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How to formulate scientific and effective water-saving policies is of great significance for the sustainable water consumption. As a country with the largest water consumption in the world, China has been committed to formulating scientific and effective water-saving policies. However, due to geospatial variations of water consumption in different regions, how to formulate targeted and efficient water-saving policies which suit for different local characteristics has always been a key issue to be solved. In a quest to understand the water consumption patterns, this study first adopted a dual evaluation index system combining Gini coefficient and Global Moran’s Index to classify different types of water consumption. Taking 110 cities in the Yangtze River Economic Belt as research objects, the water consumption of 110 cities was divided into nine types. According to each type, a targeted water-saving policy is given. This study provides important theoretical support for the efficient management of water resources in the Yangtze River Economic Belt, and provides reference for water resources management in other regions at the same time.
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INTRODUCTION
Research background
China is a country with severe drought and water shortage. China’s per capita water resources is only one quarter of the world average. It has been listed by the United Nations as one of the 13 countries with the most water stress. However, China is also a country with the largest water consumption in the world, accounting for about 13% of the world’s annual consumption (UN-water, 2018). China’s water resources situation is severe, therefore effective water resources management is of great significance to China’s sustainable development.
In response to the current problems of over-exploitation of water resources, China strictly controls the excessive growth of total water consumption. To address the current problems of over-exploitation of water resources, China proposed to limit its total water consumption to 700 billion cubic meters by 2030 (CPGPRC (The Central People’s Government of the People’s Republic of China), 2010). The situation of water resource consumption reduction is severe. It is important to carry out refined management of water resources and formulate appropriate policies to efficiently and effectively reduce water consumption.
The Yangtze River Economic Belt is one of China’s most developed regions with an area of about 2.05 million square kilometers. Its population and GDP are more than 40% of the total (EPMC (Environmental Protection Ministry of China), 2017). Working out effective policies to reduce water consumption in the Yangtze River Economic Belt is critical to China achieving its stated goal of controlling total water consumption to 700 billion cubic meters per year by 2030. In addition, the Yangtze River Economic Belt is an important water-out area in China’s South-to-North Water Diversion Project. The research on the patterns of water resource consumption in the Yangtze River Economic Belt is conducive to the formulation and implementation of more effective water-saving policies in this region, which is of great significance for ensuring China’s water security and improving the spatial equilibrium of water resource in China.
Literature review and research gap
In academia, water resources management has always been a research hotspot, and has received widespread attention from scholars worldwide (Bian et al., 2022a). According to the existing literature, research on water resources management mainly focuses on the following four aspects: 1) water resources development and protection, 2) optimal allocation of water resources, 3) watershed non-point source pollution control, and 4) water carrying capacity. Comparatively, there is relatively little research on water consumption. This is because research on water consumption requires a large amount of data on a small scale, which is often difficult to obtain. However, research on water consumption is very important and can provide important support for the development of more targeted water resources management policies.
When it comes to water consumption, there is a large degree of confusion between these concepts: water consumption, water use, water withdrawal and water demand. One has to be careful when using these concepts (Bian et al., 2022b). The contents of these concepts are slightly different. Water use refers to the actual amount of water resources used at a certain period of time or in a region or for a specific production activity. Water withdrawal generally refers to the amount of water extracted from a water source within a certain period of time or in an area for a specific production activity. Water demand refers to the amount of water resources required for a specific time or in a region for a specific production activity (Gleick, 2003).
Water consumption has two separated meanings: 1) The relatively narrow understanding, which refers to the amount of water resources that evaporate and infiltrate in an irreparable loss. 2) The widely understood concept of water consumption which refers to the actual water usage at a certain period of time for a specific production activity. The concept of water consumption used in this study refers to the later one.
