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Abstract

:

With the rapid development of shale gas exploration (SGE) in China, there is an urgent need to evaluate the public’s preferences with respect to the environmental risks that go along with the exploration, which have not yet been studied in the literature. This study aims to estimate local residents’ willingness to pay (WTP) for a water security-enhanced scenario in the Fuling shale gas field, Chongqing, China. Using the double-bounded contingent valuation method, we estimate that the annual mean WTP is 32.655 Chinese yuan per year per household, which accounts for 3.80% of the basic household gas bill. The results also show that WTP is significantly influenced by the socio-economic characteristics of the respondents, including the age of the respondent, household location, household income, and primary source of household income. Moreover, the respondents’ satisfaction with respect to the environmental impacts caused by SGE also has negative influences on the WTP. Thus, our analysis estimates the affected public’s benefits during SGE and provides insight into the relevant policymaking process.
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1. Introduction


With technological advances in horizontal drilling and hydraulic fracturing, shale gas has become an economically appealing source of fossil fuel to satisfy the world’s increasing demand for energy. The exploration and utilization of shale gas not only contribute to the economic growth by creating employment opportunities, increasing tax revenues, and reducing energy costs [1,2], but also benefit the environment by reducing carbon emissions and other atmospheric contaminants from other fuel substitutions [1]. Endowed with abundant reserves [3], China has made ambitious plans to boost its shale gas exploration (SGE) since 2014, when China became the third country to successfully achieve commercial exploitation after the United States and Canada. From 2014 to 2019, China has made great progress in maintaining continued growth in gas yield, rig counts, and drilling efficiency [4]. With reasonable and efficient exploitation, China’s SGE will make a positive contribution towards coping with the nation’s increasingly challenging environmental problems, as well as achieving its energy sustainability goals.



Along with the benefits to the society generated by SGE, there are growing concerns over the associated environmental hazards to local residents living close to the development areas. With the global development of the shale gas industry, a large number of studies have reported local residents’ perceived health and safety risks posed by SGE, including air pollution, noise pollution, ecosystem degradation, geologic hazards, water shortages, and water contamination [5,6,7,8,9,10]. Among the above-mentioned environmental concerns, SGE’s impact on water security, including water quality and quantity, has emerged as the most extensively discussed and researched issue [1,11,12], and is also the main reason for many local residents being opposed to the SGE [13,14]. The large amount of water consumed by the hydraulic fracturing process of SGE will put a strain on local water supply. Particularly in water-stressed and groundwater-depleted areas, water used for SGE, typically withdrawn from nearby rivers or municipal sources, may cause production losses in irrigated agriculture and interruptions in domestic water supply [11]. Moreover, large volumes of wastewater generated by SGE, including flow-back water after hydraulic fracturing and produced water during gas production [15], add to the challenges of satisfying environmental regulations and community desires. Considering the very highly saline and toxic wastewater, wastewater management, through disposal by the public sewerage system, pumping into injection wells, or reuse as fracturing fluid [16], has raised considerable concerns from the public, social media, and government officials.



Considering the formidable water-related challenges posed by SGE, sustainable ways to alleviate these challenges are still the dominant issue debated in the literature. Based on a brief description of the SGE’s detrimental impact on surface and groundwater, Kulander [17] discussed the trends of government regulations regarding groundwater and surface water in general, as well as in particular states. By examining in several cases in Taxes, Majumdar [18] emphasized the importance of community actions in alleviating the water-related concerns caused by SGE. Holding et al. [4] summarized the regulatory framework and various management tools for enhancing water security in a water-energy nexus. Arscott et al. [19] demonstrated the use of “smart” technologies in water management to achieve multiple objectives of water use in SGE areas. Taking the US Marcellus Shale exploration region as the study area, Rahm and Riha [20] reviewed the policies and practices in managing water resources during SGE and proposed adaptive management as a way to bridge the differences in stakeholder considerations and values. In addition to the experts’ opinions, local residents’ perceived water-related risks have also been discussed in the literature analysing SGE’s impacts. For example, Thomas et al. [11] systematically reviewed 51 research articles of SGE in the United States and Canada, and found that public’s risk perceptions were related to their experience with shale development and demographic factors. Yu et al. [2] investigated public’s perceived environmental risks in China’s Sichuan Basin, and indicated that a better understanding of indigenous knowledge would be an effective way for governments to mitigate the risks and conflicts caused by SGE. Israel et al. [21] gathered the concerns from interested and affected parties from the United States to help better govern the related risks in shale gas development.



