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Based on the research perspective of hydropower migration, the energy consumption structure of farmers in western China was analyzed. The OLS, Probit, and propensity score matching models are used to empirically analyze the impact of the relocation of hydropower immigrants on the household energy consumption structure. The results show that: 1) Although the relocation of hydropower immigrants increases the energy consumption burden of farmers to a certain extent, it has a significant inhibitory effect on the quantity of energy consumption and can promote the improvement of the quality of energy consumption. 2) The age structure of the head of household is different in the impact of the relocation of hydropower immigrants on the energy consumption choices of the households. This difference has different effects on different groups and energy consumption structure, especially in the impact on the energy consumption quality of the households with duality. 3) For low-income households, the economic burden of improving the quality of energy consumption is still large, and income is still an important factor affecting the transformation and upgrading of the energy consumption structure of households. 4) Mechanism analysis shows that the relocation of hydropower immigrants can reduce the dependence of households on the quantity of energy consumption by affecting the increase of non-agricultural income and the decrease of agricultural income, but it cannot affect the quality of households’ energy consumption. 5) The moderating effect shows that the relocation of hydropower immigrants can enrich the information types and information elements of farmers, and coordinate the household energy consumption decisions affecting farmers from both digital information and traditional information, thus promoting the transformation and upgrading of the household energy consumption structure of farmers.
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1 INTRODUCTION
The 19th National Congress of China proposed to promote the revolution in energy production and consumption and to build a clean, low-carbon, safe and efficient energy system. The 14th Five-Year Plan again proposed to promote the clean and efficient use of clean energy and fossil energy such as coal, indicating that China’s rural energy consumption structure will shift to low-carbon consumption. However, the issue of rural energy consumption has not been paid attention to by the government and relevant departments for a long time (Wu, 2020), and rural households’ energy consumption is diversified, independent and scattered, which results in the government unable to regulate rural energy consumption through effective regulatory policies (Hori et al., 2013). The selective neglect of rural energy consumption has caused many negative impacts on the regional ecological environment and farmers’ health (Liu et al., 2008). According to the fourth data of the third agricultural census report of the National Bureau of Statistics of China (shown in Table 1), 58.6% of the domestic energy used by farmers for cooking and heating is electricity; The use of gas, natural gas, liquefied petroleum gas accounted for 49.3%; The percentage of using firewood is 44.2%. The use of coal accounted for 23.9%; The use of biogas accounted for 0.7%; 0.5% used other energy; Solar energy accounts for 0.2%. On the whole, there is an imbalance in the rural energy use structure, and traditional energy use still accounts for a large proportion. At the same time, as can be seen from Table 1, the composition of the main domestic energy sources in the rural areas of the western and northeast regions is seriously unreasonable, the use of traditional energy sources such as firewood and coal is relatively high, and the consumption pattern of farmers’ over-reliance on traditional energy sources will lead to the problem of high carbon and high emissions (Li et al., 2014).
TABLE 1 | Main living energy components in rural areas:%.
[image: Table 1]As a clean energy supply, hydropower provided nearly 16.3% of the world’s electricity in20171. The stability, reliability, and flexibility of its energy supply are not available in other forms of electricity supply2. However, it is still necessary to point out that the construction of hydropower projects will undoubtedly bring about some social problems, among which the most pressing ones are the displacement of immigrants and livelihood issues (Cernea, 1997). Scudder. (2012) found in the study of dam construction and social problems that the resettled residents have a significant decline in living standards, which is manifested by the decrease in the livelihood capital of residents (Sayatham and Suhardiman, 2015) and the change of livelihood model (Wilmsen et al., 2011; Randell, 2016) and the breakdown of social networks (Webber and McDonald, 2004; Bui et al., 2013). Although the change of livelihood capital restricts the production and living of resettled residents, resettlement also provides external conditions and internal support for residents to improve their wellbeing (Sayatham and Suhardiman, 2015). Therefore, the concern for this group and resettlement areas should focus on overall sustainable development. The problem of household energy consumption of farmers in resettlement areas is of great strategic significance to promote environmental protection and improve the quality of life in the area. However, the focus of previous studies on the relocation of hydropower migrants is mainly on the sustainability of their livelihoods and related post-support policies (Zhou et al., 2021; Olwig and Sørensen, 2002; Zhu et al., 2021), and lack of attention to the issue of household energy consumption of farmers in resettlement areas. At the same time, in the existing research on the energy transformation of hydropower resettlement areas, scholars pay more attention to the impact of macro hydropower energy infrastructure construction on the overall carbon emission reduction of the country (Hennig et al., 2023), but pay less attention to the energy of individuals in resettlement areas, especially in the face of the basic policy of national energy green and sustainable development. The convergence of individual energy consumption is the result of the directionality of relevant policies and systems (Cretan and Vesalon, 2017), which makes hydropower immigrants in a state of relative structural power deprivation (Rye and Andrzejewska, 2010), and the energy consumption “bargaining” of immigrant families is at a low level, but on the other hand, the welfare upgrade brought about by the transformation of energy consumption is also the active pursuit of a better life after the immigrants move. Therefore, even in some related hydropower resettlement projects, more attention is paid to the change of residents’ livelihood dependence after relocation, and then relevant policy subsidies are implemented, but there is no doubt that after relocation, residents will face a better external environment and realize the consumption upgrade of the whole family, including the transformation and upgrading of household energy consumption (Durin et al., 2022). China, as a big country where immigrants move, includes not only poverty alleviation, but also hydropower relocation, reservoir relocation, project construction relocation, etc. The study on energy consumption of this group is conducive to the transformation and upgrading of energy consumption to avoid the phenomenon of energy poverty, and also to the realization of China’s strategic goal of double carbon.
