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Abstract

Climate change, population growth, the development of industrialization and urbanization

are increasing the demand for water resources, but the water pollution is reducing the limited

water supply. In recent years, the gap between water supply and demand which shows

water scarcity situation is becoming more serious. Clear knowing this gap and its main driv-

ing factors could help us to put forward water protection measures correctly. We take the

data of Huaihe River Basin from 2001 to 2016 as an example and use ecological water foot-

print to describe the demand, with the water carrying capacity representing the supply. We

analyze the water supply-demand situation of Huaihe River Basin and its five provinces

from footprint view in time and space. Then we apply the Logarithmic Mean Divisia Index

model to analyze the driving factors of the ecological water footprint. The results show that:

(1) the supply and demand balance of Huaihe River Basin was only achieved in year 2003

and 2005. There is also a large difference between Jiangsu province and other provinces in

Huaihe River basin, most years in Jiangsu province per capital ecological footprint of water

is more than 1 hm2/person except the years of 2003, 2015, and 2016. But other provinces

are all less than 1 hm2/person. (2) Through the decomposition of water demand drivers, we

concluded that economic development is the most important factor, with an annual contribu-

tion of more than 60%. Our study provides countermeasures and suggestions for the man-

agement and optimal allocation of water resources in Huaihe River Basin, and also provides

reference for the formulation of water-saving policies in the world.

Introduction

Water is the foundation of natural resources and an essential foundation of sustainable social

development. However, the total amount of global water resources is very limited. Fresh water

resources only account for 2.5% of the total water resources. Of these remaining freshwater
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resources, about 87% of them were covered with alpine glaciers and permafrost. Freshwater

resources that can be used by humanity only account for 0.26% of the total water of the earth

[1–5]. With scarcity supply while the growth of population, GDP and the change of consump-

tion structure increasing the water demand with growing at about 1% per year [6,7]. These

two sides effects” Limited supply and growing demand” can easily lead to a water crisis.

According to the World Water Development Report 2018 estimates that nearly half of the

world’s population lives in an area with one month’s water shortage every year, while the pop-

ulation is still increasing year by year, which may reach about 5 billion by 2050 and will cause

more serious water shortage.

China is the largest developing country in the world, even its total freshwater resources

account for 6% of the global water resources. However, the water consumption per capital is

2200 m3, which is only one fourth of the world level [8]. This make China is one of the 13

countries with the poorest water resources per capital [9,10]. According to China Statistical

Yearbook, China’s population has increased from 1.27 billion to 1.39 billion and the regional

GDP from 10.9 trillion to 89.6 trillion in the year 2001 to 2018. This rapid increase in the econ-

omy and population has brought a massive demand for water resources [11,12]. Compare with

the relative slow average growth rate of water supply (0.29%), China is facing huge demand

with the average growth rate was 0.54% from 2005 to 2017 [13,14]. If this situation continues,

the gap between water supply and demand will become larger and larger. It is predicted that by

2030, China’s total water consumption will reach 700–800 billion m3 per year, while the actual

available water resources will be about 800–950 billion m3 and the water demand is close to

the limit of available water. China’s water supply and demand imbalance have reached a dire

state. Clear knowing the water supply and demand gap has become a top priority for current

water resources development [15,16].

From the water supply-demand research type, researches are mainly divided into three catego-

ries. The first category is based on statistical data. According to the industrial water and domestic

water in Northwest China, the supply and demand of water resources in the basin from the end

of 1980s to 2010 were analyzed [17]. The second category is based on an appropriate methodol-

ogy. For the Tuwei River, through the analysis of multiple feedback and non-linear interactions

between the various elements of the system, a complex SD model was established [18]. The third

is to use the relationship between supply and demand to study ecological carrying capacity of

water, based on the combination model or SWAT model to evaluate the water resources supply

and demand [19,20]. From above analysis we found that most of the water situation analysis is

from water flows angle. While human activities, economic development and other processes use

large amounts of water, but they cannot be reflected in the original form of water resources.