Despite the abundant literature dealing with water-related risks, few studies have focused on the benefits of enhancing water security in SGE areas. In practice, water management typically accounts for 5–15% of the overall costs of SGE [15], and a proactive water management strategy may raise costs and impede the rapid growth in production. For instance, studies by Karapataki [22] and Acharya et al. [23] demonstrated there would be a trade-off between treatment cost and water recovery regarding the technology used for water management. Thus, a major underlying issue seems to be a lack of valuation of the welfare gains from enhancing water security strategies to facilitate the cost-effectiveness analysis in the decision-making process. With respect to the benefits of water security-enhanced scenarios, only one study can be found in the literature, that by Bernstein et al. [24] evaluating the rive safety amenities in the context of Marcellus SGE areas. They conducted a contingent valuation (CV) survey to elicit residents’ willingness to pay (WTP) for eliminating watershed risks posed by SGE. The estimation results were US $ 12.00 per month per household on average and a present value of US $ 178.25 due in 25 years. However, their study can be improved in at least two aspects. One is the questionnaire, which in addition to the CV questions also inquired about respondents’ WTP for improved river access, possibly distorting the WTP estimates for improved river safety during SGE. Another is the small sample size (186 valley residents) in a relatively large watershed, which decreased the statistical power of their estimations. Besides, the prospect of SGE in China requires effective decisions on the appropriate goals for environmental management, and the public’s preferences for enhancing water security during SGE have not yet been studied in China. Thus, the public’s WTP for enhancing water security should be investigated to reflect the public opinions towards SGE, and to aid the cost-effectiveness analysis for making appropriate management decisions. There are numerous CV studies on the valuation of water quality and quantity management. One of the most prominent uses of CV in water management assessments is shown by Bishop et al. [25] who centred the valuation question on the value of recreation compared to hydropower supply. Several studies [26,27,28] systematically reviewed the use of CV in valuing water quality improvement, and other studies [29,30] found that water quantity also played a significant role in the WTP estimate. These and other CV studies not only prove the importance of water quality and quantity improvements for social welfare, but also defend the validity of using CV as a tool for the economic valuation of water.



In this practical and academic context, the purpose of this study is, therefore, to fill the research gap by investigating local residents’ WTP for enhancing water security in the Fuling shale gas field (FSGF), which is China’s first and largest SGE field, and thus to provide a practical basis for the government’s administration on the water risks posed by SGE. How many benefits can be derived from water security enhancement policies in the FSGF? What are the influencing factors of households’ WTP for water security enhancement policies? These research questions are of importance to policymaking but have not attracted much attention in the SGE literature. Using the CV method in the double-bounded dichotomous format, this study addresses the importance of investigating the public’s preferences in a rapidly developing SGE area. The remainder of this study has been organized as follows. Section 2 describes the current status of SGE in our study area, the Fuling shale gas field (FSGF). Section 3 presents the methodology framework, including the questionnaire development and the econometric specification in this study. The empirical results are reported in Section 4, and Section 5 concludes the paper.




2. Shale Gas Exploration in the FSGF


This study has chosen the Fuling shale gas field (FSGF), located mainly in the Fuling District, Nanchuan District and Wulong County, Chongqing municipality, southwest China, as our study area. This gas field is of particular interest, as it is the most iconic area in China’s SGE history. China’s first high-yield shale gas well, the Jiaoye-1H well discovered in 2012, was located in FSGF. The FSGF was China’s first commercialized large-scale SGE field, and also developed into a national demonstration area of SGE. Thus, the shale gas development in FSGF will represent the progress and achievements of SGE in China, and the study conducted in FSGF will also be representative for further SGE management.