In the research on the influencing factors of rural energy consumption, the existing literature mainly shows the following aspects: First, in the economic aspect, income is an important factor that affects household energy consumption, which directly relates to the total amount and structure of household energy consumption (Liu et al., 2013). The specific performance is that high-income households are more inclined to purchase energy from the market, such as electric energy and liquefied gas, while the consumption demand for traditional energy is gradually declining (Damette et al., 2018). Second, family characteristics are also the main factors that affect family energy consumption behavior. For example, Yang et al. (2018) found in the study that the larger the family population, the more significant the increase in family energy consumption. Niu et al. (2014) found that the level of education per capita in a household has an impact on the choice of household energy consumption types, which is mainly manifested by the differences in environmental protection concepts and consumption concepts (Jiang and Xue, 2020). Third, the external environment is also a key factor affecting household energy consumption. Research on the impact of the external environment on household energy consumption mainly focuses on energy availability, energy prices, energy policies, and other aspects. For example, Foley. (1995) pointed out in his research that by-products from agricultural production, such as firewood, straw, wood, and dung, are the main sources of energy for traditional small farmers; Zhang and Yang. (2009) found that the difference in household energy use level depends on the availability of regional energy resources; Luis Lopes (2005) believes that energy price is the main factor that affects residents’ energy consumption. Raising energy prices can restrain the growth of American households’ energy consumption (Cole and Neumayer, 2004); Research by Zhang et al. (2017) found that the government’s energy policy is the indicator to guide the transformation of household energy consumption structure in rural areas and has a guiding role in the use of domestic energy. In addition, research has also explored the impact on rural energy consumption from the aspects of internet use (He et al., 2022), farmers’ digital literacy (Zhao et al., 2022), and non-farm employment (Zhou, et al., 2022).
Although the reserves of hydropower resources in China are among the highest in the world, there is still a big gap between the developed countries and the developed countries, and the remaining hydropower to be developed is concentrated in the southwest. Among them, Sichuan, Yunnan and Tibet are the regions with the richest water resources in China, with theoretical reserves accounting for 2/3 of the national total, and technical exploitable amounts accounting for 71% of the national total. The exploitable amount of hydropower technology in Sichuan ranks first among all provinces in China, of which nearly 50% is located in the western part of Sichuan. The world-class high earth-rock dam, China’s highest million-kilowatt hydropower station, the first leading hydropower station put into operation in six hydropower bases in southwest China, and the Yalong River Lianghekou hydropower station with the largest storage capacity in Sichuan Province are located in the western part of Sichuan. According to the 14th Five-Year Plan for Resettlement of Large and Medium-sized Water Conservancy and Hydropower Projects in Ganzi Prefecture, the land acquisition for its construction involves 1,455 households with 7,160 people and the relocation of many temples. Most hydropower bases in western Sichuan are located in high mountains and valleys, and their natural conditions and social and cultural background are quite different from those in other regions. Tibetans account for more than 95% of the population, and almost all people are religious, and their religious beliefs are different (including the five major sects of Gru, Nyima, Gaju, Bobo and Sakya), with different living customs and unique ways of livelihood. For example, in some places, even the language cannot communicate with each other, and the undergrowth economy such as picking up cordyceps and matsutake is the main source of income for many local farmers and herdsmen. Western Sichuan is the second largest Tibetan-inhabited area in China, and it is also an ecologically fragile area and the original deep poverty area. It is also a key assistance area for rural revitalization of the country and Sichuan Province. The follow-up development of hydropower immigrants faces multiple constraints such as ecology, economy and culture, and the ecological environment, ethnic religion and economic geography have far-reaching impacts on the sustainable development of immigrants. It is complex and special to promote the sustainable development of hydropower immigrants. Although targeted assistance measures have been taken in the follow-up assistance policies for hydropower immigrants through resettlement methods and subsidy models, it is difficult to change the living and consumption habits of hydropower immigrants. For example, in terms of energy consumption, the transformation of traditional energy consumption will directly increase the living and consumption burden of hydropower immigrants, which may cause this group to fall into the trap of energy poverty and reduce their quality of life. Therefore, under the background of multi-time and multi-batch hydropower projects, it is of great practical significance to analyze the transformation of farmers’ energy consumption in resettlement areas based on the characteristics of household consumption habits and constraints.
