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Water is an important basic resource for social and economic development and also a
necessity for the life and produce of people. The unbalanced development of water
resources in Hebei Province of China and the obvious contradiction between supply and
demand, affected by geography and natural environment change, has seriously influenced
the Hebei village renewal process. This paper presents a comprehensive evaluation
method of water carrying capacity—principal component analysis (PCA)—and
constructs the evaluation index system of water carrying capacity in Hebei Province
from water resources, water management, industrial development, agricultural
development, social development, environmental protection, and other aspects. Based
on the economic and water statistical data of Hebei province from 2009 to 2018, this paper
adopts principal component analysis as an evaluation method to comprehensively
evaluate the carrying capacity of water resources in Hebei Province across time and
space. The results show that principal component analysis is an effective method for the
comprehensive evaluation of water carrying capacity, which can reflect the local water
carrying capacity objectively and comprehensively.

Keywords: principal component analysis, water carrying capacity, comprehensive evaluation, hebei province,
natural environment change

INTRODUCTION

Water conservancy plays an irreplaceable supporting role in implementing the rural revitalization
strategy. Water is an important basic resource for social and economic development as well as a
necessity for the life and produce of people. As an important component of natural resources, water
resources are the key objects of ecological protection. How to measure the carrying capacity of water
resources scientifically, how to predict the carrying capacity of water resources in advance, and how
to provide warning for the imminent danger of water resources, are the key issues in the research of
water carrying capacity.

Rural revitalization will eventually achieve comprehensive revitalization. Water plays an
important role in the rural revitalization of the Beijing-Tianjin-Hebei region. Affected by the
region and natural environment, the water resources in Hebei Province of China are obviously not
the same in Beijing and Tianjin. In terms of quantity and structure of water, there are different
degrees of quantity shortage or structure imbalance, which seriously affects the process of rural
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revitalization in Hebei Province. Water carrying capacity
provides a new thinking and methods for the comprehensive
utilization of water resources in Hebei Province. How to
effectively evaluate the carrying capacity of regional water
resources, reasonably develop the utilization potential of water
resources, and achieve the coordinated development of the social
economy and ecological environment is an important issue to be
quickly solved in Hebei Province.

The study of water carrying capacity is helpful for the
relevant departments to formulate water protection policies
and control risks, contribute to the rational utilization of
water resources, and provide water resource guarantees for
rural revitalization and development in Hebei Province. The
research on the carrying capacity of water resources at home and
abroad is reviewed, its concept and characteristics is given, its
evaluation methods are summarized and the theory of principal
component analysis is elaborated upon in detail in this paper. It
is an important part of examining the carrying capacity of water
resources to establish its evaluation indexes. 16 evaluation
indexes of water carrying capacity in Hebei province are
established from the aspects of water, water management,
industrial development, agricultural development, social
development, and environmental protection on the basis of
its influencing factors in the paper. The principal component
analysis method is adopted to comprehensively evaluate the
carrying capacity of the water resources of Hebei Province over
time and space, and rank the carrying capacity of water
resources in all regions of Hebei Province.

The rest of the paper is organized as follows: Literature review
is introduced in Literature Review. The proposed method of
Principal component analysis (PCA) is introduced in Methods.
The case study is illustrated in Data And Case Analysis, and
conclusions are discussed in Conclusion.

Literature Review
Research on the Concept of Water Carrying
Capacity
At present, the research of water carrying capacity has a certain
basis. The bearing capacity is a concept in mechanics, and it first
appeared in the engineering field. It refers to the ability of the
foundation to bear the load of buildings. Now it has been
accepted and used in many fields, among which the most
widely used is the study of environmental bearing capacity
and resource bearing capacity in ecology. In 1921, Park and
Burgess proposed the concept of ecological carrying capacity in
the journal of Human Ecology. In the 1980s, UNESCO put
forward the concept of carrying capacity (Nixon, et al., 2002). In
1999, United Research Service (URS Corp.)was commissioned
by the United States Army Corps of Engineers and the Florida
Society Office to study the carrying capacity of the Florida Keys
Basin.

Taking India as an example, Joardor. (1998) studied the
carrying capacity of urban water resources from the
perspective of water supply, and incorporated it into urban
development planning. Michiel A. Rijsberman et al. (2000)
takes water carrying capacity as a measurement standard for
urban water resource security.