In order to find out the factors that affect water consumption, some researches in recent years have focused on the driving factors of water consumption. Jaramillo and Destouni (2015) studied the relationship between the extensive use of dam construction and irrigation facilities and the consumption of water resources based on the hydrological and climatic observations of 100 large hydrological basins around the world. Compared with the years from 1901 to 1954, the per capita consumption of fresh water resources increased significantly from 1955 to 2008. Long et al. (2019) used the logarithmic mean Divisia index to decompose the driving factors of water consumption in China’s provinces from 2000 to 2015. The results are as follows: 1) In the agricultural field, technological progress and population mobility are the main reasons for the decline in water consumption. 2) In the industrial sector, advances in industrial technology have contributed to the decline in water consumption. 3) In the residential sector, technological advances in household appliances have contributed to the decline in water consumption. At the same time, per capita income is a major factor that affects water consumption. Studies have also shown that water consumption is strongly related to the level of economic development (Fercovic et al., 2019). Sauri (2019) has studied the driving factors of the significant decline in water consumption in some major Spanish cities between 2003 and 2016. The study believes that the driving factors that caused the decline in water consumption are multifaceted. The study also discussed the different degrees of economic, technological, and behavioral aspects driving the decline in water consumption.
Another research area of water consumption is water use efficiency. For example, Hu et al. (2006) applied data envelopment analysis to study the efficiency of water resources use in China from 1997 to 2002, taking the provincial level as the research scale. They found that water efficiency in central areas of China is the worst. In central China, more efficient production processes and advanced technologies are needed to improve water efficiency. Deng et al. (2016) evaluated water efficiency of 31 provinces in China from 2004 to 2013 by using slack based measure-data development analysis. Wang et al. (2015) studied the relationship between the water efficiency of China’s regional industrial systems and the emission reduction costs of related pollutants based on the relaxation variable method.
Other studies have focused on two parts. On one hand, water consumption research is concentrated in some special industries, such as water consumption in aquaculture (Lebel et al., 2019), rice planting (Silalertruksa et al., 2017), and power generation (Chang et al., 2015). On the other hand, water consumption research focuses on water consumption and other related fields, such as virtual water (Zhang et al., 2019), water use efficiency (Freire-González, 2019), sewage treatment (Risch et al., 2014), water footprints (Hoekstra and Chapagain, 2006; Boulay et al., 2018), spatial imbalance (Cole et al., 2018), and other studies.
However, research on water consumption is very limited. The only few studies on water consumption focused on households and studied the water consumption in various parts of the household (such as showers, toilets, washing machines, and garden irrigation). Keshavarzi et al. (2006) collected water consumption from 653 households in 33 villages from 1999 to 2004 through a questionnaire survey. They found that household water consumption was significantly related to the number of households and the age of the head of household. The study also found that in rural households, water consumption is related to the area of the garden and the greenhouse, and the frequency of watering. Jethoo and Poonia (2011) used a questionnaire method to investigate the relationship between household water consumption and household income in Jaipur City, India. The study found that these two aspects are highly correlated. Willis et al. (2013) used a combination of both actual monitoring and questionnaires to study the different performances of water consumption in households located in different socioeconomic states and those with different number of users of facilities such as the kitchen, toilet, washing machine, shower etc., and gave out a number of water conservation recommendations.
Even though, research on water consumption is very limited, based on the analysis of the existing literature above, we find that research on water consumption has attracted more attention in recent years. Furthermore, research on water consumption is mostly focused on the study of driving factors, water efficiency, water consumption in some special industries, water consumption and other research in related fields, and very little research on the patterns of water consumption. From the view of research scale and data acquisition methods, the research on water consumption driving factors and water efficiency are mainly concentrated on the provincial scale or industry scale. The data is generally obtained through national statistical yearbooks, while for research on water consumption patterns concentrated on the household scale, the data is obtained by questionnaires or combined with actual monitoring.
However, research on water consumption at the provincial and industry scales is generally difficult to formulate water resources management policies for different regions due to the large research scale. The research on water consumption on a household scale does not take into account other aspects such as agricultural water use, industrial water use, and eco-environment water use. It also has no reference value when formulating water management policies for different regions. Therefore, because studying the consumption of water resources at the city scale takes into account all the water consumption channels in the city, it can provide a reliable basis for effective water resources management, help to formulate targeted policies, and be more targeted, thus can reduce water consumption.
Because the characteristics of water consumption in different cities vary, it is very necessary to figure out the key differences in water consumption in different cities and clarify the water consumption patterns, so that more effective localized policies can be formulated and implemented. When studying water consumption patterns in different cities, it is necessary to take the differences in water consumption in different areas of the city into account, in order to formulate water resources management policies for the main water consumption areas. And in order to formulate water resources management policies with different regional characteristic, it is also necessary to take full account of the spatial distribution characteristics of regional water consumption. In other words, both the quantitative and spatial differences in water consumption in different areas of the city should be fully considered.