To sum up, kinds of literature have analyzed the influencing factors of rural energy consumption, but these factors are mainly concentrated on the economy, family, and external environment. Few studies focus on the impact of non-energy policies on residents’ energy consumption structure from the perspective of migration. The construction of hydropower projects in China is booming. Resettlement brought about by the resettlement of hydropower project immigrants has brought about great changes in the production and lifestyle of a large number of residents. Changes in economic and environmental factors will imperceptibly affect the residents’ original consumption habits. It is relatively scarce to study the impact of hydropower migration on households’ energy consumption structure from a micro perspective. Therefore, this study uses the survey data of 382 households in the Sichuan Province of China in 2021 and uses the OLS model and Tobit model to analyze the impact of hydropower migration on households’ energy consumption structure. In addition, we performed heterogeneity analysis and robustness analysis and corrected the estimation error that may be caused by the self-selection problem by constructing the counterfactual model PSM.
The rest of the paper is structured as follows: “Theoretical Analysis and Research Assumptions” section provide the impact mechanism of hydropower migration on the energy consumption structure of households. The “Data Sources and Modeling” section describes the data sources and the modeling methods. The “Results” section introduces the results of the empirical analysis. The “Conclusions and policy implications” section describes the conclusions, discussions and policy implications.
2 THEORETICAL ANALYSIS AND RESEARCH ASSUMPTIONS
The energy ladder theory (Hosier and Dowd, 1987) emphasizes that with the continuous development of the economy and society, the residents’ choice of energy will change accordingly, the energy consumption will change from low-end energy to high-end energy, and the energy consumption structure will also present a ladder-shaped optimization transformation. Ca and Jiang (2008) confirmed the upgrading process of energy consumption structure predicted by the energy ladder model through the energy consumption assessment study of urban and rural households in China, i.e., income is an important factor affecting the upgrading and transformation of household energy consumption structure. However, in further study of energy consumption in developing countries, it is found that the energy consumption structure is not single, and various combinations of household energy consumption are the realistic choices to maximize the utility of household energy consumption (Masera and Navia, 1997). This phenomenon is well explained by the energy accumulation theory put forward by Hosier (1993), which holds that the stable supply of modern energy is the premise of realizing the transformation of energy consumption structure, but the modern energy supply system cannot meet this premise. Therefore, the alternative choice of household energy is inevitable, which will lead to both modern commercial energy and traditional biomass energy in the process of household energy consumption. In the real life of rural areas in China, it is very common for households to use a variety of energy sources. The main reason is that in rural areas is easier to obtain traditional biomass energy, so farmers are more likely to increase the stacking of biomass energy such as fuelwood and straw, which are by-products of agricultural production (Filey, 1995). Based on the energy ladder theory and the energy accumulation theory, it can be found that the growth of farmers’ economic income and the availability of energy are the main factors affecting the energy consumption structure of farmers’ households. The socio-economic environment and ecological changes brought about by the relocation of hydropower immigrants will have a far-reaching impact on the household’s decision-making on domestic energy consumption, which is manifested in the following two aspects:
First, the economic effects of relocation of hydropower immigrants. From the perspective of individual farmers, the income level will directly affect the decision-making of household energy consumption (Qing et al., 2022), and the steady growth of income has a positive and positive impact on the consumption of commodity energy, especially the consumption of clean energy (Tian and Chang, 2020). Migration can improve the production and living conditions, the availability of public resources, and the risk transfer (Agnes et al., 2009; Sayatham and Suhardiman, 2015; Scott et al., 2011) and others, the most important of which is the transformation of production and lifestyle and employment (Randell, 2016). The economic radiation effect brought by the construction of hydropower projects has improved the regional infrastructure, promoted the establishment of industrial parks, and provided a large number of non-agricultural jobs for farmers in the region, thus greatly increasing the non-agricultural income of farmers and increasing the total household income of farmers. At the same time, due to the impact of the external environment brought by the relocation of hydropower immigrants, the farmers have to change the traditional livelihood mode of “relying on water to eat mountains and rely on water to draft”. Facing the new social structure, interpersonal relationship network, and production factors, the weakness of livelihood capital also limits the farmers’ agricultural income to a certain extent. Faced with the non-agricultural transformation of livelihood patterns and the loss of natural capital, farmers reduce the scale of crop cultivation based on rational choice, thus reducing the biomass energy available to farmers. This means that farmers’ access to biomass energy is narrowed. To meet their basic living needs, they may increase the consumption of commodity energy such as clean energy.