In addition, the research on carrying capacity is more
abundant in other fields. C. Bacher et al. (1997) researched
ecosystem carrying capacity. Jonathan et al. (1999) researched
the carrying capacity of water resources in agricultural
production areas. Rees (1996) researched Urban water
Supply capacity. Duarte et al. (2003) researched the
Carrying capacity to coastal waters. Samuel Shephard et al.
(2010) researched the Carrying Capacity of Marine
ecosystems. Murray (2010) researched Population carrying
capacity. Guangwei Huang (2012) has done extensive
research on the carrying capacity of migratory waterfowl.
France Salerno et al. (2013), based on the concept of
environmental protection and sustainable development,
established an environmental model to discuss the concept
of tourism carrying capacity.

In China, Shi et al.(1989)first put forward the concept of the
carrying capacity of water resources. Later on, Shi Yafeng
(1992), Hui Yang He (2001), and Li Yunling et al. (2017)
defined water carrying capacity from the maximum carrying
capacity of water resources. Dictionary of Environmental
Science (1991), Feng et al. (1997), Xia Jun (2002), Liu Jia-jun
(2011), Duan Chunqing (2010), YANG Junfeng (2014), SUN
Deliang (2018), and WANG Lili (2018) defined water carrying
capacity from the maximum support scale. Xu Youpeng (1993),
Gao Yanchun (1997), Hu Cheng (2013), and Song et al. (2011)
defined the carrying capacity of water resources from the
perspective of maximum development capacity of water
resources. Tan Xiao (2018) believes that the carrying capacity
of water resources is the embodiment of the sustainable
development function of water resources-environment-
economy-society system.

Research on the Evaluation Index System of
Water Carrying Capacity
The index system of water carrying capacity is an important
aspect of water carrying capacity research, but there are many
factors affecting water carrying capacity, so scholars have
established the evaluation index system of water carrying
capacity from different perspectives.

Zhu et al. (2003) and Zhou Li (2016) established three
subsystems covering water resources, ecological environment,
social, and economic development. Liu et al. (2011), Zeng
et al. (2013), Qu Xiao ‘e (2017), and Song et al. (2018)
established an evaluation index system covering four
aspects of water resources, society, economy, and ecological
environment. Li et al. (2017) constructed the evaluation index
system of water carrying capacity in the Yangtze River
Economic Belt from four aspects: social economy, water
resource quantity, water consumption, and wastewater
discharge.

Research on Evaluation Methods of Water
Carrying Capacity
At present, studies on the evaluation of water carrying capacity
are mainly structured as follows:
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Firstly, some evaluation method is used to comprehensively
evaluate the index system, and then the water carrying capacity is
ranked according to the evaluation results. Xu Youpeng (1993),
for example, used a fuzzy comprehensive evaluation method to
evaluate water carrying capacity. Fu et al. (1999) used principal
component method to evaluate water carrying capacity. Zhu et al.
(2003) used analytic hierarchy process to evaluate water carrying
capacity. Zhou Li (2016), Huang Qiuxiang et al. (2016), Li et al.
(2017), Liu et al. (2020), and Hong (2020) used principal
component analysis and cluster analysis to evaluate the
carrying capacity of water resources.

Secondly, some scholars established a mathematical model
for quantification based on the interaction of some factors in
water carrying capacity. For example, Qu Xiao ‘e (2017) made
a comprehensive evaluation of the water carrying capacity of
relevant regions and cities by using the comprehensive
evaluation method of TOPSIS. Li Yun et al. (2017) made
an empirical analysis based on the technical route and
evaluation standard of water carrying capacity evaluation.
Song et al. (2018) proposed the improved abrupt progression
method to evaluate the water carrying capacity of five
provinces and cities in the lower reaches of the Yangtze River.

Review of Literature
To sum up, scholars have carried out different degrees of research
on different cities, basins or regions, but a generally accepted
viewpoint has not been formed in the systematic research on the
concept of water carrying capacity, and there are still
shortcomings:

1) The research on the concept of water carrying capacity has not
yet formed a generally accepted theoretical system.

According to the existing studies, the concept of water
carrying capacity can be divided into three categories: The
maximum carrying capacity of water resources, the maximum
supporting scale of water resources, and the maximum
development capacity of water resources. Water carrying
capacity is a comprehensive concept involving many elements
such as society, economy, environment, and ecology. Existing
definitions from one aspect, or from several aspects, do not fully
cover the subject.

2) There are a few personal subjective factors involved in the
selection of evaluation indicators of water carrying capacity.
Therefore, it is necessary to adopt objective methods to reduce
the impact of subjective factors and determine the importance
of indicators for evaluation research.