The FSGF belongs to the eastern Sichuan Basin and is characterized by the high-quality marine shale gas with total proven reserves of 2.1 trillion cubic meters [31]. This area produced 6.02 billion cubic meters of gas in 2018, accounting for 55.3% of the nation’s total output. Since the shale gas was first discovered in 2012 in the FSGF, over 300 producing wells have been drilled, producing over 21 billion cubic meters of gas. In the long run, SGE is planned to continue in the FSGF, increasing its output. With the development, environmental side-effects in the FSGF have gradually become the public’s concern, especially with respect to the impacts on water resources. During the hydraulic fracturing operations, a large amount of water, ranging from 20,000 to 40,000 cubic meters per well [32], has been consumed, thereby intensifying the water competition among different stakeholders. In addition, large volumes of flow-back water and produced water, which dissolve elements detrimental to health, have been generated after fracturing, and the discharge of the pollutants in these wastewaters has raised local residents’ concern. It has been reported that about half (50%) of the total volumes of wastewater has been recycled for fracturing [33]. Another problem is that without effective monitoring of water resources surrounding the exploration field, it will be impossible to aid in water management for regulations, guidelines, and best practices. During the last five years, over 20 water pollution incidents involving a diesel- or milky-like smell were reported around the FSGF, and the test results indicated that the levels of anionic detergents badly exceeded the national standard [34].



Along with the rapid development of and increasing water-related risks posed by SGE, the FSGF government has decided to actively protect local water resources during exploration [33]. However, there is relatively little knowledge of local residents’ preferences for the forthcoming environmental management of SGE. As the FSGF is a densely populated area, it is most certainly of vital importance to understand the public’s preferences and for the public to be fully engaged in the debate about the formulations of relevant policies on shale gas development.




3. Methodology Framework


A variety of economic methods has been applied in valuing environmental preferences, including cost-based methods, revealed preference methods, and stated preference methods. Compared with other methods, stated preference methods, including contingent valuation (CV) and the choice experiment, are the only available techniques that can be used in non-use valuation [35]. Considering the significant proportion of non-use value, such as the bequest and existence value generated from water security enhancement activities, stated preference methods would be more appropriate for this study. In addition, we applied the CV method because it is considered more straightforward for recognition by less-educated respondents compared with the choice experiment [36], and thus is appropriate to be conducted in our studied area, with the majority proportion residents being rural.



This study adopted the double-bounded dichotomous choice (DBDC) format of the CV method. The DBDC format refers to two sequential dichotomous choice questions in which the respondents can identify their WTP by giving a binary response of a yes or no answer. The DBDC, unlike the single-bounded format, includes a follow-up choice question to narrow the range of WTP estimates [37], and thus helps improve the efficiency by reducing the variance [38,39]. In the DBDC format of this study, the respondents were randomly given an initial bid price to avoid the starting-point bias and were asked whether or not they would accept the enhanced water security scenario with the given price. If they answered “yes”, the same question was repeated using a higher bid price and vice versa. Adopting the DBDC format of the CV method, households’ WTP estimations for improved water security can be challengeable due to the unidentified biases and onerous sample selection. These challenges have been addressed in this study and described further as follows.



3.1. Questionnaire Development


The survey questionnaire was designed and then tested extensively based on focus groups to evaluate its validity and reliability for evaluating attendant response patterns. A pre-survey was conducted as well to examine the rationality of the bid range of households’ WTP, in addition to the other designed questions. There were three sections of the finalized CV questionnaire. Our CV questionnaire (Appendix A) was a part of a larger project, within which multiple types of analyses and hypothesis tests were proposed. Within this study, only the CV part will be discussed in detail. The first section included introductory “warm-up” questions with the purpose of making our respondents feel comfortable with the interviewers, preparing them for the subsequent WTP questions, including respondents’ perception of the economic, environmental, and social impacts of the SGE. The second part of the questionnaire contained the CV questions and questions reflecting the validity of the DBDC answers. The final section surveyed the socio-economic information of the respondents.



The DBDC format of CV questions in the third section was the core of this study. In order to establish the contingent market, the status quo, management strategies, and specific policy goals were presented in the questionnaire. For example, concerns and risks of the water-related impact from SGE were clustered in the following three aspects as mentioned above: water consumption, wastewater recycling rate, and the water monitoring system. During the survey period, 20,000–40,000 m3 water per well were consumed in SGE, 50% of the wastewater was recycled for fracturing, and a water quality monitoring network was not established in the FSGF. In the future, with technology advancement and government regulation, SGE companies in the FSGF will gradually keep up with the green technology development in the United States [40] and United Kingdom [41], reducing the impact on local water reservoirs in the next 20 years. Thus, the policy goals presented in the questionnaire included: reducing the water consumption by 50% per well, increasing the wastewater recycle rate to 100%, and building a water monitoring network.



