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Abstract

:

As the principal part of economic and social development, the demographic factor is the fundamental factor driving the change of water resources, and achieving the harmony of human and water has been one of the most important tasks to promote high-quality development. Based on Maslow’s hierarchy of needs theory, this article applied panel data for 19 years and employed impulse response functions and threshold models to do a mechanism analysis of the impact of population structure changes on the water consumption changes of the three main industries. The study found the following: Firstly, the urban population promotes an increase of the total water consumption, industrial water consumption, and domestic water consumption, which suppresses agricultural water consumption and shows an inverted “N” trend. Secondly, the aging population has expanded the total water consumption, and agricultural and domestic water demand, and reduced industrial water consumption. Thirdly, food consumption helps to reduce the total water consumption and agricultural water consumption, but increases the industrial water consumption and the growth rate rises. Fourthly, the increase in the proportion of agricultural employment reduces the total water consumption, and agricultural and domestic water consumption, and increases industrial water consumption. Fifthly, the total water consumption and domestic water consumption both increase with the improvement of the population education level, while the agricultural water consumption declines first and then rises. The empirical results can provide a reference for analyzing the driving mechanisms of regional water consumption changes.
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1. Introduction


The IPCC (Intergovernmental Panel on Climate Change) Assessment Report, Climate Change 2021: The Physical Science Basis, reveals that the ecological environment is deteriorating, and water resources, as the basic resource for carrying human civilization, are a fundamental need for human survival and development, and water scarcity will seriously restrict the sustainable development of mankind. China’s water resources are characterized by an abundance of total water resources, scarce in per capita, and large differences in spatial and temporal distribution. Rapid industrialization and urbanization have led to a rapid increase in water consumption (Figure 1), threatening China’s water security. As the main body of economic and social development, the demographic factor is the fundamental factor driving changes in water consumption, and there is a high degree of consistency between total water consumption and per capita water consumption (Figure 1). At present, water resources have become the main indicator to measure the regional population carrying capacity [1]. With the change of China’s population structure, a comprehensive study of the relationship between the change of population structure and water consumption will be conducive to exercising the green development concept of harmony between people and water, as well as the ecological civilization construction, and also help to further promote economic and social sustainable development. To this end, based on Maslow’s demand hierarchy theory, the PVAR (panel vector auto-regression) model and the threshold model were used to analyze the multi-dimensional impact of demographic changes on industrial water consumption, and it was found that there were variabilities in the impact of demographic changes on the water consumption of different industries.



Facing an expanding population and limited freshwater resources, many scholars have studied the factors and mechanisms affecting water resource utilization from the demographic perspective. Hydraulic civilization has been one of the characteristics that highlight cultural development since the Minoan era; Wittfogel [2] and Butzer [3] researched ancient civilizations such as Greece and China and discovered that water conservancy was a basic guarantee for the development of ancient civilizations. It is a basic need for human survival to provide sufficient water for emerging towns to meet religious and social needs [4], but it also limits the development of regional population size due to water carrying capacity [5]. Therefore, scholars have studied the hierarchy of water needs with the help of Maslow’s hierarchy of needs theory. Marshall and Kaminsky [6] studied the issue of achieving sustainable water development by combining different stages of Maslow’s motivation of needs theory and found that successful water management strategies tend to focus on higher level needs and are able to address multiple needs. Melloul and Collin [7], while studying meeting society’s needs for sustainable water management, proposed a pyramidal hierarchy of water needs based on Maslow’s hierarchy of needs theory, arguing that higher levels of needs will not exist until the lower levels of water needs are met; they also argued that an operable water management plan can effectively coordinate the social needs of the resident population. Crouch et al. [8] studied the absolute basic consumption of individuals and developed a 21-item theoretical model that randomly describes individual water use activities based on the lifestyle level of Maslow’s physiological demand hierarchy, which was applied to the formulation of strict water restriction policies. In addition, the security of water consumption also depends on the construction of well-established water networks and high-quality water services [9,10]. Meanwhile, foreign scholars rely on the micro data of families to analyze the utilization of water resources. They think that when families are taken as units, the new and old housing [11], housing area [12], bathing facilities [13], and income [14] will all affect water resource utilization. Fuentes et al. [15] further studied the age structure of the family and found that the amount of hot water consumption in the family is closely related to the age structure. The amount of water consumption in the family was the highest when the family is composed of two young adults, and showed a downward trend when the average age of the family increased [16]. However, Chenoweth et al. [17], in a survey in the UK, found that the number of adults, minors, and the total number of family members had a certain inhibiting effect on water consumption per capita, while the number of elderly people increased water consumption. In addition, studies by foreign scholars also show that population size is the main driving force for the increase in water consumption [18], and internationally recognized household consumption capacities and seasonal variations also need to be taken into account when assessing the water resource carrying capacity.



With the rapid development of China’s economy, especially the rapid growth of the population of large cities, the contradiction between population and water resource has become increasingly prominent; Maslow’s hierarchy of needs theory has become a fundamental theory to guide Chinese scholars in their research on water utilization. Pan et al. [19] used research data to establish a hierarchy and ranking theory of household water use based on Maslow’s demand hierarchy theory, which classifies household water use into three levels (rigid water use, flexible water use, and luxury water use) and three ranks (basic water demand, reasonable water demand, and representative water demand). Xue et al. [20] established a water conservation community public participation model based on Maslow’s five levels of human demand theory, where economic benefits, environmental improvement benefits, and self-fulfilling satisfaction of participation will be the driving force for the model to work. In addition, the theory of water resources carrying capacity is significant for economic development, ecological environmental protection, and public health [21], involving harmony of the population structure and water resources [22], the population carrying capacity of water resources [23], and population size [24]. Meanwhile, micro-level studies have been conducted based on the above theory; Hu Zhen et al. argue that the impact of household size on water consumption showed an inverted “N” trend, and in the age structure of population, the order of influence degree of water consumption was middle-aged > minors > the elderly > young adults [25]. Tong Yufen and Li Zheng [1] further analyzed water consumption according to the income level of residents. Simultaneously, some scholars also analyzed the impact of population structure on water consumption at micro-levels, such as the urban and rural population ratio, diet structure, education level, and Engel coefficient [26,27,28].



From the study of hydraulic civilization, water resource carrying capacity, and sustainable development theory, it has been found that the water resource and population development have a mutual influence. The change of population structure can affect water resource utilization from multiple aspects, and the influence shows a nonlinear trend. In addition, the same index may lead to different research conclusions by different scholars, which indicates that the impact of the population structure on water resource utilization is diverse. However, whether there is heterogeneity in the impact of population structure changes on water consumption in different industries, and how the population structure under its own influence affects water consumption in each industry in a multi-dimensional perspective, are questions that have necessity and space for further systematic study. Therefore, based on Maslow’s hierarchy of needs theory, this paper constructs a research paradigm of “demographic change-demand-behavior water use of the three main industries” to investigate the mechanism of multiple demographic changes on water resource utilization. On this basis, applying China’s provincial panel data from 2001 to 2019, by means of the PVAR model and threshold models constructed based on the STIRPAT model, this paper accurately depicts the supply and demand trend of China’s water resources under the change of population structure from the dimensions of population structure−total water consumption, population structure−agricultural water consumption, population structure−industrial water consumption, population structure−domestic water consumption, etc. The scientific cognition of human−water relations is enriched from the perspective of demographic changes, which provides countermeasures to effectively deal with the interaction between population development and water resources in the future. This is not only important for promoting harmonious human−water development and mitigating human−water conflicts in China, but can also provide different management perspectives and recommendations for securing sustainable water use for different groups and stakeholders globally.