Second, the information effect of hydropower migration. Under the background of the rapid development of the digital economy in China, information asymmetry is an important factor limiting the upgrading of farmers’ consumption structure. The farmers’ choice and preference for energy consumption depend on their cognition of energy itself, and the non-circulation of information elements results in the information receiver being unable to make the optimal choice, which makes it difficult for farmers to realize the transformation and upgrading of household energy consumption. Although there is still a big gap in the construction of rural digital infrastructure compared with urban areas, digital information has gradually become an important information source for farmers’ production and life decisions (Jiang et al., 2021), and the application of digital information is conducive to breaking the barriers of farmers’ access to information and reducing information asymmetry (Deng et al., 2019). For farmers who often use digital technologies such as the Internet to obtain information, by browsing and watching pictures, videos, and related publicity of the impact of the use of traditional energy, such as straw burning, on the agro-ecological environment system, farmers can be more intuitively aware of the damage to the ecological environment and the adverse impact on health caused by the use of traditional energy, and farmers can also clearly understand that the use of clean energy can effectively reduce carbon emissions, mitigate the greenhouse effect and optimize the agro-ecological system (He et al., 2022), thus changing the concept of household energy consumption and promoting the optimization and upgrading of household energy consumption structure. The traditional rural society belongs to the local society and the human society. The information sources are mainly limited between villages and towns, and the unicity and reliability of information are the key factors for farmers to make homogeneous decisions (Zhao, 2003). Therefore, the energy consumption status of others in social networks will also affect the household energy consumption structure (He et al., 2022; Qing et al., 2022). The relocation of water and electricity migrants has provided an opportunity for farmers to break through the information constraint. The improvement of digital infrastructure not only breaks through the restriction of essential factors in production but also provides more convenience in life. In particular, the increase in the number of signal base stations and broadband coverage in the destination has made the use of modern communication technologies such as “WeChat” more common (Wang, 2022), thus narrowing the digital divide of farmers. On the other hand, the concentration of resettlement places and the shortening of the distance to cities and towns provide opportunities for farmers to expand the quantity and quality of social networks. The specific performance is that the concentration of living space increases the social frequency and breadth among farmers, and has more interweaving in production and life. The shortening of the distance between cities and towns enables farmers to have more contact with their relatives in cities, thus extending access to information. Therefore, the improvement of access to information during the relocation of hydropower migrants will effectively adjust the energy consumption structure of households.
To sum up, the following research assumptions are put forward in this study:
H1:. The relocation of hydropower immigrants can significantly promote the quality of household energy consumption and inhibit the number of household consumption, thus promoting the transformation and upgrading of household energy consumption structure;
H2a:. The relocation of hydropower immigrants suppresses the number of households’ energy consumption by increasing non-agricultural income and reducing agricultural income;
H2b:. The relocation of hydropower immigrants improves the quality of household energy consumption by increasing non-agricultural income and reducing agricultural income;
H3:. The relocation of hydropower immigrants adjusts the energy consumption structure of households through the acquisition of digital information and traditional information.
3 DATA SOURCE AND MODEL SETTING
3.1 Data source
From December 2020 to March 2021, a survey on hydropower migration was conducted in the western region of China. The region is mainly composed of Aba Tibetan and Qiang Autonomous Prefecture and Ganzi Tibetan Autonomous Prefecture. The terrain is dominated by plateaus, mountains, and canyons, and the geographical and spatial systems are complex. Due to the extremely scattered hydropower immigrants in Tibet-related areas, to obtain relevant data, the researchers of the research group selected mainly the students living in rural areas such as Ganzi Aba to conduct interviews with farmers by means of questionnaires. Considering the randomicity of the resettlement places, the data of Tibet-related areas were collected by a combination of simple random sampling and key interviews. A total of 480 questionnaires were distributed and 382 were valid, with an effective rate of 79.58%. The sample covers Han, Tibetan, and a small number of other ethnic groups, and is mainly made up of Tibetan farmers, accounting for 79.47% of the survey sample. The questionnaire survey information relates to the individual, family, village, and other aspects, and can describe the overall situation of farmers more comprehensively. The sample area is shown in Figure 1, and Figure 2.