To measure households’ WTP, the payment vehicle in this study involved the price increases for water, gas, or electricity bills. Our pre-survey proved that the respondents were familiar with our defined payment vehicle, which was also well-connected with our research purpose [42]. Since we asked each respondent’s dichotomous choices with a specific increase in the household bill, we needed to set the intervals of the bid price. In the DBDC format, the respondent was randomly presented with a bid set, (bidL, bidi, bidH). The second element of each bid set corresponded the initial bid (bidi) given to the respondent, and the respondent would be asked to whether his or her family would pay this price for the water security-enhanced program considering the associated benefits could be derived. The question was a simple yes or no question as follows:


“With the enhanced water security, your household will be charged with additional bidi yuan per year with the increase in water, gas, or electricity prices. Taking your household’s income and expenditure into consideration, are you willing to pay this amount of money or not?”







If the answer was “no”, another question was followed with a higher bid (bidH) which was the first element in the same bid set, and if the answer was “yes”, a lower bid (bidL), the third element in the same bid set, was presented. Based on our pre-study, we set the range of the bid price from 10 to 100 Chinese yuan (6.62 Chinese yuan = 1 US dollar in 2018) per year per household, and the bid sets used in this study were (10, 30, 50), (20, 40, 60), (30, 50, 70), (40, 60, 80), (50, 70, 90), and (60, 80, 100).




3.2. Sampling Method


The sampling area was chosen close to the FSGF. The SGE in FSGF was divided into two development stages: the first stage (stage 1), was the exploration mainly in Jiaoshi town, Luoyun town, and Baitao town from 2013 to 2016, including 268.2 km2 and 194 billion m3 reserves; and the second stage (stage 2), starting from 2015, was the exploration mainly in Pingqiao town, Jiangdong town, Baima town, and Zilichang town, including 291.4 km2 and 239 billion m3 reserves. Thus, we determined four survey towns around shale gas development areas, including Jiaoshi town and Baitao town representing the exploration fields in the first stage, as well as Jiangdong town and Pingqiao town representing the exploration fields in the second stage.



Next, 18 villages were randomly selected from the pre-determined four survey towns; 2–6 villages from each town according to the town population. Subsequently, based on the resident rosters provided by local governments, 50–70 households were randomly selected from each village and the sample size of each village was proportionate to the population size of the village. Thus, a total of 1260 households were selected as our respondents in this study.




3.3. Bias Handling


The survey was conducted using the face-to-face interview which was proved to be able to effectively reduce the non-response bias during the pre-survey. To avoid interviewer bias during the personal interview, the investigators had taken a two-day¡ training class before the survey and were assigned randomly to the respondents. During the investigation, investigators were asked to wear their ID card to address the academic research purposes of the research and introduce the respondents to the underlying conditions of the water-related impacts during SGE, future policies, and design policy goals about the SGE (as mentioned in Section 3.1). This helped reduce the strategic bias, information bias, and hypothetical bias in our study.



Within the questionnaire, we also had debriefing questions to examine the protest zeros after CV questions and to reflect the validity of the whole questionnaire after the interview. The questions to identify protest zeros were presented to ask the respondents’ most likely reason for giving the “no-no” answers to the two dichotomous choice questions. These reasons included: “My family cannot afford to pay the money”, “My family do not feel it is worth paying the money”, “It is not fair for us to pay because I am not responsible for the pollution and the improvement”, and “My family do not believe that payment would be used to achieve the improvements”. The respondents would be identified as protest zeros if they chose the last two choices in this question [43], which signified that they rejected the hypothetical settings in our questionnaire, and these protest zeros would be removed from the analysis. The questionnaire also included the respondents’ comments on their answers by asking whether “your family would actually pay that amount in a real purchase decision”, whether “you understand the contingent questions”, and whether “your answer can represent your family”. Only the respondents who answered “yes” to all these questions would be included for further analysis. Thus, our questionnaire design also reduced the potential biases [44] related to the WTP estimates.