The chapters are as follows: Section 2 is the impact mechanism and basic hypotheses, which includes the mechanism of the effect of demographic change on industrial water consumption, and the mechanism of the resulting hypothetical impact. Section 3 is model establishment and data collation, including the construction of the PVAR model, STIRPAT model, and threshold model; indicator settings; and data sources. Section 4 is the multi-dimensional empirical analysis, covering the impulse response analysis and threshold effect analysis. Section 5 consists of conclusions and recommendations.




2. Impact Mechanism and Basic Hypotheses


The change of population structure will promote the diversification of resident lifestyles and concepts, and make the consumption tend to be differentiated [29], thus changing the current situation of water resources utilization in the production, living, and ecological environment [30]. Based on Maslow’s hierarchy of needs (physiological needs, safety needs, belongingness and love needs, esteem needs, and self-actualization needs) and the division of consumption materials (survival type, development type, and enjoyment type) (Figure 2), this paper analyzes the impact mechanism of the population structure changes on water resources utilization. In order to fully investigate the influence path of the population structure on different water resources utilization modes and reflect the characteristics of the current population structure changes in China, this paper divides the population structure into five aspects: urban−rural structure of population, age structure of population, population consumption structure, employment structure of population, and education level of population.



2.1. Urban−Rural Structure of Population


The urban−rural structure of population refers to the proportion of the urban population and rural population. At present, China’s urban infrastructure, job opportunities, and medical and educational conditions are better than those of the rural areas. Driven by the national urbanization policy and the improvement of demands, the proportion of the urban population has increased rapidly. On the one hand, the rapidly expanding urban population has increased the rigid water demand [31]. At the same time, the imperfect infrastructure in cities has also led to the incomplete popularization of water-saving facilities and technologies after the increase of residents, thus inhibiting the efficiency of urban water utilization. On the other hand, there are far more domestic water facilities for urban residents than in rural areas, and the new urban population may increase urban water consumption. In addition, with the flow of urban and rural population, convenient and clean water facilities in cities will have a “demonstration effect” on rural residents, resulting in an increase in rural water consumption. However, with the implementation of the national “double control” policy on water resources, water-saving technologies and facilities have been popularized in urban and rural areas, and the market regulation mechanism for water resources has been improved. In this way, the water consumption of urban and rural residents will show a downward trend [32]. Therefore, this paper hypothesizes that the change of the urban−rural structure of the population will increase water consumption in the short term and decrease water consumption in the long term.




2.2. Population Age Structure


In the theory of the human life cycle, there are significant differences in consumption demand and lifestyle among different age groups. The consumption demand in adolescence is predominantly physiological and safety demands, which is mainly reflected in the increase of water consumption by clothes washing, bathing, and meals. After entering the young and middle-aged stage of life, with the increase of income and the change of family lifestyle, people have more tours, showers, and cooking, which will inevitably increase water consumption; however, it will also improve water utilization efficiency and reduce water consumption due to the use of water-saving facilities. In the elderly age period, due to the longer periods spent at home, water consumption rises [25]. Moreover, the progress of medical technology and the improvement of social security policies enables the elderly to have more time to participate in social and economic activities, making less probability of water consumption decline among the elderly. In addition, the elderly spend more on food than the young and middle-aged population, especially on healthcare cash crops, thus increasing the demand for agricultural water [33]. Therefore, this paper hypothesizes that the increase of the elderly population in the population age structure can increase water consumption.




2.3. Population Consumption Structure


Driven by the ever-increasing demand, resident consumption materials have gradually changed from survival type to development type and enjoyment type. With the increase of consumption, the water use of high-end consumption materials is much higher than that of basic consumption materials. For example, meat production requires dozens of times as much water for livestock and poultry breeding as grain [26,34], at the same the expansion of demand for cash crops is bound to increase water consumption, which directly or indirectly increases agricultural water consumption. In addition, the demand for high-end consumption is also reflected in the requirements for the living environment and living comfort. Large living area and water recreation facilities will expand the demand for water [12]. However, with the improvement of production technology and water utilization efficiency, the increase in water consumption due to the upgrading of the consumption structure will show a downward trend. Therefore, it is hypothesized that the upgrading of population consumption will promote an increase in water consumption.




2.4. Population Employment Structure


The employment structure of the population is mainly reflected in the industries in which humans engage. Different industries have different demands for water resources. The proportion of agricultural water consumption far exceeds 50% [35]. Thanks to the improvement of agricultural modernization and the transfer of agricultural employment population, agricultural modernization helps to improve the efficiency of agricultural water utilization, push forward the realization of large-scale and intensive production in agriculture, improve the efficiency of agricultural irrigation [36], reduce agricultural water consumption, and at the same time promote the reduction of total water consumption. In addition, the shift of agricultural employees to the tertiary industry with a higher water utilization efficiency will also indirectly reduce the total water consumption. It can be seen that the reduction of employment proportion in the primary industry will help reduce the demand for water resources.




2.5. Population Education Structure


On the one hand, good education for residents can meet people’s social and higher-level needs. A high level of education corresponds to an increase in high-end consumption demands. Combined with the previous analysis, this is bound to increase water consumption. On the other hand, a good education is conducive for residents to form a strong awareness of water conservation and protection, and helps to curb the increase of water consumption. However, some scholars have found that residents’ awareness of water conservation and protection does not reduce water consumption currently, and the impact of resident education level on water resources utilization is not significant [27]. Therefore, this paper hypothesizes that an improvement in population education can restrict the increase of water consumption.




2.6. Other Factors


According to the existing research, water resources utilization is also restricted by population size, economic development level, water resource endowment, water-saving technology, etc. Among them, the expansion of population size can directly increase water consumption, but the scale effect may reduce the growth rate. The relationship between economic development and water resources is affected by the environmental Kuznets curve. Areas with high water resource endowment are prone to produce the illusion of “inexhaustible water resources” by humans, which may produce serious waste of water resources; otherwise, human tends to have water-saving awareness. The water utilization efficiency of the tertiary industry, which is higher than that of the primary and secondary industries, has great water-saving advantages. Technological progress can often effectively curb the increase of water consumption.





3. Model Establishment and Data Collation


3.1. Model Establishment


On the basis of mechanism analysis, this paper first applies the PVAR (Panel Vector Auto-regression, PVAR for short) model to describe the impact of population structure changes on water resources utilization from multiple dimensions, and then makes use of the threshold model based on the STIRPAT (Stochastic Impacts by Regression on Population, Affluence, and Technology, STIRPAT for short) model to further quantitatively analyze the nonlinear relationship between the two. The specific model is established as follows.