The ecological footprint is a kind of quantitative resource utilization proposed by Canadian

ecological economist Wackernagel M [21]. It is an indicator for judging human pressure on

the ecosystem and threatening the ecological situation. Kitzes and other researchers expanded

the ecological footprint and widely used it in different quantitative evaluation systems and

derived the concepts of water footprint, water ecological footprint and so on [22–24]. Water

footprint refers to the quantity of water resources required by all products and services con-

sumed by a country (region or person) in a certain period of time. It measures the water con-

sumption of a certain basin by human activities in a certain region [25,26], which nearly cover

all the water demand of one region. Therefore, we use ecological water footprint as the demand

index of water resources. Water resources carrying capacity refers to the largest scale of water

resources system to maintain a virtuous cycle of ecosystem, support its area economic and

social development in a specific period of time. It is a "bottleneck" index to measure whether

the water resources shortage area can support the coordinated development of population,

economy and environment. At some extent this index could reflect the water resources supply
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of one area [27,28]. Therefore, we use the water ecological carrying capacity represents the

supply of water resources. By comparing these two factors, we can judge the security of water

ecosystem in this area.

In terms of research object, we choose Huaihe River Basin as a case study. This area has

become an important hub connecting the eastern and western regions of China with the

implementation of China’s western development strategy. The average annual total water

resources of Huaihe River Basin are 79.4 billion m3 and the total available water resources is

44.5 billion m3. With the water supply from the Yangtze River 5.626 billion m3 and from the

Yellow River 3.215 billion m3, Huaihe River Basin can almost meet the demand of water

resources [29,30]. Huaihe River Basin per capita water resources share is about 1/5 of the

national per capita water resources, however the average population density of the basin is 4.5

times that of the whole country [31] which make this area a serious water shortage place.

Water shortage has brought huge ecological pressure, which has seriously damaged the balance

of water in Huaihe River Basin [32]. Obviously, the water supply and demand of the Huaihe

River Basin are not balanced [33,34].

For the gap between supply and demand of water resources, water saving is obviously an

important measure to alleviate the gap [35,36], but the key to achieve precise water-saving

action is to find the key factors that cause the gap. Obviously, compare to the water supply

which is not mainly impact by human, the research on the driving factors of water demand is

helpful to grasp the influence of different factors on the change of water demand in the past.

Accurate identification is conducive to the formulation of water-saving policies and the man-

agement of existing water resources.

To calculate the driving factors of water supply- demand gap, Exponential Factorization

Method was under our consideration. This Method can be divided into three kinds: Lapsers

Index Method, Simple Average Factorization Method and Adaptive Weight Factorization

Method. With continuously developed in theory and practice, the model is continuously

improved [37,38]. Among them, Log Mean Di’s Decomposition Method is the most widely

used model. The LMDI model has the characteristics of not producing residual value and

allowing zero in the data, which is clear and objective for the results of influencing factor anal-

ysis. Ang., Liu and Ang both think it is the Optimal Decomposition Method. Many scholars

use the LMDI to study the energy consumption structure, energy consumption carbon emis-

sions and other issues [39–41]. So, it gives us a lot references to use LMDI Model to explore

and analyze the deep-seated problems of water resources in Huaihe River Basin.

Base on above analysis, we choose Huaihe River basin as a case study, with this area’s 2006-

2017data, from the perspective of Ecological Footprint of Water (EFW) to analyze the demand

of water resources in the Huaihe River Basin, with Ecological Carrying Capacity of Water

(ECCW) to measure the supply. Build the relative/absolute indicators of water footprint sup-

ply-demand to provide information for environmental protection, water resource planning

and management decision basis. Furthermore, the LMDI method is used to analyze the influ-

encing factors of the water supply-demand gap.

To sum up, our paper has the following innovations: (1) describe and analyze the supply

and demand of water resources in the Huaihe River Basin from the perspective of water foot-

print; (2) select EFW and ECCW to describe the demand and supply of water resources.

Methods and data

Study area

Huaihe River Basin is located in the east of China, between the Yangtze River and the Yellow

River Basin, flowing through Hubei, Henan, Jiangsu, Anhui and Shandong provinces (S1 Fig).
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The drainage area is about 270000 km2, with a population of 178 million. It is one of the seven

major water systems in China’s foreign flow area. There are more than 700 main trans-provin-

cial rivers. The number of direct currents ranked first among all water systems in China. There

are also many tributaries in Huaihe River System and 21 are primary tributaries with a basin

area of more than 1000 km2. The geographical location and population area of the Huaihe

River Basin are in the forefront of China’s major rivers, so study this important area could give

other places some insights.