3.4. Model Specification


To model the DBDC format of CV responses, the Hicksian compensating surplus has been adopted using the utility difference approach [45]. The utility of respondent n can be expressed as the observable representative part V, and the unobservable stochastic part ε:


   U  ( · )  =  V n   (  q , y , S  )  + ε = α ∗ q + β y + Γ S + ε   



(1)




where the   q   is the specific environmental condition, with    q = 0    representing the status quo and    q = 1    representing the improved scenario;   y   denotes the household income, and   S   is the individual characteristics of the respondent n. If the respondent is willing to pay the bid price A in the dichotomous choice question, we can derive the following utility difference function:


     V n   (  1 , y − A , S  )  −  V n   (  0 , y , S  )  >  ε 0  −  ε 1    ,   or   Δ  V n  > Δ ε    



(2)




where    Δ  V n     is the utility increment from the status quo to the improved scenario, and    Δ ε    has been assumed to follow the Type I extreme value distribution. Thus, the probability that respondent n answers “yes” to the bid price A can be expressed as


     Prob  n   (  y e s  )  = 1 − 1 / { 1 + exp [ β ∗  (  α / β − A + Γ S / β  )  ] } = 1 −  G   ( A )    



(3)




where    α / β    and    Γ / β    are the WTP for general environmental improvement and the WTP variations depending on individual characteristics, respectively.



In the DBDC format, the bid set, (bidL, bidi, bidH) gives four possible outcomes with different probabilities: (1) both answers are “yes” for bidi and bidH, denoted as     I i  Y Y     ; (2) “yes” for bidi while “no” for bidH, denoted as     I i  Y N     ; (3) “no” for bidi while “yes” for bidL, denoted as     I i  N Y     ; (4) both answers are “no” for bidi and bidL, denoted as     I i  N N     .     I n     is the binary-valued indicator variable. Following Hanemann et al. [39], the parameters   β  ,    α / β    and    Γ / β    can be derived by maximising the following log-likelihood function:


   ln L =   ∑   i = 1  N   {       I n  Y Y   ln  [  1 −  G   (  b i  d u   )   ]        +  I i  Y N   ln  [   G   (  b i  d u   )  −  G   (  b i  d l   )   ]        +  I i  N Y   ln  [   G   (  b i  d l   )  −  G   (  b i  d u   )   ]        +  I i  N N   ln  [   G   (  b i  d l   )   ]          



(4)









4. Results and Discussion


4.1. The Sample


Our formal investigation was conducted from July to August 2018. Among the 1260 selected respondents, 371 households failed to complete the questionnaire because nobody was at home during the survey or the household rejected being involved in the survey. Moreover, 65 respondents of the collected questionnaires were further excluded from the analysis as they were protest zeros or low-quality responses as described in the bias handling process. Thus, there were 825 valid questionnaires available for further analysis with the effective rate of 65.48%. The main socio-economic variables used in the modelling process were the respondent’s gender (gender), education level (education), and age (age), as well as the his/her family’s location (location), size (size), average annual per-capita income (income), and primary source of income (source). These and the choice characteristics of the valid sample are summarized in Table 1.



Table 1 shows that most of our respondents were male (88.8%) because our investigators were instructed to survey the head of a household as much as possible to represent the whole family. The average age of our respondents was 47.2, the average education level was low (1.722), and the average household size was 4.405. All these factors correspond with the official statistics [31] and the study of Yu et al. [2], and also reflect the severe ageing problem around the SGE fields, these being mostly rural areas. In total, 57.1% of our respondents were from the stage 1 development area, showing no significant difference with the household proportion of this area (54.1%) from the official statistics [31]. The average per-capita income lay in the range from 9000 to 12,000 Chinese yuan, lower than the official figure of 14,691 Chinese yuan [31], which was probably due to the respondents’ underreporting of their incomes, a common phenomenon in field surveys [46]. About two-thirds of the respondents received their households’ income mainly from off-farm activities brought by the rapid development of industrialisation and urbanisation in FSGF.



As recommended in the literature [2,11,47], the respondents’ evaluation of the environmental impacts was taken into consideration in this study. This was measured from four aspects of the respondents’ satisfaction: the overall environmental conditions (condition), effects of environmental policies (policy), volumes of water consumed by SGE (consumption), and disposal of wastewater generated by SGE (disposal). These questions were presented with associated response choices, and the individual answers (from “very dissatisfied” to “very satisfied”) were 5-scale Likert items. Table 1 shows that, on average, our respondents gave us two mid-level survey scores for the general environmental topics (3.137 and 2.990), and another two lower scores (2.524 and 2.050) for the water-related impacts posed by SGE. This indicates the water-related risks posed by SGE were of our respondents’ concern. Moreover, Table 1 also indicates that 23.5% of the respondents answered “yes” to the initial dichotomous choice question, and this percentage increased slightly to 29.9% to the second dichotomous choice question.