3) The evaluation method of water carrying capacity is not
comprehensive enough. The existing research methods
are mainly based on comprehensive evaluation, but most
scholars fail to consider the influence of index weight.
Especially after the rural revitalization strategy is put
forward, how Hebei province integrates the water
resources of Beijing, Tianjin, and Hebei, is particularly
important to the development of Hebei Province, but
there is a lack of research on this aspect.

METHODS

From the previous research results, the evaluation methods of
water carrying capacity mainly include supply-demand balance
method, analytic hierarchy process, fuzzy comprehensive
evaluation method, principal component analysis method,
systematic dynamic method, etc. In this paper, principal
component analysis (PCA) is used to evaluate the carrying
capacity of water resources in Hebei province. Principal
component analysis (PCA) is an independent statistical
analysis method that uses a small number of indicators to
represent majority variable indicators and reflects the
information reflected by majority variable indicators as much
as possible through dimension reduction (France Salerno et al.,
2013). The specific calculation steps are as follows.
Step1: In order to eliminate the impact of errors caused by order
of magnitude and dimension, the original data are standardized.

Zij � xij − �xj
Sj

, i � 1, 2,/, n; j � 1, 2,/p

Step2: Calculate the correlation coefficient matrix of the
standardized samples.

R � [rij]pXp � ZTZ

n − 1

rij � ∑ zkj · zkj
n − 1

, i, j � 1, 2,/, p

Step3: Calculate eigenvalues and eigenvectors.

FIGURE 1 | Location map of research area.
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Step4: Calculate the contribution rate of principal component and
the cumulative contribution rate. Under normal circumstances,
determine the main component with the cumulative contribution
rate greater than or equal to 85%.

∑m
j�1 λj

∑p
j�1 λj

≥ 0.85

Step5: Calculate principal component load.

Uij � zTi b
o
j, j � 1, 2,/m

U1 is called the first principal component, U2 is called the
second principal component, and Up is called the pth principal
component.
Step6: Calculate comprehensive score and conduct
comprehensive evaluation on regional water carrying capacity.

DATA AND CASE ANALYSIS

Study Area Status and Data Sources
Hebei is located between longitude 113°27′ and 119°50′ east and
latitude 36°05′ and 42°40′ north. It is located in North China, north
of Zhanghe river, east of Bohai Sea and inner Ring of Beijing and
Tianjin, west of Taihang Mountain, North of Yanshan Mountain,
North of Yanshan is Zhangbei Plateau and the rest is Hebei plain (As
shown in Figure 1). It is the only province in China that has plateaus,
mountains, hills, plains, lakes, and seashores. Hebei province covers
an area of 188,800 square kilometers and has a permanent resident
population of 75, 919, 700. It has jurisdiction over 11 prefecture-level
cities, including Shijiazhuang city, Tangshan city, Handan city,
Cangzhou city, Baoding city, Langfang city, Qinhuangdao city,
Zhangjiakou city, Chengde city, Hengshui city, and Xingtai city.
It has a temperate continental monsoon climate, and most of the
four seasons are distinct.

The data used in this study are from Statistical Yearbook of
Hebei Province and Hebei Water Resources Bulletin (2009-2018)
which are calculated and sorted out.

Establish the Evaluation Index System
It can be seen from the definition of water carrying capacity that it
is a comprehensive concept involving many factors such as
society, economy, environment, ecology, etc. Therefore, in the
evaluation and analysis of regional water carrying capacity, the
selection of appropriate indicators should also involve several
factors.

This article is based on the summary and reflection of the
water carrying capacity system. According to the actual
situation of Hebei Province, 16 factors were selected from
the aspects of water resources, water management, industrial
development, agricultural development, social development,
and environmental protection to comprehensively evaluate
the water carrying capacity of Hebei province from 2009 to
2018, as shown in Table 1.

Because Hebei province straddles Beijing and Tianjin, and has
plateaus, mountains, hills, plains, lakes, and seashores, the
distribution of water resources is inevitably uneven, which
makes the water resources ineffectively used. In order to better
understand the carrying capacity of water resources in Hebei
Province, 11 cities in Hebei Province were also evaluated in this
paper. Combined with the actual situation, the evaluation index
system includes X1 (The total population at the end of the year),
X2 (Gross regional product), X3 (Per capita GDP), X4 (Per capita
disposable income of urban residents), X5 (Per capita net income
of farmers), X6 (Per capita water consumption), X7 (Total water
resources), X8 (Total water supply), X9 (Industrial water
consumption), X10 (Agricultural water consumption), X11

(Urban environmental water consumption), X12 (Water
consumption per 10,000 yuan of GDP), X13 (Development and
utilization rate of water resources), and X14 (Rainfall).