3.1.1. PVAR Model


Holtz-Eakin et al. [37] first the proposed panel vector auto-regression model (PVAR) in 1988. After development by Love and Zicchino [38], it has been widely used in economics, management, and many other fields. The PVAR model does not only reflect the interaction between all endogenous variables, but also allows for the existence of individual heterogeneity in panel data. Compared with the VAR model, the PVAR model improves the accuracy and stability of model estimation. In this paper, the establishment of the PVAR model mainly draws lessons from the method of Love and Zicchino [38], and regards population structure as an endogenous variable that affects the change of water resources. The model is set as follows:


   Y  i , t   =  α i  +  β n    ∑  n = 1  q    Y  i , t − n     +  φ n    ∑  n = 1  q    X  i , t − n     +  ϕ i  +  μ  i , t    



(1)







In this formula,    Y  i , t     represents the M × 1 order vector of M observable endogenous variables of province i in year t.    X  i , t − n     indicates the n-order lag term of exogenous variables of province i in year t.    α i    is the M × 1 order vector, which represents the individual fixed effect of M endogenous variables in each province i.    β n    and    φ n    are coefficients to be estimated for lag terms of M endogenous variables and exogenous variables, respectively, which are M × M order vectors.    ϕ i    is the M × 1 order vector, representing time effect;    μ  i , t     represents a residual term. n indicates the lag order. The exogenous variables selected in this paper include population size, economic development level, water resource endowment, and technological progress.




3.1.2. STIRPAT Model


The STIRPAT model is developed on the basis of the IPAT (I = human impact, P = population, A = affluence, T = technology) equation [39]. The IPAT equation mainly examines the impact of human factors on the environment, and the expression is I = P × A × T, where I, P, A, and T represent environmental factors, demographic factors, economic factors, and environmental load, respectively. The STIRPAT model adds variables such as technology and wealth to the IPAT equation, and the expression is as follows:


  I = α ×  P   γ 1    ×  A   γ 2    ×  T   γ 3    × ε  



(2)







Among them,  α  is the constant term;    γ 1   ,    γ 2    and    γ 3   , are exponential terms representing P, A, and T respectively;  ε  is the error term, and the meanings of the other variables are the same as those of Equation (1). Logarithmic processing is carried out on both sides of Equation (2) at the same time to obtain Equation (3):


  ln I = α +  γ 1  ln P +  γ 2  ln A +  γ 3  ln T + ε  



(3)







Combined with the previous mechanism analysis, the econometric model of this paper is constructed on the basis of the STIRPAT model, which is set as follows:


  ln  W  i , t   = α +  γ 1  ln  P  i , t   +  γ 2  ln  X  i , t   + ε +  σ  i , t    



(4)







In the equation,    W  i , t     represents the water consumption of province i in year t, P represents the population structure variables of each province, X represents the non-population structure variables affecting water resources, and  σ  represents the fixed effect of the panel model. The meanings of other variables are consistent with Equation (2).




3.1.3. Threshold Model


On the basis of the STIRPAT model, a threshold model is constructed to verify the accuracy of PVAR model and the threshold effect of the population structure changes regarding water consumption. Referring to Hansen’s panel threshold model, the threshold model in this paper is set as follows:


  ln  W  i t   = θ  X  i t   +  η 1  ln  P  i t    I  i t    (  t h  r  i t   ≤  γ 1   )  +  η 2  ln  P  i t    I  i t    (  t h  r  i t   ≤  γ 2   )  +  ε  i t    



(5)







In Equation (5), thr is the threshold variable,  γ  is the threshold value to be estimated, I (·) is the indicator function, and  η  and  θ  are the elastic coefficients of threshold variables and non-threshold variables to water consumption, respectively. Other indexes have the same meaning as above. In the process of threshold model estimation, it is necessary to test the existence of the threshold first, and to then estimate the corresponding threshold values and threshold-dependent variable coefficients based on the existence of the threshold, and to lastly demonstrate the threshold effect among the variables.





3.2. Data Processing and Data Sources


Based on the previous analysis, this paper sets the specific data as follows.



3.2.1. Industrial Water Consumption Variables


The industrial water consumption structure of each province includes the total water consumption (W); agricultural water consumption (AW); industrial water consumption (IW); and domestic water consumption, which includes urban domestic water consumption and rural domestic water consumption (DW) (domestic water consists of water for tertiary industry and construction industry and residents’ domestic water).




3.2.2. Variables Affecting Industrial Water Consumption


Referring to existing literature [27,40], the population structure is divided into the urban−rural structure of population (URS), age structure of population (ASP), population consumption structure (PCS), population employment structure (PES) and population education level (PEL). Non-population structure factors include population size (PS), economic development expressed by per capita gross domestic product (PGDP), potential of water (PW), industrial structure (IS), and technological progress expressed by water consumption of 10,000 RMB gross domestic product (WGDP). The specific settings are as follows.



Population structure variables: the urban−rural structure of the population adopts the proportion of the permanent urban population. In view of the current social aging pressure and its mechanism of impact on water resources, the age structure of the population adopts the proportion of the population over 65 years old. The population consumption structure adopts the Engel coefficient. The population employment structure adopts the proportion of the employed population in the primary industry. The population educational structure adopts the educational level of residents.



Non-population structure variables: the population size is expressed by the total population at the end of the year, the economic development level is expressed by GDP per capita, the potential of water is expressed by the amount of water resources per capita, the industrial structure adopts the proportion of the tertiary industry, and the technological progress adopts the water consumption of 10,000 CNY GDP. The above-mentioned relevant economic indicators are all adjusted in price based on 2001. The above data come from the China Statistical Yearbook [35], China Rural Statistical Yearbook [41], China Population and Employment Statistical Yearbook [42], and provincial statistical yearbooks from 2001 to 2019.




3.2.3. Descriptive Statistics of Data


Firstly, the variables are logarithmically processed according to the requirements of the model. Secondly, descriptive statistics are carried out on each variable (as shown in Table 1).



After logarithmic analysis, there are still obvious differences among the variables, indicating that there are certain regional differences in population structure, water utilization mode, and economic development degree among provinces. Each variable is the panel data of 31 provinces in China from 2001 to 2019, and the sample size of each variable is 589 sets of data.






4. Multi-Dimensional Empirical Analysis


4.1. Impulse Response Analysis


Based on the PVAR model, the impulse response function is used to analyze the dynamic impact tracks of population structure change on water consumption, and to accurately describe the response of the latter to the impact of the former. According to the minimum criterion of the AIC and SC test values, the lag period is set as two periods. Simultaneously, considering that the population structure has a certain stability and there is less fluctuation in the short term, this paper sets the duration of the impulse response period as 10 years. The dynamic impact tracks of the urban−rural population structure, age structure of population, population consumption structure, population employment structure, and population education level on water resources are shown in Figure 3, Figure 4, Figure 5, Figure 6 and Figure 7.



4.1.1. Analysis of Impulse Response of Urban−Rural Population Structure Changes to Water Consumption


Figure 3a–d shows the impulse response functions of urban−rural population structure changes on total water use, agricultural water use, industrial water use, and domestic water use, respectively, where the horizontal axis indicates the responding time and the number of lag periods of the shock effect, and the vertical axis indicates the magnitude of change in water use of each industry affected by urban−rural population structure changes; the green and blue solid lines represent the positive and negative two standard deviation bands, the red solid line represents the impulse response trend of the urban−rural population structure changes to industrial water consumption, and the red dashed line is the positive and negative dividing line.



