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Abstract: The evaluation of regional water-saving level can provide scientific theoretical support
for steadily promoting the implementation of a national water-saving priority strategy. Referring to
the water consumption statistics of 31 provinces (except Hong Kong, Macao and Taiwan) in China
in 2018, 14 easily accessible and comprehensive indexes were selected to establish an index system
of regional water-saving level and a water-saving level evaluation model based on support vector
machine optimized by genetic algorithm (GA-SVM) was constructed to analyze the national regional
water-saving level from different perspectives. The results showed that the water-saving level in
China presented a spatial distribution characteristic with Beijing City, Henan Province and Zhejiang
Province as the center and gradually decreased outward. From the perspective of regionalization,
the water-saving level in North China, Central China and Southeast China was higher, while the
water-saving level in Northwest China, Southwest China and Northeast China need to be improved.
Therefore, the national water-saving level is generally at a medium level and effective water-saving
work and water-saving schemes should be carried out according to different regions and industries.

Keywords: genetic algorithm; support vector machine; index system; water-saving level

1. Introduction

Water, as a resource, is an indispensable and irreplaceable natural resource for individ-
uals, society and even the whole earth. However, with the development and progress of
human society and science and technology economy, available water resources are decreas-
ing. Since the 1980s, China’s urbanization construction and social economic development
process have been restricted by the shortage of water resources. Water saving and emission
reduction are the only ways to reduce the consumption of limited water resources and
maximize the benefits of available water resources [1]. In 2014, General Secretary Xi Jinping
proposed “water saving priority” as the primary theoretical content in the 16-character new
period water control work idea [2]. The evaluation of water-saving level is a basic link in
the national priority water-saving strategy. Carrying out research on regional water-saving
level evaluation can provide a theoretical basis and technical support for the scientific
guidance of water-saving priorities and steady promotion of water-saving measures [3].

In foreign countries, initial studies on water-saving evaluation did not carry out com-
prehensive evaluations, but evaluated water-saving level from different fields, including
efficient farmland irrigation, total water consumption control for industrial production, ur-
ban domestic water and water-saving management. American scholars Ben and Sammis [4]
evaluated agricultural water-saving potential and regional evapotranspiration under a drip
irrigation system through comparative experiments in 1975. In 1988, Thompson et al. [5]
studied and analyzed the level of industrial water saving by using the industrial water
consumption index and concluded that increasing the reuse rate of industrial wastewater
could improve the reuse rate of industrial water. In 2016, French scholar Rinaudo [6]
proposed the tradable water-saving certificate system to improve the efficiency of water
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resource allocation among drinking-water enterprises in the basin. Although this model
still has some improvements, it has a certain promotion effect on the development of urban
water saving.

The evaluation of water-saving level in China began at the end of the 20th century.
Some scholars carried out research on urban water saving in terms of water consumption
index, water-saving efficiency and water shortage [7]. Meanwhile, some achievements have
also been made in efficient farmland irrigation, total water control for industrial production
and water-saving management [8–10]. There are not only regional water-saving level
evaluations for provincial, municipal and county administrative regions [11], but industry
(product) water-saving level evaluation for enterprises, communities, schools, products
and other specific water users [12]. The evaluation method evolved from the original single
index evaluation method, including mean multi-variable index evaluation, single variable
index evaluation and subjective index evaluation to multi-index comprehensive evaluation
method, including “pressure state response” (PSR) model, analytic hierarchy process, order
relation analysis, fuzzy comprehensive evaluation and technique for order preference by
similarity to ideal solution (TOPSIS) method [13,14]. Traditional evaluation methods have
certain subjectivity and cumbersome calculations and the evaluation factors are relatively
limited. When the data are too complicated, it is difficult to reflect the comprehensive
characteristics of high-dimensional data, while machine learning theory, such as support
vector machine, has good learning ability and generalization in dealing with nonlinear,
nonlocal and nonconvex high-dimensional problems by constructing scientific and objective
general function [15]. At present, the evaluation research on water-saving level mainly
focuses on the analysis of water-saving level of a single industry or a single region. On
the contrary, there are few studies on the water-saving level of a national region as well as
water-saving level research models.