TABLE 1 | Evaluation index system of water carrying capacity in Hebei Province.

The target layer Rule layer Index layer Properties

Evaluation of water carrying capacity in Hebei Province The economic development X1 Total population at year end +
X2 Urbanization rate +
X3 Gross domestic product +
X4 Fixed asset investment +

The water resources X5 Rainfall +
X6 Total water resources +
X7 The total water supply +

Water management X8 Sewage discharge -
Industrial development X9 Industrial water consumption -
Agricultural development X10 Agricultural water consumption -

X11 Irrigation water per mu -
X12 Water for forestry, fishing and livestock -

The environmental protection
Social development

X13 Ecological water consumption -
X14 Domestic water consumption -
X15 Water consumption per capita -
X16 Water consumption per 10,000 yuan of GDP -

Note: "+" and "-" in Table 1 are the positive and negative properties of indicators respectively. The positive index has a positive influence on the evaluation of water carrying capacity. The
greater the index value is, the greater the water carrying capacity will be. The negative index has a negative impact on the evaluation of water carrying capacity. The greater the index value
is, the smaller the water carrying capacity is.
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Principal Component Analysis of Water
Carrying Capacity in Hebei Province
The data of 16 factors reflecting the water carrying capacity of
Hebei Province from 2009 to 2018 are shown in Table 2. The data
in Table 2 were standardized by SPSS25, and then the
standardized data were analyzed by principal component
analysis. The correlation coefficient matrix of the impact
factors of water carrying capacity (Table 3) and the eigenvalue
and contribution rate of principal components (Table 4) can be
obtained.

As can be seen from Table 3, there is a certain correlation
between the 16 factors. X1With X2, X3, X4 has a strong positive
correlation, and with X10、X15, X16 has a negative correlation;
X2With X3, X4 has a strong positive correlation, and with X10, X15

has a negative correlation; X3With X4 has a strong positive
correlation, and with X15, X16 has a negative correlation;

X4With X10, X14, X15 has a negative correlation; X5With X6,
X11 has a strong positive correlation. X6With X11 has a strong
positive correlation. X7With X10\X15 has a strong positive
correlation. These explain the rationality of principal
component analysis.

TABLE 2 | Economic and water resource status statistics of hebei province from 2009 to 2018.

year X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 X15 X16

2009 7034.4 0.4374 17,026.6 12,311 463 141.16 193.72 20.51 23.71 134.2 150 12.96 2.69 20.15 275 114
2010 7194 0.4450 20,197.1 15,083 526 137.8 193.68 19.73 23.06 134.87 147 12.12 2.87 17.46 270 96
2011 7240.51 0.4560 24,228.2 16,404 493 157.29 195.97 21.49 25.72 132.01 168 11.6 3.62 18.63 271 81
2012 7287.51 0.4680 26,575 19,661 606 235.53 195.33 21.94 25.22 130.99 251 11.94 3.8 18.5 268 74
2013 7332.61 0.4812 28,301.4 23,194 531 175.86 191.29 21.93 25.23 126.35 187 11.29 4.65 18.79 261 67
2014 7383.75 0.4933 29,421.2 26,672 408 106.14 192.82 21.07 24.48 128.45 113 10.72 5.06 19.28 261 65
2015 7424.92 0.5133 29,806.1 29,448 511 135.09 187.19 31.1 22.53 124.18 141 11.05 5 19.5 252 62
2016 7470.05 0.5332 31,827.9 31,750 596 208.31 182.57 28.88 21.94 116.99 217 11.01 6.72 20.71 244 57
2017 7519.52 0.5501 35,964 33,407 479 138.34 181.56 25.37 20.33 114.31 148.97 11.78 8.17 21.75 241 50
2018 7556.3 0.5643 36,010.3 35,311 508 164.04 182.42 26.3 19.08 109.87 167.7 11.21 14.51 22.82 241 50

TABLE 3 | Correlation coefficient matrix of impact factors of water carrying capacity.

