contradiction between supply and demand of water resources has become a global
issue, which cause that Sustainable utilization of water resources has become an important topic in
the world. According to the division of three-level accounts, the ecological footprint and ecological
carrying capacity of water resource were calculated by using the ecological footprint model in
Shiyang River Basin from 2007 to 2018. On this basis, the ecological surplus and deficit and
ecological footprint of ten-thousand-yuan GDP were used to analyze its sustainable utilization. The
results showed that the water resources in this region are in an extremely unsafe state of ecological
deficit, but the degree of sustainable utilization of water resources is constantly improving. There is
a positive correlation between the ecological carrying capacity and rainfall; The ecological footprint
of the primary industry is much larger than that of the secondary industry and the tertiary industry,
but the utilization efficiency of water resources is the lowest, which is the important reason for the
ecological deficit of water resources.

Keywords: Sustainable utilization; Water resources; Shiyang River Basin; Ecological footprint
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1. Introduction
Water resources is a key parameter that keep between human life, production activities and

ecological environment harmonious in production and development of human being. As the basic
resource of production and development of human society, water resources play an irreplaceable
role in human life, production activities, and the maintenance of ecological environment. However,
contradiction between supply and demand of water resources has become a global issue with
population and economic growth. Thus, sustainable utilization of water resources is a key link to
promote the inconsistency development of population, resources, economics and ecological
environment [1-5]. At present, the domestic and foreign scholars has researched many methods on
sustainable utilization of water resources. It includes the three-stage DEA method [6], the
combination of remote sensing technology and GIS [7], ecological footprint [8]and other methods,
which are mainly studied and analyzed on multiple spatial scales. The ecological footprint method,
put forward by Ree [9] in 1992, is to measure the ecological sustainability of a region by comparing
the demand of water resource with the supply of water resource. Scholars have calculated the
ecological footprint of water resources in Henan, Zhejiang, Chongqing, Chengdu of China, etc.,
which shows that the model has good applicability to regional water resources evaluation.

The Shiyang River Basin is one of the areas that is the most prominent contradiction in water use
and the most fragile ecological environment in China's inland river basin. So, it is important to
achieve sustainable utilization of water resources for keeping Ecological environment of Shiyang
River Basin health. In this paper, the ecological footprint theory is used to measure the sustainable
utilization degree of water resources by using two indicators, such as the ecological surplus and
deficit of water resources, and the ecological footprint of water resources of 10,000yuan GDP in
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Shiyang River Basin from 2007 to 2018, in order to provide suggestions for the sustainable
utilization of water resources in Shiyang River Basin.

2. Study site description
2.1 Study area

Originated on the northern slope of the Qilian mountain and ended at the Minqin oasis, the
Shiyang River Basin is the third largest inland river in Hexi corridor of Gansu Province in China
(101°41′E~104°16′E,37°41′N~42°42′N), whose basin area is 40852 km². It has an extremely
complicated natural landscape ecological system in Shiyang River Basin, which includes glacial
areas, forestland, grassland, cropland and desert. Less precipitation and strong evaporation are the
largest climate’s characteristics of Shiyang River Basin. The average annual precipitation is 170
mm while the evaporation is 700~2600 mm, which is a typical resource based water-deficient area.

2.2 Data sources
The data related to the development and utilization of water resources in the study area was

obtained from the ‘Gansu Water Resources Bulletin’ and the ‘Shiyang River Basin Water
Resources Bulletin’. The data included, for example, diverse types of water consumption, total
amount of water resources, population, economic development, precipitation, etc.

3. Methodologies
The ecological footprint of water resource (EFw) is to turn the values of the consumption of

water resources into land used for water resources, obtain equilibrium values that can be used for
comparison between different regions of the globe [10]. It can be divided into three-leavl accounts
to the water resource account, whose result is in Table 1.