The main work and innovations
This study evaluates the water consumption patterns of 110 cities in the Yangtze River Economic Belt and compares the difference in the amount of water resources as well as the spatial variations in water use within the cities. We used Gini coefficient to characterize the amount of water resources in different areas of the city and Global Moran’s I (index) to characterize the regional differences in water consumption in different regions of the city. Based on the calculation results of Gini coefficient and Global Moran’s I, the water consumption patterns of 110 cities in the Yangtze River Economic Belt are divided. For different types, more specific water resource management recommendations are given, which will provide important support for minimizing water consumption in the Yangtze River Economic Belt. At the same time, this study can provide reference for water resources management and control in other regions.
MATERIALS AND METHODS
Study area
The research area in this study is the Yangtze River Economic Belt. The Yangtze River Economic Belt is one of the most developed regions in China. It is a strategic water source for China’s water resources allocation, an important strategic base for clean energy, and a natural treasure house of rare aquatic life (EPMC (Environmental Protection Ministry of China), 2017). It has a very important strategic position in environmental protection. The Yangtze River Economic Belt covers 11 provincial-level administrative regions including Shanghai, Jiangsu, Zhejiang, Anhui, Jiangxi, Hubei, Hunan, Chongqing, Sichuan, Yunnan and Guizhou, including the Yangtze River Delta urban agglomeration, urban agglomeration in the middle reaches of the Yangtze River, and the Chengdu-Chongqing urban agglomeration. The eastern region of the Yangtze River Economic Belt includes Shanghai, Jiangsu, and Zhejiang. It is the core component of the Yangtze River Delta and the most economically developed region in the Yangtze River Economic Belt. The central region includes Hubei, Hunan, Jiangxi, and Anhui. The region has abundant natural resources and convenient transportation. The central region has obvious advantages in grain production, strong industrial foundation, and good conditions for accelerating economic and social development. Western region includes Chongqing, Sichuan, Yunnan, Guizhou, and is rich in hydropower, minerals, and biological resource. The Yangtze River Economic Belt plays an extremely important role in China’s economic and social development and ecological environment protection.
The Yangtze River Economic Belt covers 11 provincial-level administrative regions including 130 prefecture level cities. Considering the accuracy of Global Moran’s I, a city needs to have at least 4 second-tier cities. In this study, we chose 110 of 130 cities in the Yangtze River Economic Belt as research objects as presented in Table 1.
TABLE 1 | 110 selected cities and 20 unselected cities in the Yangtze River Economic Belt.
[image: Table 1]Data collection
Data on water resources planning and management normally comes from Statistical Yearbooks or Water Resources Bulletins. However, the data in the Statistical Yearbook and Water Resources Bulletin is on city scale, but in order to formulate more targeted and localized policies, smaller level, like sub-cities level data has been required. But this data is usually not available in Statistical Yearbooks and Water Resources Bulletins. Data in the study is the water consumption data of all sub-cities of the 110 cities in the Yangtze River Economic Belt in 2015. This data has been obtained by an investigation among the water resources planning and management department of the local government of these 110 cities. After we obtained the water consumption data of all the sub-cities of the 110 cities in the Yangtze River Economic Belt in 2015, we obtained water consumption data of the 110 cities at the same time. And then, a comparison between water consumption data of the 110 cities in 2015 that we obtained and water consumption data of these 110 cities that in the Water Resources Bulletin have been carried out. If they are not equal, we reinvestigated. The amount of water collected included agricultural water, industrial water, domestic water, and ecological water.
Patterns classification of water consumption by adopting two statistics
In order to achieve better management of water resources, the common way is to evaluate water carrying capacity or water efficiency. The core of water resources carrying capacity evaluation is to find the population or economic scale of the largest amount of water that can be carried by the water resources in a certain area. The core of water efficiency is to find the way to obtain the maximum output with the least water resources input. When evaluate water resources carrying capacity, both the consumption and the supply of water resources have been taken into consideration comprehensively. While assess water efficiency, the relationship between the consumption of water resources and the output (generally economic benefits) has been comprehensively considered.