On the basis of the existing research, a representative, independent, comparable and
operable evaluation index system was constructed in this paper. Taking the machine
learning model and intelligent algorithm as a theoretical basis, a national regional water-
saving level evaluation method based on a genetic algorithm optimized by support vector
machine is proposed, and the water-saving level is analyzed from different regions, different
indexes and factors affecting the water-saving level. The research results are expected to
provide new theoretical ideas for the scientific research and development of regional
water-saving level evaluation.

2. Methods
2.1. Establishment of Evaluation Index System

China’s water-saving problems can be mainly divided into five categories, including
comprehensive problems, industrial water-saving problems, agricultural water-saving
problems, domestic water-saving problems and water-saving management problems [16].
In accordance with the requirements of total amount control, efficiency control and emis-
sion reduction control, the library of alternative indexes for water-saving evaluation was
established based on scientific and systematic principles.

To screen the water-saving level evaluation indexes suitable for this paper from the li-
brary of alternative indexes, we first consulted the relevant national, industry, and collective
standards and regulations, including “The 13th Five-Year Plan for Building a Water-saving
Society” [17], “National Festival Water Action Plan” [18] and “Water-saving Society Evalua-
tion Index System and Evaluation Method” [19] to ensure the authority and reliability of the
indexes. Secondly, quantitative indexes are adopted as far as possible to make qualitative
evaluation on water-saving problems that cannot be easily quantified. Finally, combined
with the requirements of representativeness, independence, comparability and operability,
the evaluation indexes of water-saving level were sorted out and simplified from the five
perspectives of comprehensive water saving, industrial water saving, agricultural water
saving, urban water saving and water-saving management. Fourteen evaluation indexes
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that have great influence on regional water-saving level are obtained and the constructed
water-saving level evaluation index system is shown in Table 1.

Table 1. Comprehensive evaluation index system of regional water-saving level.

Index Type Index Unit Evaluation
Direction

Comprehensive
evaluation index

of regional
water-saving level

Comprehensive
water-saving

indicators

Total water consumption
control degree (A1) % The smaller the better

Water consumption per ten
thousand yuan GDP (A2) m3/ten thousand yuan The smaller the better

Decline rate of water
consumption per ten thousand

yuan of GDP (A3)
% The bigger the better

Ratio of unconventional water
resource consumption (A4) % The bigger the better

Industrial
water-saving

indicators

Water consumption per ten
thousand yuan of industrial

added value (B1)
m3/ten thousand yuan The smaller the better

Utilization rate of water for
irrigation (B2) % The bigger the better

Agricultural
water-saving

indicators

Efficient utilization coefficient
of irrigation water (C1) Dimensionless The bigger the better

Proportion of high-efficiency
water-saving

irrigation area (C2)
% The bigger the better

Water-saving
indicators for urban

life

Leakage rate of urban public
water supply

pipe network (D1)
% The smaller the better

Penetration rate of
water-saving appliances (D2) % The bigger the better

Centralized rate of urban
sewage treatment (D3) % The bigger the better

Water-saving
management

indicators

Plan water rate (E1) % The bigger the better
Installation rate of metering

facilities (E2) % The bigger the better

Standard quota timeliness (E3) Dimensionless The bigger the better

2.2. Evaluation Method of Water-Saving Level Based on Genetic-Algorithm-Optimized Support
Vector Machine

In 1995, support vector machine (SVM) was proposed by Vapnik and other scholars to
analyze nonlinear regression and classification problems [20] and was later widely used
in industrial production, health care, urban development and other fields. The core of
support vector machine is support vector and its basic principle is to construct an optimal
hyperplane in the high-dimensional space as the boundary of sample classification to
ensure the distance from each sample to this boundary can be maximized and then the
global optimal solution can be obtained [21].