As can be seen from Figure 3, first of all, the impact of the increase of urban population on the total water consumption (Figure 3a) is zero in the first phase, positive in the second phase, reaches its peak in the fourth phase, declines in the sixth phase, and then the response function gradually decays, but always maintains a positive impact effect. Secondly, the increase of urban population has a negative impulse response to agricultural water consumption and is at the lowest point in the first phase (Figure 3b). It is restrained to zero in the fifth phase, then presents a positive impulse response and gradually expands. Thirdly, the impulse response of the urban population increase to industrial water consumption has been restrained to zero (Figure 3c). Fourthly, the positive impulse response of urban−rural population structure changes to domestic water consumption reaches its peak in the first phase, and then is gradually restrained to zero.



Combined with the previous mechanism analysis and basic hypotheses, the initial population urbanization has a weak impact on the total water consumption, mainly due to the lag effect of water consumption [27]. With the acceleration of urbanization, the demand for water resources also increases rapidly, while the growth rate of the demand for water resources in the middle and late stages of urbanization slows down and shows a downward trend, but it will continue to rise, which is consistent with the previous mechanism analysis and basic hypotheses. In the early stage of urbanization of the rural population, agricultural water consumption drops sharply due to the decline of agricultural production. However, with the increase of urban population and the improvement of urban living standards, the demand for high water-consuming cash crops, vegetables, and livestock and poultry is expanded, and agricultural water consumption is increased with a higher growth rate. Domestic water consumption would be greatly increased in the early stage of urbanization, but with the popularization of urban infrastructure and water-saving technologies, the impact of the urban population increase on domestic water consumption would gradually go to zero.




4.1.2. Impulse Response Analysis of Age Structure Change to Water Consumption


Figure 4a–d shows the impulse response functions of population age structure changes on total water use, agricultural water use, industrial water use, and domestic water use, respectively, where the horizontal axis indicates the responding time and the number of lag periods of the shock effect, and the vertical axis indicates the magnitude of change in water use of each industry affected by population age structure changes; the green and blue solid lines represent the positive and negative standard deviation bands, the red solid line represents the impulse response trend of population age structure changes to industrial water consumption, and the red dashed line is the positive and negative dividing line.



As can be seen from Figure 4, the impulse response of the aging population to the total water consumption has always been positive, and shows an inverted “U” trend, reaching its peak in the fourth phase and then gradually decreasing. Agricultural water consumption also increases under the impact of aging, industrial water consumption gradually decreases under its influence, and the impulse response of domestic water consumption is consistent with the total water consumption, but the impact degree is small. The above changes may be due to the longer time spent at home by older retirees in the early stage of population aging, which leads to an increase in domestic water consumption. In recent years, the frequency and time of travel by the elderly are also more than those of other groups, further increasing the water consumption of domestic and tertiary industries. At the same time, the consumption of industrial products by the elderly after retirement decreases day by day, while the demand for cash crops, or example through health preservation increases [33], expanding agricultural water consumption. However, thanks to the frugality consciousness of the elderly, they have strong awareness of saving water and protecting water, which alleviates the impact on the total water consumption.




4.1.3. Impulse Response Analysis of Population Consumption Structure Change to Water Consumption


Figure 5a–d shows the impulse response functions of the population consumption structure changes on the total water use, agricultural water use, industrial water use, and domestic water use, respectively, where the horizontal axis indicates the responding time and the number of lag periods of the shock effect, and the vertical axis indicates the magnitude of change in water use of each industry affected by population consumption structure changes. The green and blue solid lines represent the positive and negative two standard deviation bands, the red solid line represents the impulse response trend of population consumption structure changes to industrial water consumption, and the red dashed line is the positive and negative dividing line.



In the first stage (Figure 5), the impulse response of the total water consumption impacted by the change of population consumption structure tends to become zero, and then turns to a negative response, showing a “U” trend. The impulse response to agricultural water consumption is positive in the first stage, and turns into a negative response in the second stage, and gradually expands. The impulse response of industrial water consumption is always positive and gradually increases. The impact on domestic water consumption is not obvious. The above results are similar to the previous mechanism analysis. The increase of the Engel coefficient means that the food expenditure in resident life grows, the high-end consumption decreases, and the impulse response to the total water consumption is negative. However, with the increase of the Engel coefficient, agricultural water consumption is reduced and the industrial water demand is expanded, which is mainly due to the fact that China is in the stage of agricultural modernization during the investigation period, and water-saving irrigation is implemented in agriculture, which reduces agricultural water consumption. Agricultural modernization needs the support of industrial industries such as equipment manufacturing and agricultural product processing industries. During the inspection period, China’s industry is still in the stage of high-quality development transformation, and both equipment manufacturing and agricultural product processing industries belong to high water consumption industries [43,44], resulting in a continuous positive impact on industrial water consumption due to the increase in resident food expenditure.




4.1.4. Impulse Response Analysis of Population Employment Structure Change to Water Consumption


Figure 6a–d shows the impulse response functions of population employment structure changes on total water use, agricultural water use, industrial water use, and domestic water use, respectively, where the horizontal axis indicates the responding time and the number of lag periods of the shock effect, and the vertical axis indicates the magnitude of change in water use of each industry affected by the population employment structure changes. The green and blue solid lines represent the positive and negative two standard deviation bands, the red solid line represents the impulse response trend of population employment structure changes to industrial water consumption, and the red dashed line is the positive and negative dividing line.



The employment structure of the population has a continuous negative impulse effect on the total water consumption, and the impact effect shows a “U” trend. The negative impact in the first period is the largest, and then gradually decreases and tends to be stable (Figure 6). Agricultural water consumption also shows a continuous inhibiting effect due to the impact of the population employment structure, and shows a “W” trend. The inhibiting effect is the strongest in the first stage, and is weakened in the second stage, but is strengthened again in the third stage and is then weakened again. The impulse response to industrial water consumption only has a short negative impact in the first stage, and presents a continuously enhanced positive impact after the second stage. The total domestic water consumption is not impacted. The above impulse response is consistent with the previous mechanism analysis. The massive transfer of the agricultural labor force leads to the lack of labor force in the process of agricultural modernization, resulting in management dislocation. At the initial stage of agricultural labor return, the shortage of labor is made up, which is conducive to maximizing the utilization effect of water-saving facilities and modern irrigation technology, thus showing a strong inhibiting effect on water consumption. The continuous return of the agricultural labor force will weaken the positive effect of agricultural modernization on water utilization efficiency. In addition, the increase of the agricultural employment population means more demand for agricultural tools, which has an inhibiting effect on industrial water consumption in the short term and then promotes industrial water consumption.




4.1.5. Impulse Response Analysis of Population Education Level Change to Water Consumption


Figure 7a–d shows the impulse response functions of population education structure changes on total water use, agricultural water use, industrial water use, and domestic water use, respectively, where the horizontal axis indicates the responding time and the number of lag periods of the shock effect, and the vertical axis indicates the magnitude of change in water use of each industry affected by population education structure changes. The green and blue solid lines represent the positive and negative two standard deviation bands, the red solid line represents the impulse response trend of population education structure changes to industrial water consumption, and the red dashed line is the positive and negative dividing line.