Table 1. Division of the accounts of ecological footprint of water resource.
Primary account Second account Tertiary account

The ecological footprint
of water resource

water production
Primary industry
Second industry
Tertiary industry

water consumption
Life of urban residents
Life of rural residents

ecological water Urban environment
Rural ecology

3.1 The ecological footprint of water resources
The ecological footprint of water resource (EFw) is to turn the values of the consumption of

water resources into land used for water resources, obtain equilibrium values that can be used for
comparison between different regions of the globe [11]. It can be divided into three-level accounts
to the water resource account, whose result is in Table 1. So, the formula of EFw is as follows:

  welwww PNefEF /WWWN p   (1)

Where EFw is the ecological footprint of water resources (hm2); N is population; efw is the
ecological footprint of water resources per capita (hm2/person); γw is global equilibrium factors of
water resources, according to WWF 2002, γw =5.19; Wp is the consumption of water for production
(m3); Wl is the consumption of water for living (m3); We is the consumption of ecological water use
(m3). Pw is the g-lobal average productivity of water resources, Pw=3140 m3/hm2 .
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3.2 The model of water resources carrying capacity

The ecological carrying capacity of water resources (ECw) indicates the maximum water
resources supply to maintain the sustainable development capacity of society, economic support,
and ecological environment in the study area in a certain period , which can be expressed as:

www PQEC /4.0ec6.01 w  ）（ (2)

where, ECw is water resources carrying capacity (hm2); ecw is the water resources per capita
(hm2/person); ψ is the yield factor of water resources. According to the average water production
modulus of Shiyang River Basin from 2000 to 2018, it is 422.32m3/hm2, ψ=0.13; Q is the yield of
water resources (m3).

3.3 Indicators evaluating the sustainable utilization of water resources
3.3.1. Ecological surplus and deficit of water resources

Ecological deficit of water resources (Ed) is the difference between EFw and ECw, which can be
used to judge the sustainable utilization of water resources in the region. Its formula can be
expressed as:

Ed=EFw-ECw (3)
Where if ECw>EFw, it means that the water resources in this area are abundant and the

sustainable state of water resources is good; ECw=EFw represents the balance state of water
resources; When ECw<EFw, it means that the water resources in this area are deficient and
unsustainable.
3.3.2. The ecological footprint of water resources of 10,000yuan GDP

The ecological footprint of water resources of 10,000yuan GDP(EGDP) is the ratio of water
resources ecological footprint to GDP in ten thousand yuan, which can be used to measure the water
resources utilization efficiency of the region. If the value is smaller, it means that the water
resources utilization efficiency is higher, whereas is lower. The calculation formula is as follows:

EGDP=EFw/GDP (5)

4. Results and discussion
According to the water resources ecological footprint model (formula (1)-(5)) established above,

EFw, ECw, Ed, and EGDP in Shiyang River Basin from 2007 to 2020 were calculated.

4.1 Ecological footprint of water resources
It can be seen from Fig. 1, EFw in Shiyang River Basin showed a downward trend on the whole.

In 2007-2010, the decline was the largest, with a decrease of 61.37×104 hm2 and then declined
slowly in 2012-2019, with a decrease of 61.22× 104 hm2.On the other hand, in 2010-2012 and
2019~2020, it increased slightly, with an increase of 22.18×104 hm2 and 44.31×104 hm2. In three
accounts of the Ecological footprint of water resources, the footprint of water production has the
largest proportion of the ecological footprint of water resources, accounting for 95% with a water
consumption footprint.
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Fig. 1 Water resources for production, consumption, and ecology from 2007 to 2020

It can find out from Fig. 2 that the three major industries of the footprint of water production also
has a different proportion. Primary industry is much higher than other industries, accounts for
92.4% with the footprint of water production. Second industry and Tertiary industry has a lower
proportion, showing a steady trend. The main reason is that the State Council approved ‘the Key
Management Plan of Shiyang River Basin’ in December 2007. With the implementation of the Plan,
The Shiyang River Basin will intensify water conservation, intensify the adjustment of agricultural
planting structure, and improve the water use efficiency. Reducing the area of water distribution and
the total amount of water lead to a significant decline in the ecological footprint.

Fig. 2 Variations of three major industries in the water footprint for production from 2007 to 2020.