Huaihe River Basin’s multi-year average per capita water resources are less than 500 m3,

which are about 1/5 of the national per capita water resources. While the large use of pesticides

in agriculture, the rapid development of high-water consumption and high pollution indus-

tries, the rapid growth of population and the concentration of large cities have led to the

increase of waste water discharge year by year, which has seriously polluted the water body in

the basin. For example, serious water pollution accidents have occurred in the Huaihe River

Basin in 2000, 2004, 2007, 2008 and 2010. Among them in 2000, the 6667km2 water surface of

Shilianghe reservoir was seriously polluted, 200000 people along the bank were faced with

drinking water difficulties, and the direct economic loss was more than 10 million. The short-

age of water resources and serious water pollution in Huaihe River Basin has seriously

restricted the economic development of Huaihe River Basin.

Because of Huaihe River Basin’s important strategic position and severe water supply-

demand situation, it becomes a very typical area to study the gap of water supply-demand and

its main driving factors from a footprint view.

Ecological footprint of water demand calculation method (EFW)

Water resources ecological footprint model is established according to the idea of ecological

footprint model. Convert water resources consumed by different accounts into corresponding

water resources land.

In this article, the status of water resources utilization is subdivided (As Table 1). The calcu-

lation formula is as follows:

EFw ¼ N � efw ¼ rwqw=pw ð1Þ

Table 1. Water resources ecological footprint account division table.

Ecological Footprint of Water Resources-Demand Account

Fishery Account Aquaculture account Including fishery production and aquaculture. As the basis of fishery production, water resources

provide a very rich source of food for human beings.

Freshwater

Account

Agricultural

water

Irrigation water Including water for agriculture, forestry, animal husbandry, water supply to fish ponds and water

for rural livestock

Animal husbandry water Animal husbandry refers to the production sector that raises livestock and poultry to obtain animal

products or livestock by grazing, captive or a combination of the two.

Industrial

water

Industrial water Mainly including production water, auxiliary production water, and auxiliary production water.

Construction site water It mainly includes construction production water, construction machinery water, construction site

domestic water, domestic water, and fire protection water.

drinking water Urban residents’

consumption of water

Water for residents and public use (including service, catering, freight, post and

telecommunications, and construction).

Consumption water for

rural residents

Mainly includes residential water.

Water pollution

account

Dilute wastewater to pollute water Water used to dilute wastewater.

Dilute acid rain to pollute water Water used to dilute acid rain.

https://doi.org/10.1371/journal.pone.0247604.t001
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Ecological carrying capacity of water supply calculation method (ECCW)

When the utilization rate of water resources exceeds 60%, the ecological environment will be

deteriorated [42]. Therefore, when calculating ECCW in this paper, 40% of water resources

need to be deducted to maintain basic ecological self-repair and protect the ecological

environment.

Calculation formula of ecological capacity of water resources-supply:

ESw ¼ N � esw ¼ rwcfð1 � 0:6ÞQ=Pwg ð2Þ

Absolute indicator of water supply and demand (AIW)

Absolute indicators of water supply and demand can mainly analyze water demand and deter-

mine whether water needs to be transferred from the outside. The specific calculation is as fol-

lows:

Erd ¼ EFw � ESw ð3Þ

Relative indicators of water supply and demand (RIW)

The relative indicators of water supply and demand can be used to evaluate the intensity of

pressure that Huaihe river basin can be withstood and measure the ecological security of water

resources in the Huaihe River Basin. The specific calculation is as follows:

EFP ¼ EFw=ESw ð4Þ

Factorization of water ecological footprint based on LMDI method

We divide the water resource use of the Huaihe River Basin into aquatic product consumption,

freshwater consumption and wastewater pollution consumption. It is used to characterize the

supporting capacity of water resources for human life, economic GDP, society and ecological

environment. Therefore, EFW is expressed as follows:

EFw ¼
X3

i

EFwi ¼
X3

i

rwQipw ð5Þ

Driving factors of water footprint in Huaihe River Basin

In order to have a deeper understanding of the ecological footprint of water resources, many

scholars have carried out research on the driving factors. Sun [43] focused on the economic

driving factors, and made a further elaboration on the water use mode and driving factors in

Tibet. There are also relevant studies that show that the impacts of different types of EFW [44],

water ecological footprint intensity [45] and population [46] on water ecological footprint can-

not be ignored. Therefore, we choose structure, intensity, population and economy as the driv-

ing factors of ecological footprint of water resources in our study. The influencing factors of

ecological footprint of water resources in Huaihe River Basin were studied by LMDI method.