In this paper, the 68 data samples collected were randomly divided into 37 training set
samples and 31 test set samples. The input of the SVM model is the sample set xi of each
water-saving index and the output of the model is the water-saving classification level yi.
The two-dimensional sample set xi is converted into the high-dimensional space ϕ(x) for
processing and the classification function is constructed as follows:

f (x) = sign(ω∗·ϕ(x) + b∗) (1)

where ω∗ is the weight vector and b∗ is the classification threshold.
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Considering the maximization of the interval between the sample set and the classi-
fication hyperplane and the fitting error, the problem of maximization for the interval is
transformed into the problem of minimizing objective functions ω∗ and b∗ by introducing
penalty factor C, relaxation factor ξi and relaxation factor ξ∗i .

min
{

1
2‖ω∗‖2 + C

l
∑

i=1

(
ξi + ξ∗i

)}
s.t.


f (x)−ω∗·ϕ(x)− b∗ ≤ ξi
ω∗·ϕ(x) + b∗ − f (x) ≥ ξ∗i

ξi, ξ∗i ≥ 0


(2)

By adopting Lagrange multiplier method, the dual form of the objective function
is obtained: 

min

{
l

∑
i=1

yi
(
αi − α∗i

)
− 1

2

l
∑

i,j=1

(
αi − α∗i

)(
αj − α∗j

)
K
(
xi, xj

)}
s.t.

l
∑

i=1

(
αi − α∗i

)
= 0, 0 ≤ αi, α∗i ≤ C, i = 1, 2, 3 . . . l

 (3)

where αi and α∗i are Lagrange multiplier factors ad K
(
xi, xj

)
is the RBF kernel functions.

K
(
xi, xj

)
= exp

(
−
‖xi − xj‖2

2σ2

)
= exp

(
−γxi − xj

2
)

(4)

where γ is the kernel function parameter γ = 1
2σ2 and ‖xi − xj‖ is the Euclidean norm.

The value of the model parameters will affect the results and accuracy of the model
and the penalty factor γ and the kernel parameter γ are important parameters in SVM
classifier. Since the learning function of SVM does not have a clear functional relationship
with model parameters, traditional support vector machines adopt cross-validation or
reliance on experience to determine relevant parameters, but the effect is not ideal and
there is a certain degree of subjectivity and blindness. To make SVM achieve the highest
mathematical analysis accuracy, genetic algorithm is applied to optimize the important
parameters to improve the accuracy of SVM classifier. Genetic algorithm was first proposed
by Professor Holland in 1975. It is an intelligent algorithm based on Darwinian evolution
theory to obtain the optimal solution of the problem by simulating the biological evolution
process [22]. The main process is to transform the mathematical solution process into an
artificial evolution model, including individual selection, crossover, mutation and other
operations [23]. Through continuous iterative calculation, the goal is comprehensively
searched and then the optimal solution for the model is obtained.

The steps of water-saving level classification based on genetic-algorithm-optimized
support vector machine are as follows and a flow chart is shown in Figure 1:

(1) Extraction of sample data.

The data for 14 indexes from 68 groups of the samples were extracted to obtain the
distribution of the same index from different samples and the samples of training set and
test set were selected.

(2) Data preprocessing.

Different indexes have different dimensions. To achieve the standardization and
practicability of the sample data, normalized calculations were made on the original data.

x∗ =
x− xmin

xmax − xmin
(5)

where x is the measured value and x∗ is the processed value.

(3) Genetic algorithm optimization.
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In the training process of water-saving level classification based on support vector
machine, genetic algorithm was introduced to obtain the optimal parameters. The new
population group is obtained by selecting, crossover, mutation and other operations for each
individual population. When the fitness of the new population group or the classification
accuracy meets the stop condition, the iteration process is stopped and retreated and the
optimal penalty factor and the kernel parameters with the highest fitness are obtained.

(4) Classification of the test set based on optimal parameters.

The optimal parameter [C, γ] was substituted into RBF kernel function and GA-SVM
water-saving level classification model. The output classification results included the
actual classification of test set and the optimal classification based on GA-SVM and the
classification accuracy was calculated.

Figure 1. Genetic-algorithm-optimized support vector machine water-saving level classification
flowchart.

3. Case Analysis
3.1. Data Sources

The data in the paper are extracted from the “China Water Resources Bulletin”, “China
Statistical Yearbook”, “China Urban and Rural Construction Statistical Yearbook” and
“China Water Statistics Yearbook” and the most stringent water resource management sys-
tem assessment and publication statistics of each province (region, city) in 2018, from which
the relevant data of 14 indexes in 31 provinces (autonomous regions and municipalities)
in 2018 are obtained to carry out the example application of regional water-saving level
evaluation.

3.2. Evaluation Index Analysis

To intuitively analyze the commonality and difference in indexes in different provinces,
a scatter distribution diagram of each indicator data is drawn in Figure 2.