Both water carry capacity and water efficiency provide a solid foundation and theoretical basis for water resources management. The research focus on water resources carrying capacity is to pay attention to whether the overall state of the city exceeds the threshold that the regional water resources can bear. Although the unevenness of the spatial distribution of water resources has been considered by water carrying capacity evaluation, the quantitative dimensions have not been researched. Water efficiency focuses on the relationship between water consumption and the output (generally refers to economic benefits). It takes the quantitative unevenness of water consumption into account without considering the spatial imbalance of water consumption. Neither water carrying capacity nor water efficiency has taken full account of water consumption patterns. However, water consumption patterns in different regions are not the same. Only by fully researching water consumption patterns in different regions, can more effective comprehensive water resources management and control strategies be formulated.
Therefore, we adopt the method proposed by Liu et al. (2019) when studying the carbon dioxide emission patterns. Two indicators have been selected in their research. The two indicators are Gini coefficient and Global Moran’s I. Gini coefficient is used to represent the unevenness in quantity; Global Moran’s I is used to represent the special unevenness. Based on these two indicators, it is possible to study the water consumption patterns of 110 cities in the Yangtze River Economic Belt. By classifying different urban water consumption patterns, targeted measures are given for each category.
Gini coefficient
Gini coefficient is a term of economics, which refers to a common indicator used internationally to measure the income gap of residents in a country or region. The maximum Gini coefficient is “1” and the minimum is equal to “0”. In economics: the closer Gini coefficient is to 0, the more equal the wealth distribution is; when Gini coefficient is larger, the gap between the rich and the poor is larger. Gini coefficient has been introduced in other research fields, such as carbon dioxide emissions, water resources and other fields, to study the quantitative distribution characteristics. The larger Gini coefficient, the more uneven the distribution, and vice versa. We also use water consumption of sub-cities to fit the Lorentz curve, assuming that the area enclosed by the Lorentz curve and the two axes is SB. And assuming that the area enclosed by diagonal and the two axes is SA + B. Since the range of the coordinate axis is 0–1, the area of SA + B is 0.5. Gini coefficient is defined as (SA + B–SB)/SA + B. In this study, it is assumed that the Lorentz curve satisfies LC = αPβ. Then, regression analysis is performed through water consumption data to obtain the values of α and β. Suppose the values of α and β are x and y, respectively. Then, SB can be calculated by the following formula:
[image: image]
Gini coefficient can then be expressed as:
[image: image]
From the formula above, Gini coefficient of water consumption in each city is calculated by a python program. In general, the larger Gini coefficient, the more polarized the quantity of water consumption.
Global Moran’s I
Global Moran’s I is an index that reflects spatial autocorrelation, and it has been widely used. Global Moran’s I is a maximum of “1” and a minimum of “−1”. If Global Moran’s I is greater than 0, indicating a positive spatial correlation. The larger the value is, the more obvious the spatial correlation. When Global Moran’s I is less than 0, it indicates a negative spatial correlation. And the smaller the value is, the greater the spatial difference is. If Global Moran’s I is equal to 0, it means that the spatial distribution of data is random. Global Moran’s I has been calculated by spatial autocorrelation analysis in the ArcGis software toolbox.
The method for classification
In order to classify water consumption patterns of 110 cities in the Yangtze River Economic Belt, both Gini coefficient and Global Moran’s I of the water consumption of 110 cities in the Yangtze River Economic Belt have been calculated, by adopting Natural Breaks, Gini coefficient and Global Moran’s I has been divided into 3°. Then, based on a two-dimensional Cartesian coordinate system, we have obtained nine types of water consumption patterns (see Figure 1). Natural Breaks is a grading and classification method according to the statistical distribution of numerical statistics. It can maximize the difference between classes. It is worth noting that among these 9 types, there is none that is better than the others.
[image: Figure 1]FIGURE 1 | Classification method for water consumption patterns.
RESULTS AND DISCUSSION
Water consumption of 110 cities in the Yangtze River Economic Belt in 2015
Figure 2 shows the location of the three major urban agglomerations of the Yangtze River Economic Belt and the water consumption of the 877 sub-cities in the Yangtze River Economic Belt in 2015. It can be seen that water consumption is related to the distribution of urban agglomerations.