4.2. Model Estimation Results


In this paper, using the user-generated doubleb command in Stata 15.0 software [48], the parameters have been estimated by maximizing the log-likelihood function of Equation (4). The results are shown in Table 2, including the constant-only model (Model 1) and model with covariates (Model 2). Moreover, after removing the non-significant predictors in Model 2 one by one, the estimation results of the model with only significant covariates (Model 3) are presented in the last column of Table 2.



Since the doubleb Stata command directly estimates the    − Γ / β    in Equation (3), the coefficients presented in Table 2 are the WTP for each variable. The results of Model 1 show that the only parameter is statistically significant at the 1% level, which means, the respondents are willing to pay 32.459 Chinese yuan in general for enhancing the water security. To identify the effects of individual variables on the WTP, the respondents’ socio-economic characteristics and perceived environmental impacts, which have been described in Table 1, are included as covariates for model estimation. Models with covariates, including Model 2 and Model 3, improve the log-likelihood significantly based on the Wald tests. For the covariates, Model 2 shows that the estimation results of the respondents’ gender, education, family size, and the environmental satisfaction of current condition and policy implementation are found to be not significant. After removing the non-significant covariates, Model 3 shows that the significance and magnitude of each variable did not changed much compared with Model 2, which verifies the robustness of the statistical model. Based on the LR test, we found that Model 3 did not change the overall significance, and had a smaller degree of freedom. Thus, Model 3 has a better performance on the information criteria than Model 2.



Among the respondents’ socio-economic characteristics, gender, education, and family size have no significant influence on the WTP, and similar results can also be found in other CV studies implemented on China’s water-related issues [49,50,51]. Moreover, age, location, income, and source of income influence the WTP significantly. Age has a positive influence on WTP, which means that the old respondents’ WTP is higher than that of young respondents. The possible reason is that, old households have less opportunity to migrate from the areas being polluted, and are more dependent on the agricultural production [49] which competes for natural resources with SGE. Therefore, the old respondents’ have a greater reliance on water security and thus higher WTP than the young respondents. Households from the stage 1 development area have a higher WTP than that from the stage 2 development area, which might be the reason that households from the stage 2 development area are less troubled by water-related impacts due to the experience accumulation and technology development of SGE. As expected, and similarly to other CV studies [50,51], respondents with higher income have a higher WTP as they have a greater ability to pay. Meanwhile, respondents who claimed the primary source of their income is from agricultural activities have a higher WTP than those who are more dependent on off-farm income, similarly to He et al. [49] who found households with their income mainly from non-farm would be less affected by local environmental hazards. In our case, the possible reason is that areas around the FSGF are also famous for producing pickled tubers, and agriculture is an essential source of livelihood. Thus, the competition for water resources between the agriculture sector and SGE increases the WTP of respondents whose primary source of income was been farm income. Among the respondents’ respondents’ evaluation of the environmental impacts, the satisfaction with the general environment has no significant influence on the WTP, while the satisfaction of the water-related environmental impacts posed by SGE is negatively related with the WTP. This means that the general satisfaction of the environmental impacts, compared with the specific satisfaction of the SGE’s environmental impacts are less related with the WTP, and respondents who are less satisfied with the water-related environmental impacts have a higher WTP. Thus, local residents’ perceived that impacts of the SGE are of importance to their welfare improvement, as indicated by Yu et al. [2]. A possible reason is that respondents with a negative valuation on the SGE’s environmental impacts have a strong desire to improve it, and thus are more willing to be engaged in enhancing water security.




4.3. WTP Estimation Results


The results of the WTP estimation can be used for estimating the public’s benefit generated from the water security enchanted scenario, which is also the main purpose of the CV study [43]. The WTP per household per year for enhancing water security in FSGF is the weighted composite of the expected values of the significant variables weighted by their estimated coefficients in Table 2. For each model, we calculated the WTP’s mean, standard deviation, and 95% confidence interval for the mean, and provided these statistics in Table 3.



Table 3 shows that, the WTPs from different models has little differences, which also verifies the robustness of the WTP estimation in this paper. As we have discussed above, the statistical power of the Model 3 outperforms the other two models. Our following discussion will mainly rely on the results from Model 3. Model 3 shows that the average WTP is 32.655 Chinese yuan, and its 95% confidence interval ranges from 30.886 to 34.425 Chinese yuan. In FSGF, the shale gas price differs by the consumed amount, and for the basic level of consumption is 1.72 Chinese yuan for less than 500 m3 gas of the year. Thus, our estimated average WTP accounts for 3.80% of the basic household gas bill.