As can be seen from Figure 2, the distribution of the five indexes, including total
water consumption control degree (A1), the decline rate of water consumption per 10,000
yuan of GDP (A3), water consumption per 10,000 yuan of industrial added value (B1),
water consumption per 10,000 yuan of GDP (A2) and leakage rate of urban public water
supply pipe network (D1), is relatively concentrated, with average values of 87.3%, 22.3%,
43.4 (m3/10,000 CNY), 94.9 (m3/10,000 CNY) and 14.9%, respectively. The five indexes of
most provinces (autonomous regions, municipalities) are at a better level. The distribution
of the proportion of high-efficiency water-saving irrigation area (C2), the reuse rate of
industrial water (B2), the penetration rate of water-saving appliances (D2), the installation
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rate of metering facilities (E2), the planned water consumption rate (E1) and the centralized
treatment rate of urban sewage (D3) are scattered. The differences in the indexes between
the maximum value and the minimum value are large. For example, the maximum value
of industrial water reuse rate is 95.8%, the minimum value is 18.3%, the maximum value of
efficient water-saving irrigation area is 95.54%, the minimum value is 2.51%, the maximum
value of planned water use rate is 97.26%, the minimum value is 1.2%, indicating that there
are great differences in water-saving work in industry, agriculture and urban life among
provinces (regions, cities). It is worth noting that the utilization ratio of unconventional
water (A4) and the effective utilization coefficient of farmland irrigation water (C1) are
relatively concentrated, with an average value of 2.7% and 0.54, respectively, but both of
them are at a low level.

Figure 2. Scattered distribution chart of each indicator (The explanation of A1–D3 is shown in
Table 1).

Referring to the standards for building water-saving societies in counties (Water
Resources [2017] No. 184), “Technical Guidelines for Evaluation of Water-saving Commu-
nities” and “Urban Water-saving Evaluation Standards” [24], the threshold division of the
indexes at each level is determined (Table 2) and then a quantitative distribution diagram
of provinces (autonomous regions and municipalities) at different levels of each index is
obtained (Figure 3).

Figure 3. The number of provinces (regions, cities) at different levels of each index.
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Table 2. Threshold division of each indicator at each level.

Index
Value Distribution of Each Level

High Level Higher Level Medium Level Lower Level Low Level

Total water consumption
control degree (%) 60~80 80~85 85~90 90~100 100~120

Water consumption per ten thousand
yuan GDP (m3/ten thousand yuan) 10~40 40~70 70~90 90~200 200~520

Decline rate of water consumption per
ten thousand yuan of GDP (%) 30~35 25~30 20~25 10~20 0~10

Ratio of unconventional water resource
consumption (%) 10~30 2.0~10 1.0~2.0 0.6~1.0 0~0.6

Water consumption per ten thousand
yuan of industrial added value (m3/ten

thousand yuan)
7~20 20~40 40~50 50~100 100~120

Utilization rate of water for irrigation (%) 90~100 80~90 60~80 40~60 15~40
Efficient utilization coefficient of

irrigation water 0.7~0.8 0.6~0.7 0.55~0.6 0.5~0.55 0.4~0.5

Proportion of high-efficiency
water-saving irrigation area (%) 70~100 40~70 20~40 10~20 0~10

Leakage rate of urban public water
supply pipe network (%) 0~13 13~14 14~15 15~20 20~30

Penetration rate of water-saving
appliances (%) 90~100 70~90 60~70 50~60 0~50

Plan water rate (%) 80~100 60~80 40~60 20~40 0~20
Installation rate of metering facilities (%) 90~100 80~90 70~80 50~70 0~50

Standard quota timeliness 2020 2019 2018 2016~2017 2014~2015
Centralized rate of urban sewage

treatment (%) 97~100 95~97 93~95 90~93 80~90

The results show that most of the provinces (autonomous regions and cities) are at the
medium or above level in terms of the eight indexes, including total water consumption
control degree (A1), the decline rate of water consumption per CNY 10,000 of GDP (A3),
water consumption per CNY 10,000 of industrial added value (B1), water consumption
per CNY 10,000 of GDP (A2), centralized rate of urban sewage treatment (D3), leakage
rate of urban public water supply pipe network (D1) and the installation rate of metering
facilities (E2). More than half of the provinces (autonomous regions and municipalities
directly under the central government) are at or below the primary level in terms of the
proportion of high-efficiency water-saving irrigation area (C2), the penetration rate of
water-saving appliances (D2) and the timeliness of standard quotas (E3). However, the
effective utilization coefficient of farmland irrigation water (C1) and the utilization ratio
of unconventional water sources (A4) are at a low level in most provinces (autonomous
regions and municipalities).