As can be seen from Figure 7, the impulse response of the resident education level to total water consumption and domestic water consumption tends to become zero. The impact effect on agricultural water consumption is negative for a short time in the first period, and then presents a stable positive impact, and gradually expands. Industrial water consumption begins to suffer a slight positive impact in the sixth phase. This is similar to the conclusion of other scholars, that is, improving resident education has little impact on total water consumption at this stage. However, the improvement of resident education often indicates an increase in income, which in turn increases the demand for industrial products and cash crops, so as to expand the water consumption for agriculture and industry.





4.2. Threshold Effect Analysis


The impulse response analysis of the population structure change on water consumption shows that there is a nonlinear relationship between population structure change and different water resources utilization modes. In order to further verify the nonlinear relationship, and to clarify the inflection point of the influence of each population structure variable on water consumption in its own change process, this paper uses the threshold model to deeply explore the threshold effect of population structure variables on water resources utilization.



Based on the above threshold model, firstly, the paper tests whether there are thresholds and the number of threshold values in the model, i.e., no threshold, single threshold, and double threshold. The hypotheses in the three scenarios are set as no threshold (original hypothesis) and single threshold (alternative hypothesis), single threshold (original hypothesis) and double threshold (alternative hypothesis), and double threshold (original hypothesis) and triple threshold (alternative hypothesis), respectively. Then, the self-sampling method and the least square likelihood ratio statistic LR are used to estimate the corresponding p value and critical value, and the results are shown in Table 2.



From the threshold existence test, it can be seen that each population structure variable has a threshold effect on water consumption under its own action, which also verifies the accuracy of the PVAR model results. From the results of the threshold existence test, each demographic variable is not significant for some single and triple thresholds of water consumption, and the dual threshold effects are significant at a 10% level. Therefore, based on the double threshold model, this paper will further carry out the multi-dimensional analysis of the impact of population structure changes on water consumption, so as to accurately identify the nonlinear effects of population structure changes on water resources utilization. On this basis, least square likelihood ratio statistics are applied to estimate the threshold value and the 95% confidence interval of each population structure variable (Table 3), as well as the double threshold regression results of the impact of each population structure variable on water consumption (Table 4).



4.2.1. Threshold Effect Analysis of Population Structure


(1) Urban−Rural Structure: The increase in the urban population will significantly promote the total water consumption, industrial water consumption, and domestic water consumption, and have a significant inhibiting effect on agricultural water consumption. From the perspective of effect, the total water consumption shows an “N” trend with the increase of urban population, the industrial water consumption shows an inverted “U” trend, the domestic water consumption gradually decreases, and the agricultural water consumption shows an inverted “N” trend. It means that in the process of the rural population moving to cities, due to the change of lifestyle and the increase of domestic water equipment, the total water consumption//, and industrial and domestic water consumption have increased. However, as the urbanization rate crosses the second inflection point (84.52%), the demand for industrial and domestic water resources will be alleviated. At the same time, due to the reduction of the rural population, this is beneficial to agricultural modernization and large-scale planting, thus improving the efficiency of agricultural water utilization and reducing agricultural water consumption, which is similar to the results of the PVAR model.



(2) Age Structure: With the aggravation of the social population aging crisis, the demand for total water consumption is rising, but the growth rate is gradually decreasing. Industrial water consumption shows a significant downward trend due to the aging of the population, presenting as a “U” trend (inflection point value is 6.48%). Agricultural and domestic water consumption is not significantly affected by population aging. The above phenomenon is similar to the impulse response structure. However, aging has no significant promotion effect on agricultural water consumption in the first and third stages and on domestic water consumption in the second and third stages, mainly because, although the elderly have higher requirements for diet and travel, they have no significant impact on high water-consuming agricultural cash crops and consumption due to their weak consumption ability.



(3) Consumption Structure: There is a difference between the double threshold effect and the impulse response result. The main manifestation is that the inhibiting effect of the consumption structure changes on the total water consumption and agricultural water consumption is not significant in the second stage, as well as the first and third stages, respectively, and has a promoting effect in the other stages. This is mainly due to the fact that food expenditure at this stage is mainly high protein meat and high water-consumption cash crops, thus expanding the demand for agricultural water. In addition, under the double threshold of the consumption structure, domestic water consumption shows a significant downward trend in the first and third stages, mainly because the increase in food expenditure will erode the consumption expenditure of the service industry.



(4) Employment Structure: Under the double threshold, the total water consumption and industrial water consumption are affected by the increase of the agricultural employment population, which is consistent with the impulse response. In the first stage, the agricultural water consumption is not significantly affected by the increase of the agricultural employment population. After entering the second and third stage, the agricultural water consumption increases significantly, mainly due to the excessive increase of the agricultural employment population, leading to inhibiting the process of agricultural modernization and reducing the efficiency of agricultural irrigation. Domestic water consumption decreases with the increase of agricultural employment population. The reason is that the increase in the agricultural employment population reduces the employment of the tertiary industry and the number of permanent residents in cities, which is bound to reduce domestic water consumption.



(5) Education Structure: Under the double threshold of the population education structure, the total water consumption and domestic water consumption increase with the improvement of residents’ education, while the agricultural and industrial water consumption is not significantly affected. This is somewhat different from the impulse response analysis, but is consistent with the previous mechanism analysis, that is, the improvement of education may increase, decrease, or may not affect water consumption [27,32].




4.2.2. Non-Demographic Regression Results


On the basis of the multi-dimensional analysis of the impact of population structure changes on water consumption, the impact of non-population structure variables on water consumption is further analyzed as follows (Table 5).



(1) The increase in population size can promote the total water consumption, and the agricultural, industrial, and domestic water consumption as a result of the expansion of the rigid water demand. However, its impact on industrial and domestic water consumption is not significa/nt, which may be due to the weak demand for industry and services in the early stage of population growth.



(2) The level of economic development has significantly pushed the total water consumption, as well as the agricultural and industrial water consumption, mainly because China’s economy is still in a high-quality transition stage, agricultural and industrial development has not yet fully achieved high-quality development, and there is great demand for water resources. However, thanks to the higher water utilization efficiency of the tertiary industry, its demand for water resources is not significant in the process of rapid economic development.



(3) Water endowment has a certain inhibiting effect on total water consumption, as well as agricultural and industrial water consumption. The reason for this is that the regions with a high water resource potential are mainly concentrated in the economically underdeveloped provinces in the central and western regions, such as Tibet, Qinghai, and Yunnan. These provinces have less water demand, thus showing an inhibiting effect on water consumption. However, its promotion effect on domestic water consumption is not significant, and is mainly affected by water-saving awareness.



(4) The increase in the proportion of tertiary industry helps to reduce the total water consumption, and the industrial and domestic water demands, which is mainly due to the higher water utilization efficiency of the tertiary industry. Among them, the inhibiting effect on the increase of the total water consumption and industrial water consumption is not significant, which may be due to the rapid development of the tertiary industry and the need for equipment support from the manufacturing industry, making the rigid demand for water resources conceal the effect of improving water utilization efficiency [43]. However, the increase in the proportion of the tertiary industry has no significant effect on the promotion of agricultural water consumption, which may be due to the increase in the demand of the tertiary industry for high water-consuming cash crops, which plays a potential role in pushing agricultural water consumption.