According to Kaya [47–49], the total ecological footprint of water resources can be expressed

by the following formula:

EFwt ¼
X

i
EFwit ¼

X

i

EFwit

EFwt
�
EFwt

Gt
�

Gt

Nt
� Nt ¼

X

i
SitMtEtNt ð6Þ
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In order to carry out this analysis better, it is necessary to consider different factors of water

resources ecological footprint change [50,51].

DEFwt
¼ EFwt

� EFwt� 1
¼
X

i
SitMtEtNt �

X

i
St� 1Mt� 1Et� 1Nt

¼ DEFws
þ DEFwm

þ DEFwe
þ DEFwn

Sit ¼
EFwit

EFwt

;Mt ¼
EFwt

Gt
;Et ¼

Gt

Nt

According to the LMDI method proposed by Ang [52], the impact of each factor on the

ecological footprint of water resources can be calculated by the following formula:

DEFws ¼ In
Sit

Siðt� 1Þ

X

i

EFwsit
� EFwsiðt� 1Þ

InEFwsit
� InEFwsiðt� 1Þ

ð7Þ

DEFwt ¼ In
Mit

Miðt� 1Þ

X

i

EFwmit
� EFwmiðt� 1Þ

InEFwmit
� InEFwmiðt� 1Þ

ð8Þ

DEFwe ¼ In
Eit

Eiðt� 1Þ

X

i

EFweit
� EFweiðt� 1Þ

InEFweit
� InEFweiðt� 1Þ

ð9Þ

DEFwn ¼ In
Nit

Niðt� 1Þ

X

i

EFwnit
� EFwniðt� 1Þ

InEFwnit
� InEFwniðt� 1Þ

ð10Þ

The above four formulas represent the impact of ecological footprint intensity, economy,

population and structure of water resources. The positive value indicates that the index has an

increasing effect on the ecological footprint of water resources, and a negative value indicate

that the index has an inhibitory effect on the ecological footprint of water resources.

Formula description

All formula variables in our paper are described as follows (Table 2):

Data sources

The data on population and GDP are from the statistical yearbook of five provinces from 2001

to 2016 (http://www.stats.gov.cn/tjsj/); the data of water resources are from the Huaihe River

Basin Water Resources Bulletin and five provinces’ Water Resources Bulletin from 2001 to

2016 (http://www.hrc.gov.cn/main/szygb/21448.jhtml).

Results and analysis

Analysis of water ecological footprint and water carrying capacity

The balance of water supply-demand is an important index to evaluate regional water security.

EFW and ECCW are the key indexes to judge the balance of water resources supply- demand

from the footprint view. According to the formula (1) and (2), the EFW of Huaihe River Basin

in 2001–2016 is calculated and the results are shown in Table 3. The EFW shows an overall

upward trend, which means that during this period the demand for water resources in the

Huaihe River Basin, continues to rise. We also have the following finds: (1) ECCW per capita
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increased slightly and then decreased, reaching a peak value of 0.986 hm2/person in 2003;

other years it is still in a rising trend on the whole from 0.281 hm2/person in 2001 to 0.587 in

2016 hm2/person which shows that the supply of water is also increasing; (2) ECCW in the

year with abundant water resources is significantly greater than that in the year with less total

water resources; (3) there is a positive linear relationship between ECCW and the total amount

of water.

It can be seen from Table 3 that the Huaihe River Basin has been in ecological water foot-

print deficit for a long time, only ecological water footprint surplus in 2003 and 2005 (See

Table 3). This means that the demand for water in the Huaihe River Basin is greater than its

supply. At the same time, we find that when the average annual precipitation is rich and the

overall water resources are sufficient, the supply-demand of water resources will be balanced.

The water consumption has always been high, especially with the increase of GDP. At the

same time, the water demand of ecological environment which is used to maintain the water

environment ecology and absorb the pollutants from sewage discharge is increasing. In this

Table 2. Formula description table.

variable Meaning

EFw the ecological footprint of water resources (hm3)

N the total regional population

efw the ecological footprint of water resources per capita

rw the global water resources balance factor

qw regional consumption total water resources (m3)

pw the world’s average production capacity of water resources (m3/hm3)

ESw the carrying capacity of water resources (hm2)

esw the per capita water resources carrying capacity

rw the water resource balance factor

ψ the average water resource production factor in the Huaihe River Basin, ψ = 0.88 [53,54]

Q total water resources (m3)

Pw the average global water production capacity (m3/hm2)