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 X15 X16

X1 1.000
X2 0.957 1.000
X3 0.985 0.955 1.000
X4 0.976 0.984 0.966 1.000
X5 0.108 0.055 0.075 0.040 1.000
X6 0.072 0.040 0.099 0.012 0.912 1.000
X7 0.824 0.931 0.810 0.893 0.105 0.017 1.000
X8 0.701 0.741 0.649 0.758 0.280 0.131 0.763 1.000
X9 0.652 0.803 0.622 0.723 0.027 0.137 0.885 0.574 1.000
X10 0.904 0.980 0.915 0.938 0.100 0.106 0.945 0.693 0.831 1.000
X11 0.038 0.000 0.070 0.026 0.906 0.998 0.022 0.090 0.179 0.065 1.000
X12 0.753 0.595 0.700 0.703 0.013 0.047 0.389 0.518 0.132 0.489 0.077 1.000
X13 0.793 0.874 0.801 0.809 0.010 0.040 0.778 0.484 0.821 0.910 0.008 0.407 1.000
X14 0.639 0.825 0.688 0.740 0.136 0.029 0.834 0.527 0.832 0.880 0.069 0.168 0.862 1.000
X15 0.941 0.987 0.928 0.974 0.109 0.046 0.966 0.774 0.815 0.970 0.008 0.573 0.818 0.788 1.000
X16 0.981 0.903 0.982 0.939 0.139 0.140 0.736 0.658 0.503 0.845 0.113 0.793 0.712 0.553 0.882 1.000

TABLE 4 | Eigenvalues and contribution rates of principal components.

The eigenvalue Percentage of variance Cumulative %

1 10.445 65.283 65.283
2 2.964 18.523 83.806
3 1.435 8.970 92.776

TABLE 5 | Factor loading matrix.

1 2 3

X1 0.960 0.039 0.242
X2 0.998 0.027 0.014
X3 0.953 0.045 0.203
X4 0.985 0.035 0.139
X5 0.089 0.955 0.073
X6 0.062 0.981 0.100
X7 0.932 0.037 0.236
X8 0.761 0.151 0.069
X9 0.797 0.209 0.493
X10 0.981 0.020 0.154
X11 0.020 0.983 0.090
X12 0.613 0.020 0.750
X13 0.872 0.076 0.237
X14 0.809 0.171 0.464
X15 0.989 0.002 0.028
X16 0.907 0.113 0.362

Frontiers in Environmental Science | www.frontiersin.org October 2021 | Volume 9 | Article 7610585

Wang et al. Water Carrying Capacity

https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles


As can be seen from Table 4, the cumulative contribution
rate of the first three principal components reaches 92.776%,
which can be considered as the main factor affecting the
water carrying capacity. Therefore, the first, second, and third
principal components are selected to analyze the water
carrying capacity of Hebei Province, and the loads of each
variable on the first, second, and third principal components
are calculated.

As can be seen from Table 5, the first principal component has
a strong statistical significance with X1, X2, X3, and X4, and is
negatively correlated withX7, X15, and X16. This shows that the
population and social and economic development level are the
main factors affecting the carrying capacity of water resources in
Hebei Province. The total population of Hebei increased from 70,
344, 000 in 2009 to 755,563,000 in 2018. With the increase of
population, the demand for water resources also gradually
increased, and the contradiction between water resources
supply and demand intensified. Hebei’s GDP in 2018 was
360.03 billion yuan, 111.49 % higher than 1702.66 billion yuan
in 2009. Investment in fixed assets was 3.53109 trillion yuan in
2018, an increase of 186.84 percent over the 123.05 billion yuan in
2009. At the same time, with the rapid development of social
economy, the consumption of water resources is increased, and
the carrying capacity of water resources is under great pressure.

The second principal component and the third principal
component have a strong positive correlation with X5, X6, X11,
and X13, mainly reflecting the natural status of water resources.
Hebei province is a big agricultural province with a large amount
of agricultural water consumption. However, Hebei province is
located in the semi-arid region of North China and is inherently
deficient in water resources. In 2009, the total amount of water
resources was 14.116 billion m3. In 2012, the best year, the total
water resources was 23.553 billion m3, the total amount of water
resources varies greatly from year to year, thus affecting the
stability of the water carrying capacity.