[image: Figure 1]FIGURE 1 | Impact mechanism of hydropower resettlement on transformation of farmers’ energy consumption structure.
[image: Figure 2]FIGURE 2 | Survey area map.
3.2 Model setting
In this study, farmers have different choices for living energy consumption, which results in the rural energy consumption structure in the sample showing some incomplete data with an energy consumption of 0. If OLS is used for analysis, it will lead to an estimation error, which cannot accurately measure the impact of immigration impact on the energy consumption structure of farmers. The Tobit model can effectively estimate the missing data. Therefore, this paper uses the Tobit model to study the impact of migration on the quantity and quality of energy consumption. As the total energy consumption is continuous data and there is no zero value, OLS is used for analysis. The specific model expression is as follows:
[image: image]
[image: image]
In Formula 1, [image: image] represents the total energy consumption, energy consumption quantity, and energy consumption quality of farmers, Tr represents whether to migrate, [image: image] is a constant term, [image: image] is a coefficient to be estimated, [image: image] represents the control variable of individuals, families, and villages, and [image: image] is a random error term.
Due to the impact of natural resources and the external environment, non-immigrants have more factors of production and sources of income, and immigrants may be weak in this respect. Ordinary regression can only observe the household energy consumption of households with relocation experience, while for households without relocation experience, it cannot observe the impact of relocation on their household energy consumption structure. Therefore, there is a “self-selection bias”. This paper uses the propensity score matching method to solve this problem, and obtains the average treatment effect (ATT) by comparing with the observed farmers with immigration experience. The specific calculation formula of ATT is as follows:
[image: image]
Where [image: image] represents the energy consumption of farmers with immigration experience and [image: image] represents the energy consumption of farmers without immigration experience, [image: image] stands for process variable. which is constructed through the counterfactual framework.
3.3 Variable selection and description
3.3.1 Dependent variable
Dependent variables are total household energy consumption, energy consumption quality, and energy consumption quantity. The proportion of farmers’ energy expenditure structure can better measure the rural energy consumption structure. Therefore, this paper uses the proportion of farmers’ clean energy consumption to the total household energy consumption to measure the quality of energy consumption; The traditional energy consumption of farmers accounts for the proportion of total household energy consumption to measure the amount of energy consumption. Among them, clean energy mainly refers to commercial energy such as electricity, natural gas, and liquefied gas, while traditional energy mainly refers to biomass energy such as firewood, wood, and cow dung.
3.3.2 Independent variables
The independent variable is the relocation of hydropower immigrants. According to the question “Is the hydropower immigrant relocated?” If the answer is yes, the value is 1; otherwise, it is 0. The purpose of this paper is to explore the impact of the relocation of hydropower immigrants on the energy consumption structure of farmers. The relocation of hydropower immigrants has a great impact on the natural environment, economic environment, and social environment of farmers, which can well measure the impact and impact of “environmental” changes on the actual production and life of farmers.
3.3.3 Control variables
Based on the research foundation of He et al. (2022) and Qing et al. (2022), 12 control variables are selected from 3 categories, including individual characteristics, economic characteristics of the family population, and environmental characteristics of villages. Among them, individual characteristics include age, gender, education level, political status, and health status; The economic characteristics of the family population include the size of the family population (permanent population), the size of the family elderly population, the family cycle, and the human participation; Village environmental characteristics, road conditions, and traffic conditions.
The description and descriptive statistics of all variables involved in the model are shown in Table 2, in which it can be known that the quality of energy consumption of farmers is far better than the quantity of energy consumption, indicating that clean energy is the main energy consumption choice in the energy consumption structure of farmers.
TABLE 2 | Variable definition and descriptive statistics.
[image: Table 2]4 RESULTS
4.1 Benchmark regression analysis
In this paper, the OLS model is used for regression analysis of total energy consumption, and the Tobit model is used for regression estimation of energy consumption quantity and energy consumption quality. Columns (1)-(3) in Table 3 are the regression results obtained by taking the relocation of hydropower immigrants as the core explanatory variable and adding individual characteristics, family characteristics, and village-level characteristics for regression.
TABLE 3 | Benchmark regression results.
[image: Table 3]From the regression results in column (1), it can be seen that the impact of the relocation of hydropower immigrants on total energy consumption is significantly negative. The change in the external environment caused by the relocation of hydropower immigrants aggravates the overall energy burden of families, which increased by nearly 43.1% compared with the energy consumption of families before the relocation. The main reason is that after the relocation, farmers have better material basis and conditions to improve their quality of life, such as adding household appliances. Looking at the regression results in column (2), we can see that the relocation of hydropower immigrants has a significant negative impact on the quantity of energy consumption. After the relocation of hydropower immigrants, farmers’ consumption of traditional energy has decreased significantly. The main reasons are the narrowing and inconvenience of traditional energy access and the assimilation of village collective energy consumption patterns. The regression result in column (3) indicates that the relocation of hydropower immigrants has a significant positive impact on the quality of energy consumption, indicating that the farmers have increased their consumption of clean energy after the relocation of hydropower immigrants, the energy infrastructure in the areas where the farmers have relocated hydropower immigrants is improved, and the accessibility of clean energy is greatly improved, which provides external support for improving the quality of energy consumption of farmers.