[image: Figure 2]FIGURE 2 | Water consumption of sub-cities in the Yangtze River Economic Belt (2015). Unit: 10,000 cubic meters.
Figure 3 shows the water consumption of 110 cities in the Yangtze River Economic Belt in 2015.
[image: Figure 3]FIGURE 3 | Consumption of water resources at the city scale in the Yangtze River Economic Belt (2015) Unit: 10,000 cubic meters.
The quantitative pattern of water consumption
The calculation results of Gini coefficients of 110 cities in the Yangtze River Economic Belt are shown in Figure 4. On the whole, Gini coefficients of 110 cities are almost all less than 0.5. From this result, we can draw two conclusions. Firstly, because Gini coefficient varies from 0 to 1, and Gini coefficients of 110 cities are almost in the range of 0–0.5, indicating that Gini coefficients of water consumption in 110 cities are not much different. Secondly, it can be seen that the water consumption of each region in each of the 110 cities does not vary greatly in quantity, and there is no one area or several areas that consume the entire city plays a decisive role, so we cannot reduce the overall water consumption of the city by controlling the water consumption of certain areas in the city.
[image: Figure 4]FIGURE 4 | Gini coefficient of 110 cities (2015).
Although Gini coefficients of the 110 cities are not much different, Gini coefficients of water consumption in different cities still have the following differences. For example, Gini coefficient of water consumption in Liangshan is the largest, slightly exceeding 0.5, and is 0.5082, indicating that the water consumption in various areas within the city of Liangshan has the largest difference in quantity. In 110 cities, with the exception of Liangshan, Gini coefficient of water consumption in other cities are all less than 0.5. The top 10 cities with the highest Gini coefficients are Liangshan, Leshan, Zhenjiang, Nujiang, Wuhan, Xiangyang, Yichun, Shanghai, and Chizhou. For the two municipalities Shanghai and Chongqing, Gini coefficients of water consumption are 0.4545 and 0.3420 respectively. Gini coefficients of water consumption of 13 cities in Hunan Province are almost in the range of 0.1–0.3.
From the perspective of the spatial distribution of water consumption in 110 cities, the regions with severely polarized water consumption in 110 cities in the Yangtze River Economic Belt are concentrated in the east and west of the Yangtze River Economic Belt, as shown in Figure 5. The highly polarized areas are almost all concentrated within the three major urban agglomerations of the Yangtze River Economic Belt (the locations of the three major urban agglomerations in the Yangtze River Economic Belt are shown in Figure 2). Such distribution characteristics may be one of the effects of the implementation of the Yangtze River Economic Belt strategy by the Chinese central government in 2014. In addition, it can be seen from Figure 5 and Figure 2 that the polarization phenomenon and water consumption have a great correlation with the location of the three major urban agglomerations in the Yangtze River Economic Belt. In 2018, General Secretary of China Xi Jinping pointed out, “the Yangtze River has a unique ecosystem and is an important ecological treasure trove of our country. For a long period of time now and in the future, we must put the restoration of the Yangtze River ecological environment in an overwhelming position.” This shows the Chinese government’s determination to improve the restoration of the ecological environment of the Yangtze River.
[image: Figure 5]FIGURE 5 | The spatial distribution of Gini coefficient of 110 cities (2015).
The spatial pattern of water consumption
Judging from the results of Global Moran’s I on the water consumption of 110 cities in the Yangtze River Economic Belt, Global Moran’s I is between 0–1 and 0–1. The city with the largest Global Moran’s I is Yichang, it is 0.6443; the second is Ji’an, it is 0.6205; and the third is Lishui, it is 0.6028. There are 44 cities with a positive Global Moran’s I. The larger Global Moran’s I indicates that the city’s water consumption is agglomerated the city’s water consumption. In other words, as the spatial distribution of the location is gathered, the correlation of water consumption is more significant. There are 66 cities with negative Global Moran’s I, the smallest are Dazhou, Dehong, Jingmen, and their Global Moran’s I are −0.969401, −0.96612, −0.91164, which are all close to −1.0, indicating that the water consumption situation shows a discrete phenomenon meaning as the spatial distribution location is discrete, the correlation of water consumption becomes significant. Because Global Moran’s I of 110 cities in the Yangtze River Economic Belt is distributed in the range of 0–1 and 0–1, we can draw the conclusion that the water consumption of these 110 cities in terms of water consumption spatial autocorrelation is different, but this different trend of spatial autocorrelation is temporarily uncertain (Figure 6). To determine this trend, one needs to obtain water consumption data on the sub-cities scale of these 110 cities over a long period of time.