3.3. Evaluation Model Parameter Optimization Results

By searching, collecting and sorting out the relevant database information, a total
of 25 papers was queried and 22 groups of index data were sorted out. The relevant
research results covered six typical water-saving cities (region, city), which can be used
as an effective supplement to the water-saving-level evaluation data. Taking the collected
22 groups of index data and 15 groups of provincial (region, city) index data, a total of 37
sets of samples as the training set samples province (region, city) index data and 31 groups
of provincial (autonomous regions, municipalities) index data as the test set samples, the
relevant research in this paper was carried out.

The input of the model is water-saving index xi and the output of the model is
water-saving classification level yi , so the training sample set of 37 groups is
D = {(xi, yi)|i = 1, 2, . . . , l, l = 37}. In the water-saving-level evaluation model of GA-
SVM, the maximum genetic times of the population were set as 100, the population size
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was set as 20 and the variation range of parameters C and γ was between 0 and 100. In the
iterative process of genetic algorithm, the fitness of individual population is the classifica-
tion accuracy [25]. When the classification accuracy is the highest, 1 and 2 are the optimal
parameters. As can be seen from Figure 4 for the genetic algorithm iteration, the optimal
accuracy rate has been improved four-times and finally stabilized at 97.2973%. In this case,
the optimal parameter value is obtained, C = 3.7053, γ = 0.61817.

Figure 4. Genetic algorithm iteration graph.

3.4. Results Discussion
3.4.1. Analysis of Water-Saving Level in Various Provinces

The normalized data for 31 test sets were substituted into the algorithm program of
GA-SVM to complete the classification and evaluation of water-saving level in provinces
(regions, cities), as shown in Figure 5.

Figure 5. GA-SVM algorithm program result graph.
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According to Figure 5, the classification results for water-saving levels in provinces
(autonomous regions and municipalities) can be obtained. In China, there are 3 higher-level
provinces (autonomous regions and municipalities), 10 high-level provinces, 6 medium-
level provinces, 11 lower-level provinces and 1 low-level province. The spatial distribution
characteristics of water-saving levels in all provinces (regions and cities) are shown in
Figure 6.

Figure 6. Spatial distribution characteristics of regional water-saving levels in China.

From Figure 6, more than half of China’s provinces (autonomous regions and cities)
are above the medium level, accounting for 61.3% of the total, and few provinces (au-
tonomous regions and cities) reach the low level or high level. Generally speaking, the
water-saving level in China presents the spatial distribution characteristics with Beijing,
Henan and Zhejiang Province as the center and gradually decreases outward. Beijing, as
a super-large city with a high economic level, and Henan Province, as a province with
a large population in China [26], have made great progress in water saving by further
strengthening water-saving management, implementing the national priority policy of
water saving, promoting the development of water saving and vigorously achieving the
sustainable utilization of water resources [27]. Zhejiang Province, located in the southeast
coastal area, with abundant rainfall and sufficient water resources per capita, attaches
great importance to water saving and pollution control and develops non-traditional water
resources to improve water-saving level. There are many rivers in Tibet, but most of the
rivers are intermittent [28]. The utilization rate of water resources in Tibet is extremely
low and the waste phenomenon is extremely serious; the area is vast but the population is
sparse and water-saving technologies and funds are scarce, making it the only low-level
water-saving area.
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3.4.2. Analysis of Water-Saving Level by District

According to the “13th Five-Year Plan” for the construction of water-saving society [29],
the national water-saving work is divided into six regions, including Northeast, Southwest,
North China, Central China, Northwest and Southeast. Based on this, the water-saving
level in the six regions is determined (Figure 7).

Figure 7. Spatial distribution of regional water-saving levels by district.