To sum up, the relocation of hydropower immigrants has led to an increase in the energy burden of the farmers themselves. At the same time, it has significantly reduced the quantity of energy consumption of the farmers and improved the quality of energy consumption. To a certain extent, it has improved the energy consumption structure of the farmers and promoted the dominant position of green energy consumption in western China, which has a positive impact on the ecological environment construction in western China. Therefore, the H1 hypothesis is proved.
From the perspective of control variables, age in individual characteristics has significant negative and positive effects on the quantity and quality of energy consumption, which indicates that age can change the energy consumption preferences of households in household energy consumption. To further analyze the impact of age on household energy consumption, this study conducted a more detailed discussion in the heterogeneity analysis. The education level of farmers has a significant positive impact on the total energy consumption and the quality of energy consumption, indicating that the higher the education level, the greater the possibility of increasing the total energy consumption and the quality of energy consumption, which is consistent with the existing research (Israel, 2002; Sun et al., 2014). The size of the family population and the size of the family elderly population in the family characteristics have significant opposite effects on the quality of energy consumption, among which the family with a large proportion of the elderly population has significant negative effects on the quality of energy consumption. Human participation has a significant negative impact on total energy consumption, indicating that the more developed the social relationship network, the more favorable it is to reducing the energy burden of households. In the village-level characteristics, the road conditions have a significant positive impact on the total energy consumption, indicating that the better the road conditions, the more farmers will increase the total energy consumption. Traffic conditions have significant positive and negative effects on the quantity and quality of energy consumption. Better traffic conditions will increase the consumption of traditional energy and reduce the consumption of clean energy. The possible reason is that the energy consumption habits of farmers and convenient transportation form a prefecture-level market for the purchase and sale of traditional energy after the relocation of immigrants. Under the influence of supply and demand, the energy consumption structure in immigrant areas presents certain distortions.
4.2 Endogenous discussion
This study focuses on the impact of the relocation of hydropower migrants on the energy consumption structure of households. Due to the limitations of cross-sectional data, the estimation results can only be obtained by comparing migrants with non-migrants. There is an endogeneity problem caused by sample self-selection when using benchmark regression. However, propensity score matching (PSM) deals with the possible sample self-selection problem of immigrants by constructing a “counterfactual inference model” to select non-immigrants with similar immigration characteristics. In the process of propensity score matching, the control variables mentioned above are selected as covariates, and immigrants and non-immigrants are selected to match. Table 4 shows the average treatment effect (ATT) of the three matching methods of neighbor matching, kernel matching, and caliper matching, which all indicate that the relocation of hydropower immigrants has significant negative and positive effects on the quantity and quality of energy consumption of households.
TABLE 4 | PSM estimation results of the impact of hydropower resettlement on household energy consumption structure.
[image: Table 4]4.3 Robustness test
Although the error of regression results caused by sample self-selection is solved by the PSM model, further robustness test is still needed to ensure the reliability of regression results. In the above-mentioned benchmark regression, this study regards the quantity of energy consumption and the quality of energy consumption as two equations, but these two decisions are not independent, and the disturbance terms of the two are correlated. Therefore, this paper uses seemingly unrelated regression (SUR) to further demonstrate. The results in Table 5 show that the relocation of hydropower immigrants still negatively affects the quantity of energy consumption at the level of 1% and positively affects the quality of energy consumption at the level of 5%, again verifying the robustness of the benchmark regression results.
TABLE 5 | SUR robustness test.
[image: Table 5]4.4 Heterogeneity analysis
In the aforementioned benchmark regression analysis, it can be found that the age of the head of household has a significant impact on the quantity and quality of energy consumption, and previous studies have also revealed that the energy consumption tendencies of different age groups are different (Chen et al., 2016). To explore the specific action mechanism of age on household energy consumption decision-making in the relocation of hydropower immigrants, according to the age distribution of the sample, this paper defines the age of the interviewees as the dividing line, families older than 45 years old are defined as middle-aged and elderly families, and families younger than 45 years old are defined as middle-aged and young families. Table 6 reports the results of the age-based heterogeneity analysis. From Model 1 and Model 2, it can be seen that the relocation of hydropower immigrants has a significant negative impact on the quantity of energy consumption in both middle-aged elderly and middle-aged young families, indicating that the relocation of hydropower immigrants can effectively reduce the dependence of households on the energy consumption in any group. From model 3 and model 4, it can be found that the relocation of hydropower immigrants in middle-aged and young families can significantly improve the energy consumption quality of peasant households, while the relocation of hydropower immigrants in elderly families does not have a significant impact on the energy consumption quality.