[image: Figure 6]FIGURE 6 | Global Moran’s I of 110 cities (2015).
The spatial distribution of Global Moran’s I of water consumption in 110 cities in the Yangtze River Economic Belt is shown in Figure 7. As can be seen from Figure 7, the regions with high, medium, and low global Moran indices are scattered. The areas with high Global Moran’s I and low areas are distributed in the east, middle and west of the Yangtze River Economic Belt, while the areas with medium Global Moran’s I are mainly distributed in the central and western regions of the Yangtze River Economic Belt. The distribution of Global Moran’s I is not significantly related to the distribution of the three major urban agglomerations in the Yangtze River Economic Belt.
[image: Figure 7]FIGURE 7 | Spatial distribution of Global Moran’s I of 110 cities (2015).
City type and policy implications
Based on the classification method given in Part 2, we divided Gini coefficient and Global Moran’s I of the 110 cities in the Yangtze River Economic Belt into three levels by adopting Natural Breaks. Then, in the two-dimensional Cartesian coordinate system composed of Gini coefficient and Global Moran’s I, water consumption patterns of 110 cities in the Yangtze River Economic Belt are divided into nine types, and the classification results are shown in Figure 8. In the image below, each rectangle represents one type. Each pie shape in Figure 8 represents a city, and the colors of the different pie shapes represent the provinces to which the city belongs. The names of the provinces corresponding to each color are shown in Figure 8.
[image: Figure 8]FIGURE 8 | Classification of 110 cities in the Yangtze River Economic Belt based on water consumption in 2015.
As can be seen from Figure 8, each type contains at least one city. Cities tend to be located in the middle of the rectangular coordinate system. The distribution of 110 cities in the Yangtze River Economic Belt in nine types is shown in Table 2. 11 cities belong to type I, four cities belong to type II, five cities belong to type III, and there are 29 cities belong to type IV. Twelve cities belong to type V, 10 cities belong to type VI, 20 cities belong to type VII, 15 cities belong to type VIII, and four cities belonging to type IX.
TABLE 2 | City types and corresponding policy recommendations.
[image: Table 2]It is important to note that when formulating effective policies to reduce water consumption according to different types of consumption patterns, the following principles need to be followed:
1) When Gini coefficient of the city’s water consumption is high, it indicates that the polarization of water consumption in the city is more obvious. In order to effectively reduce water consumption, effective water saving policies needs to be formulated for large water users.
2) When Gini coefficient of the city’s water consumption is low, it indicates that the polarization of water consumption in the city is not obvious. To effectively reduce water consumption, it is necessary to formulate effective water saving policies for all water users.
3) When the city’s water consumption is in a medium Gini coefficient, it indicates that the polarization of water consumption in the city is between obvious and inconspicuous. In order to effectively reduce water consumption, develop effective water-saving policies for major water users (broader users than large water users).
4) When Global Moran’s I of the city’s water consumption is at a high level, it indicates that the city’s water consumption has a significant autocorrelation in space meaning, with the accumulation of spatial distribution locations of the water consumption, the correlation becomes more significant. Therefore, in order to effectively reduce the consumption of water resources, effective water conservation policies should be formulated in several key positions as a priority.
5) When Global Moran’s I of the city’s water consumption is low, it indicates that the city’s water consumption is in a discrete form in space, that is, as the spatial distribution location is discrete, the correlation of water consumption is more significant. In order to effectively reduce the consumption of water resources, priority should be given to effective water conservation policies in some regions.
6) When Global Moran’s I of the city’s water consumption is in a medium state, it indicates that the city’s water consumption is randomly distributed in space. Therefore, in order to effectively reduce water consumption, it should be formulated in all regions. This is targeted water-saving policy.