Through factor analysis, the component scoring coefficient
matrix (factor scoring coefficient) is obtained. Table 6 lists the
coefficient vectors of standardized variables in the analytical

expressions of the three main components. We can write the
expression of common factors (F1, F2, and F3 represent the three
common factors, and ZX1∼ZX6 respectively, represent the
variables after the standard normal transformation):

F1� -0.029*ZX1+0.083*ZX2-0.014*ZX3+0.018*ZX4+0.002*
ZX5+0.011*ZX6-0.171*ZX7+0.023*ZX8-0.274*ZX9-0.138*ZX10+0.003*
ZX11+0.266*ZX12+0.168*ZX13+0.261*ZX14-0.087*ZX15+0.086*ZX16

Same thing with F2 and F3.
According to the formula, the comprehensive score of the

water carrying capacity of Hebei Province can be obtained (see
Table 7). The positive score means that the value is higher than
the average level at the time of the study, while the negative score
means that the value is lower than the average level. The larger the
comprehensive score value is, the stronger the carrying capacity
of water resources is, and conversely, the weaker the carrying
capacity is.

As can be seen from Table 7, with the passage of time, the
carrying capacity of water resources in Hebei province presents
an increasing trend year by year, this is mainly due to the
advancement of urbanization, the increase in Gross Domestic
Product (GDP) and population, consumption, and increasing
demand for water matched by increased water use efficiency and
the ability to deal with sewage gradually, in addition, the constant
improvement of the consciousness of water-saving among people,
to some extent, also can improve the bearing capacity of water
resources.

Comparative Analysis of Water Carrying
Capacity of Various Cities in Hebei
Province
Due to the serious uneven spatial and temporal distribution of
water resources in Hebei Province, this uneven distribution has
further reduced the effective supply of water resources. In order to
better understand the carrying capacity of water resources in
Hebei Province, this paper also selected the average data of the
cities in Hebei province in the past 10 years, and compared and
analyzed the differences of carrying capacity of water resources
among cities in Hebei Province. The selected index system
includes X1 (total population at year end), X2 (GDP), x3 (Per
capita GDP), x4 (The per capita disposable income of urban
residents), X5 (The farmers’ average net income), X6 (Per capita

TABLE 6 | Component score coefficient matrix.

1 2 3

X1 −0.029 0.190 −0.002
X2 0.083 0.050 −0.003
X3 −0.014 0.168 0.003
X4 0.018 0.133 −0.019
X5 0.002 −0.014 0.326
X6 0.011 −0.031 0.337
X7 −0.171 0.077 −0.011
X8 0.023 0.086 0.048
X9 −0.274 0.230 0.026
X10 −0.138 0.027 −0.024
X11 0.003 −0.028 0.336
X12 0.266 −0.449 0.065
X13 0.168 −0.082 −0.002
X14 0.261 −0.213 −0.016
X15 −0.087 −0.042 −0.006
X16 0.086 −0.255 −0.013

TABLE 7 | Comprehensive scores of water carrying capacity in Hebei Province
from 2009 to 2018.

year F1 F2 F3 F Ranking

2009 0.1680 1.7810 0.5065 0.2863 7
2010 0.5338 0.5681 0.2879 0.5169 9
2011 0.7925 0.1164 0.1279 0.5468 10
2012 0.5327 0.0941 1.9148 0.2085 5
2013 0.5986 0.5214 0.3820 0.2802 6
2014 0.7331 1.0468 1.6317 0.4646 8
2015 0.0821 0.8499 0.4256 0.0707 4
2016 0.4276 0.4943 1.2952 0.5248 3
2017 1.1706 0.1564 0.5332 0.7409 2
2018 1.5066 0.4292 0.0790 0.9668 1
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water consumption), X7 (Total water resources), X8 (Total water
supply), X9 (Industrial water consumption), X10 (Agricultural
water consumption), X11 (Urban environmental water
consumption), X12 (Water consumption per 10,000 yuan OF
GDP), X13 (Development and utilization rate of water resources),
X14 (rainfall). The original data of different regions from 2009 to
2018 are shown in Table 8.

It can be seen from Table 9, the cumulative contribution rate
of the first four principal components reached 91.454%. This can
be considered as the main factor affecting the carrying capacity of
water resources. Therefore, the first, second, third and fourth
principal components are selected to analyze the carrying
capacity of water resources in all regions of Hebei province,
and the loads of each variable on the first, second, third and
fourth principal components are calculated.

As it can be seen from Table 10, there is a strong positive
correlation between x2、x8、x9、x10, indicating that agricultural,
social, and economic development level are the main factors
affecting the water carrying capacity of all cities in Hebei
Province. The development of cities in Hebei province is
based on agriculture, and agricultural development consumes
large amounts of water resources and causes great pressure on the
carrying capacity of water supply resources. The second principal
component has a strong positive correlation with x7 and x14.
There is a strong positive correlation between the third principal
component and x1.