(5) The increase in water consumption per 10,000 CNY of GDP promotes water resources utilization, which means that technological progress has expanded the demand for water resources. It is inconsistent with the previous mechanism analysis. This is mainly because China’s economy is undergoing high-quality development and transformation, and the extensive development model has not been completely abandoned. As a result, the water resources saved due to technological progress are far less than the water demand increased due to the expansion of the economic scale. Finally, the water demand is still expanding in the process of increasing the water consumption per 10,000 CNY of GDP.




4.2.3. Model Robustness Test


During the threshold model regression, the threshold dependent variable is not used as an explanatory variable in the regression, which means that when the population structure variables are used as threshold-dependent variables, respectively, there are five different combinations of explanatory variables in the model. The regression results of these five models (Table 5) show that the non-demographic variables have the same sign of elasticity coefficient for water consumption, and the differences between elastic coefficients are rather small. It can be concluded that the threshold model is robust and reliable.






5. Conclusions and Water Resources Management Recommendations


Based on Maslow’s hierarchy of needs, this paper makes a multi-dimensional analysis of the impact of population structure changes on water resources utilization in 31 provinces of China from 2001 to 2019 by using the PVAR model and threshold model, and draws the following conclusions and suggestions.



5.1. Conclusions


(1) Population structure variables: Firstly, the increase in the urban population significantly promotes an increase in the total water consumption, as well as industrial and domestic water consumption, and shows a “N” trend, inverted “U” trend, and gradual decrease trend, respectively, but it is conducive to inhibiting the increase of agricultural water consumption, and the inhibition effect shows an inverted “N” trend. Secondly, the increase in the aging population expands the total water consumption, and agricultural and domestic water demand, while it has a significant inhibiting effect on industrial water consumption. Thirdly, the increase in resident food expenditure helps to reduce the total water consumption and agricultural water consumption, but increases the industrial water consumption with a rising growth rate, while the domestic water consumption continues to decline due to its influence. Fourthly, an increase in the number of agricultural employees reduces the total water consumption, as well as agricultural and domestic water consumption, and promotes the increase of industrial water consumption, but the inhibiting effect on agricultural water consumption is unstable. Fifthly, the total water consumption and domestic water consumption both increase with the improvement of the population education level, while the agricultural water consumption “declines first and then rises”.



(2) Among the non-demographic variables, the increase in population size can promote the total water consumption, as well as the agricultural, industrial, and domestic water consumption. The level of economic development has a significant role in promoting the total water consumption, as well as agricultural and industrial water consumption. The water resource potential has a certain inhibiting effect on total water consumption, as well as agricultural and industrial water consumption, but increases domestic water consumption. The increase in the proportion of the tertiary industry will help reduce the total water consumption, as well as the industrial and domestic water demand. An increase in the water consumption per 10,000 CYN of GDP expands the demand for water resources for social and economic development.




5.2. Water Resources Management Recommendations


Based on the above conclusions and the previous analysis, the following suggestions are proposed at demographic change and non-demographic structure levels, respectively:



(1) As for the impact of population structure changes on water resources utilization: Firstly, improve the construction of water-saving infrastructure in rural and urban areas, and popularize household water-saving devices in the process of changing the lifestyles of urban and rural residents, thus avoiding increasing demand for water due to the increase in water-using device. Secondly, guide the aging population to spend more time outdoors and reduce household water consumption, and strengthen the intensive use of water resources in the tertiary industry and reduce the demand for water resources in the tertiary industry, represented by tourism. Thirdly, guide them to reasonably improve their dietary structure and promote the consumption of water-saving products and services in the process of increasing consumption of the population. What’s more, improve the skills of agricultural laborers, expand the construction of well-facilitated farmland, and reduce agricultural water demand by importing high-water-consuming agricultural products. Lastly, prevent the consumption of high-water-consuming crops through increased education, strengthen the awareness of water conservation among high-income groups, and raise the status of resource scarcity in the education system.



(2) As for the impact of the non-demographic structure on water consumption: Firstly, persist in basing population development and production development on water resources, improve the efficiency of water use, enhance the water resources carrying capacity, and alleviate the rigid demand for water resources caused by population scale growth. Secondly, establish and improve market systems such as water rights trading, and transform the economic development model of high water consumption. At the same time, use policies and systems to force industries to implement water-saving transformation, improve the water-use efficiency of each industry, and give priority to the development of industries with a high water-use efficiency. Fourthly, exercise the role of technological innovation in promoting resource conservation and economic development, promote the transformation and application of water-saving technology, and reduce the water consumption of 10,000 CNY GDP.
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Figure 1. Trends of total and per capita water consumption in China for 2000–2019. 
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Figure 2. The relationship between population structure and water resources under the framework of Maslow’s hierarchy of needs. 
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Figure 3. Impulse Response function of urban−rural population structure changes to water consumption (Monte Carlo simulation 1000 times): (a) response of URS changes to total water consumption; (b) response of URS changes to agricultural water consumption; (c) response of URS changes to industrial water consumption; (d) response of URS changes to domestic water consumption. 
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Figure 4. Impulse response function of age structure change to water consumption (Monte Carlo simulation 1000 times): (a) response of ASP Changes to total water consumption; (b) response of ASP changes to agricultural water consumption; (c) response of ASP changes to industrial water consumption; (d) response of ASP changes to domestic water consumption. 
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Figure 5. Impulse response function of population consumption structure change to water consumption (Monte Carlo simulation 1000 times): (a) response of PCS changes to total water consumption; (b) response of PCS changes to agricultural water consumption; (c) response of PCS changes to industrial water consumption; (d) response of PCS changes to domestic water consumption. 
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Figure 6. Impulse response function of population employment structure change to water consumption (Monte Carlo simulation 1000 times): (a) response of PES changes to total water consumption; (b) response of PES changes to agricultural water consumption; (c) response of PES changes to industrial water consumption; (d) response of PES changes to domestic water consumption. 
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Figure 7. Impulse response function of population education level change to water consumption (Monte Carlo simulation 1000 times). (a) response of PEL changes to total water consumption; (b) response of PEL changes to agricultural water consumption; (c) response of PEL changes to industrial water consumption; (d) response of PEL changes to domestic water consumption. 
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Table 1. Descriptive statistics of variables.






Table 1. Descriptive statistics of variables.