TABLE 6 | Heterogeneity analysis based on age.
[image: Table 6]Based on the energy ladder theory, which emphasizes the decisive role of income in the transformation of household energy consumption structure, this study divides the income of the total household sample into three levels: low, medium, and high, and explores how farmers make their own energy consumption decisions under different income levels. The first three columns of the regression results in Table 7 show that the relocation of hydropower immigrants has a significant negative impact on the quantity of energy consumption of low-income families, middle-income families, and high-income families. Compared with low-income families, middle-income and high-income families are more likely to curb energy consumption, indicating that the increase in income is beneficial to weakening the dependence on the quantity of energy consumption (Tian and Chang, 2020). The regression results in the last three columns in Table 7 show that the relocation of hydropower immigrants in low-income households has no significant impact on the quality of energy consumption, which may be due to the fact that the price of clean energy still imposes a heavy economic burden on low-income households. As for the middle-income and high-income families, the relocation of hydropower immigrants has an obvious effect on improving the quality of energy consumption, which further indicates that the improvement of income is beneficial to strengthening the improvement of the energy consumption quality of farmers (Liu et al., 2013). To sum up, the improvement of household income is beneficial to the optimization of household energy consumption structure.
TABLE 7 | Heterogeneity analysis based on income levels.
[image: Table 7]4.5 Analysis of impact mechanism
The impact of the relocation of hydropower immigrants on the income of farmers is shown in Table 8. The results in columns (1) and (2) show that the relocation of hydropower immigrants has a significant positive impact on the non-agricultural income of households, that is, the relocation of hydropower immigrants improves the non-agricultural income of households. However, the relocation of hydropower immigrants has a significant negative impact on agricultural income, indicating that the relocation of immigrants reduces the agricultural income of farmers. On the whole, the increase in non-agricultural income from the relocation of hydropower immigrants is far greater than the decrease in agricultural income, which on the one hand provides a material basis for farmers to improve the quality of energy consumption; On the other hand, it also reduces the access to traditional energy sources to a certain extent and reduces the demand for energy consumption by farmers. The regression results in columns (3) and (4) show that the coefficients of non-agricultural income and water and electricity migration are significantly negative and the coefficient of agricultural income is significantly positive, indicating that the relocation of hydropower immigrants can reduce the dependence of farmers on the quantity of household energy consumption by increasing farmers’ non-agricultural income and reducing agricultural income. Therefore, the H2a hypothesis is proved. However, in columns (5) and (6), the coefficients of non-agricultural income and agricultural income are not significant, indicating that they do not have a positive impact on the improvement of the energy consumption quality of households. Therefore, the H2b hypothesis is falsified. Although this conclusion is different from the existing research results, considering the periodicity and timeliness of energy consumption structure upgrading, the promotion effect of income on energy consumption quality may not have a significant impact in the short term.
TABLE 8 | Mechanism test based on economic effects.
[image: Table 8]The biggest impact of the relocation of hydropower immigrants on the farmers is the change in the external environment, especially for the farmers who move from the closed areas to relatively open areas, the information elements have changed from scarce to rich, and the diversification and convenience of information access have had a huge impact on the farmers’ family decision-making. The change in the information environment has reduced the current situation of farmers’ information asymmetry to a certain extent.
To identify how digital information regulates the moderating effect of the energy consumption structure of the households relocated by hydropower immigrants, this paper adds the cross-term between the relocation of hydropower immigrants and the use of the Internet on the basis of the benchmark regression model. The results are shown in Table 9. For the quality and quantity of energy consumption, the cross-items between the relocation of hydropower immigrants and the use of the Internet passed the significance test, which showed that the quantity of energy consumption was suppressed and the quality of energy consumption was improved. This means that digital information can effectively adjust the energy consumption structure affected by the relocation of hydropower immigrants.
TABLE 9 | Regulatory effects of digital information on energy consumption.