Through factor analysis, it is concluded that component score
coefficient matrix (coefficient of factor score), Table 11 lists the
four main composition analytic expressions of the standardized
variable coefficient vector, we can write a common factor
expression (F1, F2, F3, and F4 represent four common factors,
ZX1∼ZX14 represent the standard normal after the
transformation of variables):

F1� -0.014*ZX1+0.149*ZX2+0.365*ZX3+0.200*ZX4+0.189*ZX5+
0.103*ZX6+0.018*ZX7+0.045*ZX8+0.070*ZX9+0.158*ZX10-0.224*ZX11

-0.159*ZX12-0.023*ZX13+0.034*ZX14

Same thing with F2、F3, and F4.
According to the formula and principal component calculation, the

comprehensive score of water carrying capacity in Hebei province can
be obtained (see Table 12). The positive score means that the value is

TABLE 8 | Initial values of comprehensive evaluation indicators in Hebei province from 2009 to 2018.

x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 x14

Tangshan 758.63 5749.62 74,341.7 28,006.7 12,353.5 102.608 20.22 7.7163 1.565 5.082 0.1906 14.47 0.359 83.11
Shijiazhuang
city

1049.665 4862.79 46,085.2 24,994.6 9926.2 52.903 17.452 5.88876 0.88439 1.5907 0.826 12.095 0.362 69.63

Cangzhou
city

755.779 2974.474 73,432.3 23,640.05 9023.5 20.446 10.739 0.79037 0.25193 0.2081 0.045 2.895 0.088 76.13

Handan 932.56 2988.86 30,539.6 23,236 9796.4 18.423 10.172 1.9595 0.84264 0.164 0.27 6.34 0.189 60.63
Baoding 1062.795 2661.94 25,425.3 20,676.2 9178.5 20.704 22.408 1.72409 0.4191 0.534 0.203 6.772 0.079 116.61
Langfang 445.319 2075.65 46,018.5 27,969.8 11,750.8 39.883 6.642 1.7608 0.28686 0.884 0.105 9.955 0.299 34.67
Qinhuangdao 303.964 1204.296 39,725.4 25,097.3 9541.5 71.139 15.647 2.15639 0.61526 0.661 0.181 17.889 0.164 51.53
Zhangjiakou 440.18 1266.733 28,815.6 20,700.3 7134.8 33.709 14.622 1.54373 0.47891 0.764 0.039 12.757 0.106 154.24
Chengde 377.99 1238.334 32,919.6 19,668.54 6932.26 29.071 22.033 1.283 0.47766 0.233 0.019 9.599 0.054 199.75
Hengshui city 447.69 1130.71 25,316.1 19,948.1 7908 25.271 6.075 1.12486 0.33104 0.524 0.076 11.274 0.222 45.27
Xingtai 721.95 1653.724 22,874.1 20,316.5 8011.1 19.2 12.099 1.40052 0.3828 0.4715 0.2415 9.296 0.144 63.01

TABLE 9 | Characteristic values and contribution rates of principal components in
each region of Hebei Province.

The eigenvalue Percentage of variance Cumulative %

1 7.145 51.034 51.034
2 2.286 16.330 67.364
3 2.116 15.118 82.481
4 1.302 9.300 91.782

TABLE 10 | Factor loading matrix.

1 2 3 4

x1 0.331 0.011 0.920 0.047
x2 0.879 0.067 0.436 0.148
x3 0.657 0.111 0.034 0.648
x4 0.816 0.378 0.194 0.204
x5 0.834 0.381 0.010 0.188
x6 0.850 0.218 0.456 0.007
x7 0.239 0.892 0.172 0.047
x8 0.952 0.241 0.067 0.123
x9 0.863 0.330 0.011 0.043
x10 0.890 0.238 0.166 0.131
x11 0.507 0.034 0.523 0.599
x12 0.411 0.245 0.704 0.503
x13 0.842 0.338 0.054 0.295
x14 0.334 0.860 0.021 0.217

TABLE 11 | Component score coefficient matrix.