Erd absolute indicators of water supply and demand

EFP Relative indicators of water supply and demand.

i the type of water resources (that is, the type of consumption of aquatic products, consumption of

freshwater resources and consumption of waste-water pollution)

rw the water resources balance factor

Qi the type Water consumption (m3)

EFwi
Total ecological footprint of water in year t

EFwit
Ecological footprint of class I water in year t of Huaihe River Basin

Gt Gross national product of Huaihe River Basin in the T year (GDP)

Nt Total population of Huaihe River Basin in year t (person)

DEFws
Changes of water ecological footprint caused by structural factors of water resources ecological footprint

DEFwm
Changes of water ecological footprint caused by intensity factors of water resources ecological footprint

DEFwe
Changes of water ecological footprint caused by economic factors

DEFwn
Ecological footprint of water changes of ecological footprint of water resources caused by population

factors

Sit Structure effect of water ecological footprint in Huaihe River Basin

Mt Intensity effect of ecological footprint of water in Huaihe River Basin

Et Economic effect of ecological footprint of water in Huaihe River Basin

Nt Population effect of ecological footprint of water in Huaihe River Basin

https://doi.org/10.1371/journal.pone.0247604.t002
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case, ECCW is too dependent on the precipitation in the basin, which shows that most of the

water supply in the Huaihe River Basin comes from the precipitation and the balance of water

supply-demand can be achieved in the year with sufficient water while the diversion from the

outside should be considered in the dry year.

Spatial and temporal analysis of ecological footprint of water in five

provinces

The Huaihe River basin provides industrial, agricultural and urban water for the cities in the

basin. The water environment of the Huaihe River is not only the key factor for the GDP devel-

opment of the basin, but also the basic support for the development of the five provinces.

Therefore, we analyze the five provinces’ EFW and the ECCW which flow through Huaihe

River Basin.

From 2001 to 2016, Jiangsu Province has the highest per capita EFW, which is more than 1

hm2/person in most years, only in 2003, 2015 and 2016 are less than 1 hm2/person and reach-

ing a peak of 1.195 hm2/person in 2007. The highest per EFW in Anhui Province is 0.816 hm2/

person and the lowest is 0.377 hm2/person. The overall fluctuation range is relatively large,

especially between 2015 and 2016, which is directly reduced from 0.777 hm2/person to 0.377

hm2/person. This dramatic change may due to the population of Anhui province increasing by

more than 30 million in 2016. The fluctuation of EFW in Shandong Province and Henan Prov-

ince is similar, which is about 0.4 hm2/person in most years. For ECCW, Hubei Province and

Anhui Province are relative high compare with other provinces. The ECCW per capita in

Hubei Province was as high as 0.363 hm2/person in 2016 and was as low as 0.151 hm2/person

in 2001. The difference between the two is 0.212 hm2/person and the average carrying capacity

of water resources per capita in Hubei is 0.239 hm2/person. However, the fluctuation of per

capital ECCW in Henan Province, Jiangsu Province and Shandong Province are similar. This

Table 3. Calculation results of the ecological footprint of water in the Huaihe River Basin from 2001 to 2016.

Year Aquatic product

consumption per capita

ecological footprint

(hm2/p)

Ecological Footprint

of Freshwater

Resources Per Capita

(hm2/p)

Wastewater

pollution per capita

ecological footprint

(hm2/p)

The ecological

footprint of water

resources per capita

(hm2/p)

The ecological

carrying capacity of

water resources per

capita (hm2/p)

Absolute

indicator of water

supply and

demand (hm2/p)

Relative

indicators of

water supply and

demand

2001 0.035 0.375 0.055 0.464 0.281 0.183 1.7

2002 0.037 0.394 0.058 0.488 0.382 0.106 1.3

2003 0.043 0.456 0.067 0.566 0.986 -0.421 0.6

2004 0.043 0.454 0.066 0.562 0.380 0.182 1.5

2005 0.049 0.561 0.076 0.640 0.737 -0.097 0.9

2006 0.049 0.509 0.074 0.631 0.481 0.15 1.3

2007 0.052 0.560 0.082 0.694 0.698 -0.003 1

2008 0.049 0.507 0.072 0.629 0.527 0.102 1.2

2009 0.049 0.499 0.082 0.628 0.414 0.214 1.5

2010 0.046 0.545 0.064 0.656 0.560 0.095 1.2

2011 0.05 0.55 0.074 0.674 0.519 0.155 1.3

2012 0.049 0.512 0.076 0.635 0.434 0.201 1.5

2013 0.049 0.512 0.076 0.656 0.390 0.266 1.7

2014 0.046 0.475 0.066 0.585 0.435 0.149 1.3

2015 0.048 0.463 0.069 0.578 0.497 0.081 1.2

2016 0.046 0.465 0.074 0.582 0.587 -0.006 1

https://doi.org/10.1371/journal.pone.0247604.t003
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further shows that the main factor affecting the ECCW is the total amount of water resources

and during study years where with more water resources the ECCW is relatively high.