4.2 Water resources carrying capacity
It can be seen from Fig. 3 that the ecological carrying capacity of water resources showed a slow

increasing trend, with the lowest value of 24.32×104 hm2 in 2013 and the highest value of 38.59×
104 hm2 in 2007. It shows that there is a positive correlation between water resources carrying
capacity and precipitation in Shiyang River Basin from figure 2, and the correlation coefficient is
0.727.The precipitation in 2007 was 113.517×108m3, which was 31.0% higher than the average
precipitation. The precipitation in 2013 was 68.88 ×108m3, which decreased by 20.5% compared
with the average precipitation. Except the extreme weather in 2007 and 2013, the ecological
carrying capacity of water resources showed a upward trend.
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Fig. 3 Correlation between precipitation and ecological carrying capacity of water resources

4.3 Dynamic indexes of water resources
4.3.1 Ecological deficit

It can be seen from Table 2 that the water resources in Shiyang River Basin have been in an
ecological deficit state from 2007 to 2020, showing a steady upward trend, from -0.044×108 hm2 in
2007 to -0.039×108 hm2 in 2020, with an increase rate of 11.82%. This shows that a series of
water-saving measures have been implemented in Shiyang River Basin, and the ecological
environment in this area has improved since 2007.

Table 2. The ecological deficit of water resource from 2007 to 2020 in Shiyang River Basin

Year 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Ed

(hm2) -0.044 -0.043 -0.040 -0.038 -0.040 -0.040 -0.037 -0.037 -0.038 -0.037 -0.036 -0.036 -0.034 -0.039

4.3.2 Ecological footprint of water resources of 10,000yuan GDP
It can be seen from Fig. 4 that the ecological footprint of water resources of 10,000yuan GDP in

Shiyang River Basin decreased year by year, from 1.18hm2 in 2007 to 0.54 hm2 in 2015. The degree
of water resources development and utilization and efficiency in Shiyang River Basin have been
continuously improved, and the degree of increasing is large. It shows a decline trend for the three
major industries of EGDP. The value of the primary industry is larger than that of the second and
third industries, and its value also declines the most, from 7.25 in 2008 to 2.49 in 2015, which
indicating that the utilization efficiency of water resources in the primary industry is the lowest and
its utilization rate increases the most. The value of the secondary industry is stable and around 0.06.
EGDP of the tertiary industry decreased by 48% from 2008 to 2015, and the rate of improvement of
utilization rate was not as fast as that of the primary industry, which maintained at around 0.03 on
average. The economic development structure of Shiyang River basin is based on the primary
industry.

The demand of water in agricultural is larger than that of the secondary and tertiary industries,
but the tertiary industry contributes the most to GDP and has less demand for water resources.
Therefore, it is indicated that the tertiary industry has the highest utilization efficiency of water
resources among the three industries. In regions with insufficient water resources, it should
vigorously develop the tertiary industry and improve the utilization efficiency of water resources
according to local conditions to promote economic development.

Fig.4 Variations of three major industries in the footprint of water resources of 10,000 yuan GDP
from 2007 to 2020.
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5. Conclusions

(1) 2007 to 2018 showed an ecological deficit of water resource, indicating an unsafe state.
However, the total ecological footprint of water resources has been decreasing since 2007, while the
ecological carrying capacity of water resources is slowly rise on the whole and the gap between
supply and demand has been gradually reduced. And the ecological footprint of water resources of
10,000yuan GDP is decline, which indicating that the sustainable utilization of water resources is
improving. There was a positive correlation between the water resources carrying capacity and
precipitation in Shiyang River Basin, and the water resources ecological carrying capacity
decreased in the year of drought.

(2) Among the three accounts of the ecological footprint of water resources in Shiyang River
Basin, the ecological footprint of water production accounted for the largest proportion, while the
ecological footprint of ecological water accounted for the smallest. The water production occupied
the water consumption and the ecological water, which was unfavorable to the ecological
environment management. Among the three industries of the footprint of water production, the
primary industry accounts for the largest proportion of water production, but the primary industry
has the lowest utilization rate of water resources. Although the proportion of consumption in the
secondary and tertiary industries is small, the utilization ratio of water resources is high.
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