1 2 3 4

x1 −0.014 0.358 −0.248 0.051
x2 0.149 0.147 −0.149 0.072
x3 0.365 −0.233 −0.261 0.053
x4 0.200 −0.107 −0.030 −0.145
x5 0.189 −0.036 −0.080 −0.138
x6 0.103 −0.099 0.215 0.055
x7 0.018 0.074 0.035 0.392
x8 0.045 0.135 0.112 0.076
x9 0.070 0.080 0.098 0.125
x10 0.158 −0.051 0.066 0.103
x11 −0.224 0.450 0.132 -0.087
x12 −0.159 −0.013 0.499 −0.028
x13 −0.023 0.143 0.159 −0.203
x14 0.034 −0.082 −0.029 0.404
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higher than the average level at the time of the study, while the negative
score means that the value is lower than the average level. The larger
the comprehensive score value is, the stronger the carrying capacity of
water resources is, and conversely, the smaller the comprehensice score
value is, the weaker the carrying capacity is.

On the whole, Tangshan, Cangzhou, Langfang, Shijiazhuang, and
other regions with relatively high economic development have
relatively large industrial water consumption. However, with the
reform of industrial technology, industrial water is reused, which
reduces the industrial water consumption. Moreover, with the
deepening of air pollution prevention and control, the
government requires large water users such as metal smelters and
chemical raw material manufacturers to stop production. The
stronger their water resources development and utilization
capacity is, the larger their water carrying capacity is.

Chengde city, Zhangjiakou city, and Baoding city are located in the
vast Bashang grassland, with insufficient regional resources, but
abundant precipitation, and the total water resources are in the
forefront of the province. Their economic level of the province is
in the middle level, but the development is strong and the demand for
water resources is also large, so the carrying capacity of water resources
is in the middle level. Due to the serious shortage of natural water
resources, the total water resources and precipitation of Xingtai city
and Hengshui city are relatively low, and the comprehensive score of
water resources carrying capacity is relatively low.

CONCLUSION

1) Human activities are the main factors of water carrying
capacity change in Hebei Province.

In recent years, the total amount of water resources in Hebei
Province is gradually expanding, but the population is increasing year
by year, the amount of water resources per capita is decreasing, and the
water consumption per capita is increasing year by year. According to
the change trend of water resources in Hebei Province from 2009 to
2018 and the water carrying capacity of various cities in Hebei
Province, the total population, urbanization rate, GDP and fixed
asset investment are the main factors affecting the water carrying
capacity in Hebei Province. With the expansion of human activities

and the development of the social economy to a certain stage,
production activities and living behaviors have a great impact on
the water environment, which ismainlymanifested in the reduction of
total water resources, large water consumption and serious water
pollution.

2) The carrying capacity of water resources in Hebei Province
showed a good trend.

According to the data analysis from 2009 to 2018, the water
carrying capacity grade of Hebei Province is basically developing
towards a good trend, and the carrying capacity of water resources is
gradually improving. However, with the development of the social
economy and the acceleration of urbanization, the contradiction
between supply and demand of water resources will become
increasingly prominent, and the comprehensive utilization of
water resources should be strengthened.

3) There are differences in the carrying capacity of water
resources in 11 cities of Hebei Province

Under the influence of natural conditions and policy factors,
the carrying capacity of water resources in the eastern part of
Hebei is higher than that in the northern and southern parts.
During the 13th Five-Year Plan period, the measures on water
resource environment optimization issued by the government are
positive and effective. During the 14th Five-Year Plan period, it is
necessary to continue to maintain a good momentum of
development, introduce measures to boost the carrying
capacity of water resources in various regions of Hebei, and
narrow the differences between regions.
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TABLE 12 | Comprehensive scores of water carrying capacity of cities in Hebei
Province.

Year F1 F2 F3 F4 F Ranking

Tangshan 2.4473 0.17586 0.92988 0.7411 1.6204 1
Shijiazhuang city 0.0208 2.31078 0.54503 0.167 0.4955 2
Cangzhou city 0.8872 0.7903 2.1027 0.181 0.0120 3
Handan 0.188 0.77635 0.7921 0.547 0.1525 6
Baoding 0.443 0.74457 0.9397 1.0044 0.1669 7
Langfang 0.6072 0.7807 0.0741 1.713 0.0130 4
Qinhuangdao 0.171 0.7973 1.55848 0.407 0.0214 5
Zhangjiakou 0.688 0.7271 0.52184 0.7982 0.3451 9
Chengde 0.571 0.8792 0.01533 1.7953 0.2895 8
Hengshui 0.934 0.3963 0.43077 1.01 0.6212 11
Xingtai 0.967 0.36329 0.0927 0.314 0.5203 10
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