As a whole, North China, Central China and Southeast China have high economic
levels, dense population and a large amount of water resources. Therefore, all provinces
and autonomous regions should insist on giving priority to conservation [30], aiming
at promoting water saving through structural adjustment to improve water-saving effi-
ciency and keep the water-saving level at medium or above. In Southwest China, Guangxi,
Chongqing and Yunnan provinces have complex terrain structure and abundant regional
water resources [31]. However, the economic and social development is relatively backward
and the water-saving level is low, so there is great potential for water saving. In view of
the characteristics of regional resources and the disadvantages of water-saving work, it is
necessary to strengthen the promotion of water-saving work to promote the sustainable de-
velopment of water resources. Due to the impact of geographical environment, Northwest
China is faced with the problems of water shortage and ecosystem imbalance [32] and the
backward economy also restricts water-saving management. Compared with the North-
west regions, Jiangsu, Jiangxi and Hunan provinces in the Southern region have abundant
water resources, but the regional and seasonal drought and water pollution problems are se-
rious. Therefore, there is a lot of room for improvement in the construction of water-saving
society in the south. Different regions have different priorities for promoting water-saving
work, so each region should summarize the restrictive factors in the process of promoting
water-saving work and formulate water-saving work implementation plans in combination
with natural geographical conditions and socio-economic development characteristics.

3.4.3. Analysis of Factors Affecting Water-Saving Level

According to the analysis of evaluation indexes, it can be seen that the utilization
ratio of unconventional water sources and the effective utilization coefficient of farmland
irrigation water have a great impact on regional water-saving level, as illustrated in Figure 8.
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From the perspective of the proportion of unconventional water sources, only North China
has a high water-saving level, while the water-saving level in the rest of the regions is
at a lower level. In case of a shortage of conventional water resources, most provinces
(autonomous regions and municipalities) must pay attention to the theoretical research and
engineering construction of unconventional water resources to increase the total utilization
of unconventional water resources. In terms of effective utilization coefficient of farmland
irrigation water, the vast majority of regions are at a low level, which indicates that most
regions in China have high water-saving potential for agricultural water use. Due to the
low cost of farmland irrigation at present, farmers’ awareness of water conservation is weak
and agricultural water-saving irrigation projects have not covered the whole country [33],
so water-saving benefits are always at a low level. Therefore, it is necessary to develop a
perfect legal system and implement high-efficiency water-saving irrigation technology to
promote the development of agriculture.

Figure 8. Low-level indicators district statistics chart.

4. Conclusions

Evaluation of the water-saving level is basic work in water resource planning, devel-
opment, utilization, protection and management. Scientific and objective evaluation results
can provide a decision-making basis for the sustainable utilization of resources and provide
technical support to steadily promote the implementation of water conservation. This
paper takes 31 provinces (region, city) in China (except Hong Kong, Macao and Taiwan) as
the research object, establishes an evaluation index system of water saving, constructs an
evaluation model of water-saving level based on the support vector machine optimized by
genetic algorithm and discusses the water-saving level in provinces (region, city) and the
factors affecting the water-saving level. The following preliminary conclusions are obtained:
in 2018, the water-saving level in China presented spatial distribution characteristics with
Beijing, Henan and Zhejiang Province as the center and gradually decreases outward; in
terms of regions, the water-saving level in North China, Central China and Southeast China
is relatively high, while the water-saving level in Northwest China, Southwest China and
Northeast China needs to be improved. However, the effective utilization coefficient of
farmland irrigation water and the proportion of unconventional water use have a relatively
high impact on regional water-saving level, so each province (autonomous regions and
municipalities) still needs to strengthen the water-saving level of unconventional water use
and high-efficiency agricultural irrigation. Considering natural resource conditions and
economic development, different regions should formulate water-saving construction plans
suitable for their own regions and strengthen the construction of water-saving supervision
systems and mechanisms to achieve the improvement in the level of water-saving in the
whole region.
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In terms of methods, the evaluation method of genetic algorithm optimization support
vector machine has good performance in water-saving level evaluation and it is applied in
China, a country with large regional differences in water-saving level, with high precision,
which can be used as a reference for water-saving level evaluation in other countries. In this
paper, only 14 evaluation indexes for 31 provinces (regions and cities) in 2018 are selected
for analysis. They are greatly influenced by sample time series and spatial sequence. In the
follow-up study, index data of different levels of multiple time series can be selected and
the regions refined to make the evaluation results more specific and effective.
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