Combining the difference between the EFW and ECCW, the two indicators’ difference in

Jiangsu Province is large, which shows that the water resources supply -demand in Jiangsu

Province is large and extremely mismatched. The water resources supply- demand in Henan

Province is not much different, which is relatively balanced. Anhui Province, Shandong Prov-

ince and Hubei Province followed Jiangsu Province in terms of water footprint. But on the

whole, the EFW is greater than the ECCW and the demand for water resources is greater than

its supply (S2 Fig).

From 2001 to 2016, EFW in the five provinces was greater than ECCW and the absolute

index of water supply-demand was less than zero. This means that the regional water resources

cannot meet the needs of production and living in that region. Among them, Jiangsu Province

has the most serious shortage of supply and the lowest was 0.783 hm2 in 2016. The absolute

indicator of water supply and demand in Hubei was 0.664 hm2; the minimum is 0.403 hm2.

While the absolute water supply and demand indicators of Henan and Shandong provinces

are between 0.221–0.442 hm2.

It can be seen from the absolute indicators of water supply and demand are closely related

to the number of water resources (as shown in S3 Fig). In those years with abundant regional

precipitation and relatively high total water resources, the absolute indicators of water supply

and demand are relatively good.

From 2001 to 2016, the relative indicators of water supply and demand in the five provinces

were all greater than 1 (S4 Fig). Among them, the largest relative indicator of water supply and

demand was in Jiangsu Province. The highest value is 25.77, reaching 6.11 in 2016 and the

average relative index of water supply and demand is 13.50.

The relative indicator of water supply and demand in Anhui Province was as high as 2.25 in

2016 and 1.23 in 2013. The average relative indicator of water supply and demand was 1.383

during 2001–2016 in Anhui. The relative index of water supply and demand is greater than 1,

which indicates that ECCW in Anhui is less than EFW.

Calculation results of factor analysis of water ecological footprint

EFW in Huaihe River Basin was decomposed by LMDI and the annual change of EFW influ-

encing factors in Huaihe River Basin from 2001 to 2016 was calculated. To observe the impact

of each factor more intuitively, we summarize the four effects. The data of the changes in the

ecological footprint of water are converted into their respective contribution rates to the

changes in the water ecological footprint (the detail results could be find in Table 4):

We can intuitively see each factor’s influence to the change of water ecological footprint (S5

Fig). Among them economic development factors have the greatest impact on water supply,

with contribution rate of more than 60%. Followed by water use structure, with contribution

rate of more than 20%, while intensity effect and population effect have little impact on water

supply of Huaihe River Basin, with contribution rate of less than 10%.

For the five provinces, the intensity effect of Hubei Province is greater than the population

effect, and the intensity effect of the other four provinces is less than the population effect. The

reason may be that the total population of Hubei Province is the smallest among the five prov-

inces, so its GNP is relatively high. Among them, economic effect is the largest contribution,

which is the main factors driving the rise of EFW. Since the supply side structural reform,

the rapid development of industry and agriculture, the consumption and demand of water

resources continue to increase, which promotes the increase of EFW.
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Discussion and suggestions

(1) The balance of supply and demand has been one of the core issues of water resources

research, and it is also an important part of the regional water resources evaluation [55]. The

purpose of water resources supply-demand balance analysis is to analyze the structure of water

resources, solve the contradiction of water and explore new ways of water resources develop-

ment and utilization [56–58]. EFW can measure the demand of water resources. The greater

the demand of social development for water resources, the higher the EFW per capital. ECCW

includes social development, resource endowment, supporting status and environmental pro-

tection, which comprehensively reflects the supply of water resources. Taking the research

results of our paper as an example, during the research period, the EFW in Huaihe River Basin

increased from 0.464 hm2/person to 0.582 hm2/person, showing an upward trend. The eco-