	Variable Name
	Average
	Standard Deviation
	Maximum Value
	Minimum Value
	Coefficient of Variation





	Total water consumption (ln W)
	4.937
	0.847
	6.384
	2.952
	0.172



	Agricultural water consumption (ln AW)
	4.407
	0.967
	6.331
	1.435
	0.219



	Industrial water consumption (ln IW)
	3.175
	1.215
	5.542
	−1.204
	0.383



	Domestic water consumption (ln DW)
	2.820
	0.914
	4.626
	0.030
	0.324



	Urban−rural structure (ln URS)
	3.855
	0.324
	4.495
	2.940
	0.084



	Age structure of population (ln ASP)
	2.178
	0.239
	2.796
	1.466
	0.110



	Population consumption structure (ln PCS)
	3.628
	0.207
	4.291
	2.338
	0.057



	Population employment structure (ln PES)
	3.562
	0.632
	4.405
	1.064
	0.177



	Population education level (ln PEL)
	2.119
	0.162
	2.530
	1.319
	0.077



	Population size (ln PS)
	8.076
	0.868
	9.337
	5.553
	0.108



	Economic development (ln PGDP)
	9.791
	0.775
	11.736
	7.923
	0.079



	Potential of water (ln PW)
	7.176
	1.504
	12.129
	3.449
	0.210



	Industrial structure (ln IS)
	3.723
	0.186
	4.394
	3.353
	0.050



	Technological progress (ln WGDP)
	5.219
	1.063
	8.166
	2.474
	0.204







Note: Descriptive statistics were obtained by the authors by compiling data from Stata 16.0 statistical analysis. Data from the China Statistical Yearbook [35], China Rural Statistical Yearbook [41], China Population and Employment Statistical Yearbook [42], 2002–2020.
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Table 2. Threshold existence test of population structure variables on water consumption.






Table 2. Threshold existence test of population structure variables on water consumption.





	
Explained Variable

	
LnW

	
LnAW

	
LnIW

	
LnDW




	
Threshold Dependent Variable

	
Threshold Order

	
F Value

	
p Value

	
F Value

	
p Value

	
F Value

	
p Value

	
F Value

	
p Value






	
LnURS

	
Single

	
51.949

	
0.013

	
88.571

	
0.000

	
21.626

	
0.070

	
53.157

	
0.000




	
Double

	
26.997

	
0.027

	
40.923

	
0.000

	
17.309

	
0.077

	
16.402

	
0.033




	
Triple

	
16.837

	
0.047

	
36.282

	
0.010

	
11.732

	
0.077

	
5.903

	
0.220




	
LnASP

	
Single

	
11.705

	
0.103

	
28.733

	
0.010

	
6.364

	
0.247

	
6.792

	
0.117




	
Double

	
3.825

	
0.047

	
12.561

	
0.015

	
13.299

	
0.017

	
7.896

	
0.077




	
Triple

	
5.214

	
0.180

	
9.844

	
0.037

	
6.132

	
0.100

	
3.235

	
0.333




	
LnPCS

	
Single

	
45.035

	
0.017

	
46.767

	
0.000

	
54.089

	
0.003

	
26.915

	
0.010




	
Double

	
31.431

	
0.003

	
30.177

	
0.020

	
12.840

	
0.097

	
9.489

	
0.097




	
Triple

	
12.806

	
0.043

	
14.856

	
0.067

	
8.866

	
0.150

	
24.696

	
0.003




	
LnPES

	
Single

	
19.866

	
0.087

	
36.360

	
0.000

	
32.693

	
0.020

	
10.184

	
0.133




	
Double

	
18.697

	
0.040

	
28.277

	
0.027

	
20.937

	
0.020

	
10.048

	
0.017




	
Triple

	
7.812

	
0.143

	
11.358

	
0.060

	
9.995

	
0.217

	
9.433

	
0.110




	
LnPEL

	
Single

	
45.909

	
0.000

	
8.489

	
0.117

	
1.777

	
0.203

	
13.654

	
0.023




	
Double

	
19.748

	
0.000

	
28.440

	
0.017

	
38.131

	
0.000

	
4.346

	
0.023




	
Triple

	
7.279

	
0.210

	
8.271

	
0.100

	
14.394

	
0.047

	
3.908

	
0.087








Note: Due to the page limitation, the threshold values of 1%, 5%, and 10% of each threshold dependent variable are no longer listed.
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Table 3. Threshold values and 95% confidence intervals of demographic variables.
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Explained Variable

	
LnW

	
LnAW

	
LnIW

	
LnDW




	
Threshold Dependent

Dependent Variable

	
Threshold Value

	
95% Confidence Interval

	
Threshold Value

	
95% Confidence Interval

	
Threshold Value

	
95% Confidence Interval

	
Threshold Value

	
95% Confidence Interval






	
LnURS1

	
4.096

	
(4.076,

4.104)

	
3.692

	
(3.671,

3.695)

	
3.086

	
(3.086,

3.086)

	
3.121

	
(3.105,

3.125)




	
LnURS2

	
4.443

	
(4.437,

4.458)

	
4.458

	
(4.458,

4.458)

	
4.437

	
(3.710,

4.443)

	
3.691

	
(3.552,

4.289)




	
LnASP1

	
2.377

	
(1.671,

2.657)

	
2.421

	
(2.418,

2.421)

	
1.800

	
(1.780,

2.305)

	
1.716

	
(1.692,

2.515)




	
LnASP2

	
2.498

	
(1.671,

2.657)

	
2.610

	
(2.191,

2.657)

	
1.869

	
(1.834,

2.458)

	
1.997

	
(1.798,

2.610)




	
LnPCS1

	
3.232

	
(3.209,

3.815)

	
3.209

	
(3.209,

3.209)

	
3.841

	
(3.320,

3.859)

	
3.524

	
(3.498,

3.984)




	
LnPCS2

	
3.408

	
(3.389,

3.434)

	
3.659

	
(3.374,

3.676)

	
3.984

	
(3.984,

3.984)

	
3.952

	
(3.233,

3.984)




	
LnPES1

	
2.667

	
(2.526,

2.779)

	
1.526

	
(1.504,

1.649)

	
3.699

	
(3.655,

4.133)

	
3.874

	
(1.411,

4.285)




	
LnPES2

	
3.514

	
(3.450,

3.906)

	
3.694

	
(3.676,

3.735)

	
3.924

	
(3.921,

3.943)

	
3.809

	
(3.767,

4.121)




	
LnPEL1

	
2.255

	
(2.241,

2.298)

	
2.214

	
(1.944,

2.377)

	
1.530

	
(1.530,

1.530)

	
1.626

	
(1.626,

2.395)




	
LnPEL2

	
2.406

	
(2.406,

2.413)

	
2.419

	
(2.419,

2.419)

	
2.238

	
(1.985,

2.419)

	
2.122

	
(2.110,

2.142)
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Table 4. Elasticity coefficient of each variable when the population structure is taken as the threshold.
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Explained Variable

	
LnW

	
LnAW

	
LnIW

	
LnDW






	
Elasticity coefficient of threshold variable

	
LnURS1

	
0.082 ** (2.160)

	
− 0.179 ** (− 2.780)

	
0.249 * (1.690)

	
0.763 *** (7.900)




	
LnURS2

	
0.065 * (1.680)

	
− 0.154 ** (− 2.460)

	
0.372 ** (2.680)

	
0.634 *** (7.040)




	
LnURS3

	
0.094 ** (2.370)

	
− 0.253 *** (− 3.900)

	
0.286 ** (2.010)

	
0.612 *** (7.010)




	
LnASP1

	
0.072 ** (2.380)

	
0.029 (0.650)

	
− 0.458 *** (− 4.040)

	
− 0.050 (− 0.690)




	
LnASP2

	
0.064 ** (2.200)

	
− 0.006 (− 0.140)

	
− 0.584 *** (− 5.550)