Based on the principles above, we provide policies that can effectively reduce water consumption for nine different urban water consumption modes, as shown in Table 2. For example, in the cities of type I, water consumption is the most polarized in terms of quantity and the spatial autocorrelation is the worst. Therefore, in order to reduce water consumption to the greatest extent, it is necessary to formulate water conservation for large water users in all regions. When a city is located in type II, water consumption is highly polarized in quantity, and the spatial autocorrelation is in a medium state. It is necessary to formulate water-saving policies for large water users in some areas.
From the perspective of the provinces, the cities of Hunan Province are mainly distributed in Type IV, indicating that the polarization of water consumption in various cities in Hunan Province is at a medium level. Cities need to prioritize water conservation policies for key water users in all regions. However, the distribution of cities in other provinces in the two-dimensional rectangular coordinate system does not show obvious distribution rules.
CONCLUSION
Water consumption patterns of different regions are not the same. Only by fully researching water consumption patterns in different regions can more effective comprehensive water resources management and control strategies be formulated. According to the characteristics of different regions, it is necessary to formulate different and more effective water—saving policies.
Consequently, this study introduced Gini coefficient and Global Moran’s I, and divided each index into three levels by adopting Natural Breaks. In this way, all cities in the two-dimensional Cartesian coordinate system composed of Gini coefficient and Global Moran’s I. The water consumption patterns can be divided into nine types. On the one hand, from the perspective of Gini coefficient: cities with high Gini coefficients indicate that there is a significant polarization in the amount of water consumed. Therefore, by effectively managing large water users, it is possible to achieve overall reductions in water consumption. For cities with lower Gini coefficients, it means that the water consumption in those cities is less quantitative in quantity, because in order to effectively reduce water consumption, it is necessary to formulate water conservation policies for all water users. On the other hand, from the perspective of Global Moran’s I: cities with a high Global Moran’s I indicate that there is a clear spatial autocorrelation phenomenon in water consumption, and therefore effective water conservation policies need to be formulated in several key locations and for cities where Global Moran’s I is low, it shows that the city’s water consumption is spatially discrete. In order to effectively reduce water consumption, priority should be given to effective water conservation policies in some areas. This study uses the above methods to divide the water consumption patterns of 110 cities in the Yangtze River Economic Belt into nine types in 2015. Based on the above principles, targeted water conservation is given to cities that belong to each type of water consumption pattern.
At the same time, through the visualization of nine types of water consumption patterns of 110 cities in the Yangtze River Economic Belt, it was found that 110 cities belonged to the largest number of types IV, VII, and VIII. A large number of cities are located in the lower left corner of the two-dimensional Cartesian coordinate system, indicating that these cities belong to a state where the polarization phenomenon is not obvious and the spatial distribution is discrete. For this type of city, it is necessary to formulate sections for all water users in all regions.
This study provides important technical and theoretical support for effectively reducing water consumption in cities in the Yangtze River Economic Belt. At the same time, this research can provide reference significance for the formulation of policies on water consumption in other regions or cities. It is hoped that the methods used in this research can be widely applied in future research.
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Fuzhou, Ganzhou, Ji'an, Jiujiang, Nanchang, Pingxiang, Shangrao, Yichun

Enshi, Huanggang, Jingmen, Jingzhou, Shiyan, Wuhan, Xianning, Xiangyang, Xiaogan, Yichang

Anshun, Bijie, Guiyang, Liupanshui, Qiandongnan, Qiannan, Qianxinan, Tongren, Zunyi

Abazhou, Bazhong, Chengdu, Dazhou, Deyang, Garze, Guangan, Guangyuan, Leshan, Liangshan,
Luzhou, Meishan, Mianyang, Nanchong, Neijiang, Ya'an, Yibin, Ziyang

Shanghai
Chongging
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Unselected cities
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Zigong, Suining, Panzhihua

Diging, Xishuangbanna

Huaibei, Huainan, Tongling, Chaohu

Zhangjiajie

1) Shanghai and Chongging are municipalities dircctly under the Central Government. 2) In the brackets of the first column, there are two numbers. The first number is the number of cities
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