logical footprint of freshwater resources accounted for the largest proportion of EFW, which

had a decisive impact on the total per ECCW. However, the water resources carrying capacity

increased from 0.281 hm2/person to 0.587 hm2/person, which was slightly larger than the eco-

logical footprint of water resources. That means the Huaihe River Basin has been in short sup-

ply for a long time and there is a large demand for water in agricultural, industrial and

domestic water [59]. However, the realization of water resource balance requires certain engi-

neering and policy guarantee measures. So, we suggested that the relevant government depart-

ments in each region, based on the current water resources combined with the urban water

supply planning, give priority to ensuring the domestic water consumption of residents and

coordinate the industrial and other water consumption. In terms of demand, tighter measures

can be taken to further reduce water demand and make rational use of existing resources such

as rainwater and groundwater to achieve the optimal allocation of water resources to achieve

the optimal allocation of water resources [60]. Strengthen the red line management of water

resources development and utilization control, and strictly implement the total amount con-

trol of water use and water intake. A special agency shall be established to manage water

resources in the basin, strengthen the supervision over the operation and maintenance of vari-

ous engineering measures, ensure the normal and effective operation of various projects and

Table 4. Contribution rate of an ecological footprint effect of various water resources.

Years S’Contribution rate M’Contribution rate E’Contribution rate N’Contribution rate

2001–2002 29.854 2.346 62.46 5.34

2002–2003 26.453 3.434 64.65 5.463

2003–2004 25.486 1.346 67.432 5.736

2004–2005 30.797 1.689 60.168 7.346

2005–2006 26.7294 2.3446 61.792 9.134

2006–2007 25.1336 3.4614 63.762 7.643

2007–2008 24.052 6.131 61.683 8.134

2008–2009 28.059 1.134 66.673 4.134

2009–2010 16.218 1.346 68.973 13.463

2010–2011 21.344 3.467 66.753 8.436

2011–2012 23.803 4.356 64.678 7.163

2012–2013 25.627 3.465 62.465 8.443

2013–2014 26.832 1.364 62.368 9.436

2014–2015 28.515 1.349 62.673 7.463

2015–2016 24.14 4.643 62.783 8.434

Note: S, M, E, N represent the structural, intensity, economic and Population effects of the ecological footprint of water.

https://doi.org/10.1371/journal.pone.0247604.t004

PLOS ONE From water footprint view in Huaihe River Basin

PLOS ONE | https://doi.org/10.1371/journal.pone.0247604 March 4, 2021 10 / 16

https://doi.org/10.1371/journal.pone.0247604.t004
https://doi.org/10.1371/journal.pone.0247604


formulate corresponding legal systems, including policies, laws, regulations and regulatory

documents.

(2) The driving factors of water resources ecological footprint in Huaihe River Basin are

economic effect > structure effect > intensity effect > population effect and the economic

effect accounts for more than 60% of the total effect. Industrial structure also has a significant

positive driving effect on the increase of water resources ecological footprint. However, water

use efficiency and population factors have little influence on the ecological footprint of water

resources in Huaihe River Basin, and even show negative influence in some years. Based on

the above results, we put forward the following policy suggestions to the water resources man-

agement department of Huaihe River Basin.

We should actively explore the internal circulation of economy and optimize the allocation

efficiency of water resources. All the provinces in the Huaihe River Basin are big economic

provinces in China. The development of scale economy has not yet promoted the decoupling

of water resources utilization from economic development. Therefore, the relevant institutions

of Huaihe River Basin should take advantage of the development strategy of double circular

economy, optimize the allocation of water resources, pay attention to the relationship between

water resources utilization efficiency and scale economy continuous and improve the evalua-

tion mechanism of water resources utilization efficiency. Promote the transformation and

upgrade industrial structure to improve the high-water consumption nature of the current

industrial structure in the Huaihe River Basin. Agriculture and industry are high water con-

sumption industries. Consider about agriculture industries, we also suggest that the proportion

of agricultural water in Huaihe River Basin is more than 70% every year, and the proportion of

farmland irrigation water is more than 90%. all regions in the Huaihe River Basin should

develop the planting scale of agricultural products with low water consumption and high eco-

nomic benefits reasonably, promote the upgrading of farmland water conservancy facilities

and popularize the use of efficient and intelligent water-saving irrigation technology. The key

measures to save irrigation water are mainly pipeline water delivery, spray and drip irrigation.