[image: Table 9]This study uses the communication cost of individual farmers as an embodiment of their traditional information acquisition. In the existing literature, communication cost is used to measure the general situation of household social capital, and the impact on household energy consumption decisions is studied. To further verify the impact of traditional information on the energy consumption structure, this paper introduces the interaction term between the relocation of hydropower immigrants and communication costs into the benchmark model. From the regression results in columns (1) and (2) of Table 10, it can be seen that the interaction term has a significant negative and positive impact on the quantity and quality of energy consumption at the level of 10%, respectively. From this, it can be seen that traditional information plays a certain role in the energy consumption structure. Under the influence of the peer effect, farmers are more inclined to increase the consumption of clean energy, thus improving the quality of energy consumption.
TABLE 10 | Interactive effects of traditional information literacy on energy consumption.
[image: Table 10]5 CONCLUSION AND POLICY IMPLICATIONS
5.1 Conclusion
This study analyzed and discussed the energy consumption structure of rural households in western China from the perspective of the sudden change in rural households’ external environment caused by the relocation of hydropower immigrants. The OLS, Probit, and PSM models are used to empirically analyze the impact of hydropower migration on the energy consumption structure of farmers. The following conclusions are drawn: (1) The external environment change caused by hydropower migration significantly increases the energy consumption burden of farmers themselves, but has a significant negative impact on the energy consumption quantity and a significant positive impact on the energy consumption quality. (2) The age structure of the head of household is different in the impact of the relocation of hydropower immigrants on the energy consumption choices of the households. The specific performance is that the age structure of the relocation of hydropower immigrants does not have an obvious heterogeneous effect in the impact on the energy consumption quantity, but has significant heterogeneity in the impact on the energy consumption quality. For example, the relocation of hydropower immigrants in young and middle-aged households can significantly improve the energy consumption quality of the households, while the relocation of hydropower immigrants in elderly households does not have a significant impact on the energy consumption quality. (3) In the study of income heterogeneity, it is found that for low-income families, the economic burden of improving the quality of energy consumption is still large. In the analysis of the impact on the quantity of energy consumption, it can be found that no matter which income class they are in, the relocation of hydropower immigrants can significantly reduce the dependence of farmers on the quantity of energy consumption. (5) Mechanism analysis shows that the relocation of hydropower immigrants increases the non-agricultural income of households and decreases the agricultural income, which provides a material basis for farmers to improve the quality of energy consumption and reduce the quantity of energy consumption; The moderating effect shows that the diversity of information elements in resettlement areas, especially the abundance of digital information, has a significant impact on the optimization of energy consumption structure of farmers. Based on the upgrading and transformation of the community network, traditional information can give full play to peer effect, thus promoting the quality of household energy consumption and inhibiting the amount of household energy consumption.
5.2 Discussions
Based on theoretical analysis and empirical test, this study finds that the relocation of hydropower immigrants has positive significance for the transformation of energy consumption of farmers in resettlement areas, which supplements the relevant materials and research certificates on the upgrading of energy consumption of micro-farmers in the existing hydropower project research. Although there are many difficulties in the process of energy transformation, such as changing the original energy consumption habits and increasing the clean burden of energy consumption (Montañés et al., 2023), there is no doubt that the clean energy transformation of farmers in resettlement areas has positive feedback for the long-term wellbeing of farmers, such as reducing the incidence of respiratory diseases, enhancing farmers’ own health and achieving stable growth of human capital (Li et al., 2023; Verma and Imelda, 2023). Based on the perspective of hydropower resettlement, this paper analyzes the transformation of energy consumption of farmers in resettlement areas, but there are inevitably some shortcomings, especially the transformation of household energy consumption is a long-term process. The data used in this paper are cross-sectional data, which can only reveal the current situation of energy consumption transformation of farmers in resettlement areas in the short term, and the explanation of long-term effects may not be sufficient. Therefore, in the later research, we will use panel data as much as possible to make corresponding discussions, improve the conclusions of this paper, and supplement a new research perspective for the research of hydropower resettlement projects in the international community.
In view of the above conclusions, this paper puts forward the following policy recommendations: (1) Increase the resettlement guidance for the ecologically fragile areas, increase related energy consumption subsidies, and prevent farmers from falling into poverty due to the energy burden problem, thus forming a vicious circle; (2) To strengthen the publicity of clean energy use in areas with serious aging, so as to make them fully realize the necessity and urgency of choosing clean energy and gradually change the energy consumption habits of aging farmers; (3) Improve the infrastructure, expand the local industrial chain, build related industries relying on local characteristic resources, provide diversified channels for local farmers to increase household income, and provide a solid material foundation for farmers to realize the transformation and upgrading of household energy; (4) To improve farmers’ ability to access information, and to regularly carry out activities such as digital network technology training, we should not only strengthen the stability of traditional information access channels, but also further strengthen farmers’ digital literacy, expand farmers’ ability to access digital information and their ability to apply it, so as to guide consumption upgrading with information and help the transformation and upgrading of rural domestic energy.
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