	
0.013 (0.220)




	
LnASP3

	
0.052 * (1.860)

	
0.025 (0.610)

	
− 0.487 *** (− 4.990)

	
0.042 (0.730)




	
LnPCS1

	
0.072 ** (1.970)

	
0.024 (0.450)

	
0.372 *** (4.100)

	
− 0.118 * (− 1.810)




	
LnPCS2

	
0.037 (1.070)

	
0.088* (1.820)

	
0.340 *** (3.730)

	
− 0.094 (− 1.510)




	
LnPCS3

	
0.057 * (1.760)

	
0.068 (1.450)

	
0.216 ** (2.330)

	
− 0.118 * (− 1.920)




	
LnPES1

	
− 0.110 *** (− 3.810)

	
0.042 (0.680)

	
0.201 ** (2.210)

	
− 0.386 *** (− 7.310)




	
LnPES2

	
− 0.072 ** (− 2.680)

	
0.179 *** (4.050)

	
0.238 ** (2.630)

	
− 0.408 *** (− 7.670)




	
LnPES3

	
− 0.060 ** (− 2.270)

	
0.157 *** (3.600)

	
0.190 ** (2.060)

	
− 0.384 *** (− 7.180)




	
LnPEL1

	
0.251 ** (3.130)

	
0.156 (1.210)

	
− 0.403 (− 1.190)

	
0.248 (1.260)




	
LnPEL2

	
0.235 ** (2.950)

	
0.173 (1.350)

	
− 0.085 (− 0.280)

	
0.338 * (1.910)




	
LnPEL3

	
0.308 *** (3.880)

	
0.083 (0.650)

	
− 0.149 (− 0.490)

	
0.370 ** (2.090)








Note: *, **, and *** are significant at 10%, 5%, and 1% level, respectively. The value outside the bracket is the elastic coefficient of each variable, and the value inside the bracket is the t value.
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Table 5. Elastic coefficients of the other explanatory variables.






Table 5. Elastic coefficients of the other explanatory variables.





	
Explained Variable

	
LnW

	
LnAW

	
LnIW

	
LnDW






	
Urban−rural

Structure

Threshold

Variable

	
LnPS

	
0.087 *** (3.660)

	
0.081 *** (2.260)

	
0.193 (1.630)

	
0.090 * (1.870)




	
LnPGDP

	
0.534 *** (21.010)

	
0.624 *** (16.600)

	
0.353 *** (3.920)

	
0.021 (0.430)




	
LnPW

	
−0.014 (−1.550)

	
−0.017 (−1.230)

	
−0.036 (−1.150)

	
0.010 (0.550)




	
LnIS

	
−0.025 (−0.740)

	
0.058 (1.170)

	
−0.041 (−0.350)

	
−0.217 ** (−3.24)




	
LnWGDP

	
0.413 *** (20.92)

	
0.504 *** (17.280)

	
0.157 ** (2.240)

	
0.081 ** (2.11)




	
_cons

	
−4.149 *** (−8.140)

	
−5.654 *** (−7.310)

	
−4.874 ** (−2.660)

	
−0.444 (−0.440)




	
Age

Structure

Threshold

Variable

	
LnPS

	
0.106 *** (4.230)

	
0.078 ** (2.010)

	
0.134 (1.550)

	
0.063 (1.260)




	
LnPGDP

	
0.483 *** (18.790)

	
0.722 *** (18.360)

	
0.410 *** (4.600)

	
0.078 (1.500)




	
LnPW

	
−0.011 (−1.200)

	
−0.020 (1.360)

	
−0.040 (−1.250)

	
0.007 (0.370)




	
LnIS

	
−0.004 (−0.130)

	
0.075 (1.410)

	
−0.001 (−0.010)

	
−0.294 *** (* 4.23)




	
LnWGDP

	
0.392 *** (18.890)

	
0.551 *** (17.530)

	
0.213 ** (2.960)

	
0.108 ** (2.630)




	
_cons

	
−3.847 *** (−7.220)

	
−7.993 *** (−9.860)

	
−6.788 *** (−3.730)

	
1.065 (1.010)




	
Consumption

Structure

Threshold

Variable

	
LnPS

	
0.088 *** (3.680)

	
0.088 ** (2.350)

	
0.115 (1.380)

	
0.067 (1.370)




	
LnPGDP

	
0.520 *** (20.490)

	
0.635 *** (16.240)

	
0.437 *** (5.170)

	
0.073 (1.460)




	
LnPW

	
−0.015 * (−1.740)

	
−0.024 * (−1.700)

	
−0.022 (−0.720)

	
0.007 (0.380)




	
LnIS

	
−0.013 (−0.400)

	
0.084 (1.620)

	
−0.268 ** (−2.220)

	
−0.381 *** (−5.330)




	
LnWGDP

	
0.402 *** (20.630)

	
0.530 *** (17.350)

	
0.222 ** (3.320)

	
0.094 ** (2.370)




	
_cons

	
−3.670 *** (−7.010)

	
−7.014 *** (−8.720)

	
−4.974 ** (−2.810)

	
1.900 * (1.830)




	
Employment

Structure

Threshold

Variable

	
LnPS

	
0.104 *** (4.230)

	
0.058 * (1.530)

	
0.155 * (1.840)

	
0.066 (1.310)




	
LnPGDP

	
0.498 *** (19.610)

	
0.621 *** (15.600)

	
0.533 *** (6.080)

	
0.018 (0.340)




	
LnPW

	
−0.011 (−1.150)

	
−0.028 ** (−1.980)

	
−0.016 (−0.500)

	
0.005 (0.250)




	
LnIS

	
−0.019 (−0.560)

	
0.060 (1.140)

	
−0.179 (−1.480)

	
−0.255 *** (−3.600)




	
LnWGDP

	
0.393 *** (19.530)

	
0.473 *** (15.080)

	
0.363 *** (5.170)

	
0.058 (1.430)




	
_cons

	
−4.009 *** (−7.710)

	
−5.396 *** (−6.350)

	
−8.543 *** (−4.75)

	
1.423 (1.350)




	
Education Level

Threshold variable

	
LnPS

	
0.105 *** (4.310)

	
0.067 * (1.710)

	
0.158 * (1.840)

	
0.086 * (1.710)




	
LnPGDP

	
0.563 *** (20.770)

	
0.601 *** (13.930)

	
0.539 *** (5.960)

	
0.016 (0.310)




	
LnPW

	
−0.012 (−1.310)

	
−0.022 (−1.530)

	
−0.030 (−0.940)

	
0.005 (0.280)




	
LnIS

	
−0.007 (−0.200)

	
0.078 (1.450)

	
−0.041 (−0.340)

	
−0.250 *** (−3.530)




	
LnWGDP

	
0.434 *** (20.88)

	
0.472 *** (14.420)

	
0.259 *** (3.670)

	
0.080 ** (1.990)




	
_cons

	
−5.067 *** (−9.400)

	
−6.053 *** (−7.100)

	
−7.268 *** (−3.910)

	
1.501 (1.420)








Note: *, **, and *** are significant at 10%, 5%, and 1% level, respectively. The value outside the bracket is the elastic coefficient of each variable, and the value inside the bracket is the t value.
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