In terms of industry, industrial water in Huaihe River Basin is second only to agricultural

water, each province in the Huaihe River Basin should restrict the water use of high-water con-

sumption industries, promote industries’ transformation or upgrade water-saving technology.

They should also focus on the development of low or no water consumption intensive indus-

tries. Deepen the application of water-saving technology and improve the utilization efficiency

of water resources. The water-saving policies and regulations, market mechanism and stan-

dard system are used to guide peoples’ water-saving production and lifestyle, so as to strictly

control the total amount of water consumption in the Huaihe River Basin and improve the uti-

lization efficiency of water resources. Measures to save water mainly include promoting the

reuse of recycled water and reclaimed water, and promoting new equipment, new processes

and new materials with water-saving, high efficiency, low consumption and low emission.

The rapid population expansion is another factor that affects the increasing demand for

water resources. Deal with the relationship among population, resources and environment is

the key point of sustainable development. Each region can determine the suitable population

range according to the demand and supply of water and the needs for social development,

which is the reference basis [61]. In term of water quality, the pollution situation is extremely

serious, especially in underdeveloped countries and developing countries. In this regard, we

can. We should bring the concept of water conservation into everyone’s mind, popularize

water knowledge to increase citizens’ education and publicity.

(3) At present, the world’s resource endowment is extremely unbalanced and the distri-

bution of global water resources is seriously uneven. Nine countries, such as Brazil and Rus-

sia, account for more than half of the world’s fresh water resources. Some countries are
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seriously short of water and the lack of water resources restricts economic development.

Especially for developing countries with water shortages, efficient and reasonable using

water resources are the current “bottleneck.” The main ways to solve water shortage chal-

lenges are open source and saving [62]. In terms of demand, tighter measures can be taken

to further reduce water demand and make rational use of existing resources such as rainwa-

ter and groundwater.

Climate change will change the spatial pattern of water resources, leading to the change

of available water resources. Climate change may affect the change of water demand and

water consumption of social and economic development, thus affecting the relationship

between water supply and demand of regional economic and social development. At pres-

ent, the impact of climate change on water resources mainly focuses on seasonal water

resources utilization efficiency [63], sustainable development of water resources in arid

and semi-arid regions [64], and the water quality of the downstream area [65]. For the

Huaihe River Basin, the impact of climate change is uncertain and complex [66]. For exam-

ple, the northern extreme precipitation is less and more concentrated, which is prone to

drought; while the southern extreme precipitation is more and the duration of heavy precip-

itation is long, which is prone to flood disaster. However, due to the complexity of climate

change research, there are great challenges, which need to be further explored by human

beings and the progress of research technology. In addition, studies have shown that human

activities will reflect climate change and further aggravate the imbalance between supply

and demand of water resources in the Huaihe River Basin [30,67]. However, our paper does

not focus on the analysis of the impact of climate change on water resources in the Huaihe

River Basin, but on the analysis of the existing water resources use and supply, describes the

status quo of the balance between supply and demand of water resources in the Huaihe

River Basin and excavates the main driving factors. For the future study, we still think its

value to further study the impact of climate change on the supply and demand of water

resources in the Huaihe River Basin, so as to further analyze its scarcity status and scare cop-

ing strategies.

Conclusion

Although the amount of global water resources is considerable, the differences between water

resource supply and demand have become a serious problem not just in China but globally.

We used a special study area in China to analyze this water problem from footprint view. The

results show that from 2001 to 2016, the Huaihe River Basin was in a state of water supply and

demand balance only in 2003 and 2005. In other years, water demand was greater than water

supply. This restriction has hindered the sustainable development of economic growth and

environment in the river basin. And for the five provinces where the Huaihe River flows, water

supply and demand in Jiangsu Province is quite different. Especially in the years when the

demand for water resources is large, other measures of water supply may be taken. Water sup-

ply and demand in Henan Province is relatively balanced, followed by Anhui Province, Shan-

dong Province and Hubei Province. Facing the gap between water supply and demand, we

decompose the influence degree of water resources supply and demand in the Huaihe River

Basin by LMDI factors and conclude four effects: economic growth, structural, intensity, and

population effect. We found that economic growth is an important factor of water resources

supply in the Huaihe River Basin and with proper and reasonable control of economic devel-

opment could improve the situation of water resources in the Huaihe River Basin. This result

provides a new direction for the sustainable development of Huaihe River Basin and also pro-

vides a reference for other basins.
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