To estimate the benefits of the entire SGE-affected population, we have transferred the estimated WTP from our surveyed areas to the whole SGE areas of FSGF. These areas are Fuling District, Nanchuan District, and Wulong County (as mentioned in Section 2 and Section 3.2), and include 0.619 million households. The total benefits accumulate to 20.202 billion Chinese yuan in the overall shale gas development areas, with a 95% confidence interval ranging from 19.107 to 21.296 billion Chinese yuan. This means that local residents are willing to bear 20.202 billion Chinese yuan on average to reduce the water consumption by 50% per well, increase the wastewater recycle rate to 100%, and build a water monitoring network. Based on our consultation with the experts in Fuling, SGE company roughly spent 70 million Chinese yuan on wastewater treatment in 2017. Our estimation results show that the SGE company can invest more in enhancing water quality and quantity security and increase their spending by 28.9% to meet local residents’ preferences. Moreover, using the discount rate of 4.35%, China’s one-year benchmark loan rate in 2018, the total present value for enhancing water security is about 464 billion Chinese yuan, which indicates a great potential for welfare improvement. Our results confirm that enhancing water security during the SGE is socially desirable and can be economically feasible. In particular, the economic valuation results will provide the basis for judging what kind of technology is profitable and will provide insights for decision-making.





5. Conclusions and Policy Implications


The rapid development of SGE in China has aroused the public’s appeals for water quantity and quality management around the exploration field. In particular, after China determines to boost its economy in the sustainable low-carbon pathway, policymakers pay great attention to the benefits of environmental improvement. This study has studied local household WTP for enhancing water security in the shale gas exploration areas in FSGF, which is a symbolic and fast-growing area in China’s SGE history. We have employed the double-bounded dichotomous choice format of the CV method and combined it with the doubleb Stata command in order to obtain the average WTP, as well as its influencing factors, from our 825 surveyed households.



Our results show that water-related risks posed by SGE were of our respondents’ concern, and local residents were not satisfied with the SGE’s impacts on water quality and quantity. The estimated WTP for enhancing water security is 32.655 Chinese yuan per year per household, which is 3.80% of the household annual basic gas bill. Moreover, according to the model results, respondents who are older, live in the stage 1 development area, have a higher income, get their income mainly from agricultural activities, and are less satisfied with the SGE’s environmental impacts have a higher WTP. This can be explained by the respondents’ dependence on local water resources or eagerness to improve the local water environment. By transferring the estimated WTP to the whole SGE impact area in FSGF, we have calculated the annual economic benefits that can be generated by enhancing water security: 20.202 billion Chinese yuan per year, 28.9% of the SGE companies’ 2017 wastewater treatment expenditure. The total present value for enhancing water security is about 464 billion Chinese yuan, which indicates that enhancing water security can be socially acceptable despite the considerable heterogeneity in WTP.



With the rapid development of SGE, the decision to enhance water security made by the policymakers can be justified by the valuation of potential welfare to make the policy consistent with the social needs. Under these circumstances, our research investigates the public’s WTP for enhancing water security in the context of China’s rapid SGE, which has not yet been studied in the literature. Our results have significant implications for policymaking regarding the environmental impacts posed by SGE. As the environmental protection policy usually generates large number of non-use values, the economic benefit estimated in our study provides valuable insight into the cost–benefit analysis of the relevant policy goals. The total economic benefit of 20.202 billion Chinese yuan per year that can be generated from enhancing water security is quite significant and should be taken seriously by local policymakers. Our study of the public’s WTP for enhancing water security in the FSGF provides relevant information that can be used in the relevant policymaking process, and further analysis should also be conducted in other SGE fields to inform the policymakers about public preferences in different policy sites.
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Figure A1. English translation of the contingent valuation questions. 
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Table 1. Socioeconomic and choice characteristics of the respondents.
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Variables

	
Descriptions

	
Mean

	
S.D.






	
gender

	
Female = 1; Male = 0.

	
0.112

	
0.315




	
age

	
Age of the respondent.

	
47.272

	
14.908




	
education

	
Primary school or under = 1; Junior school = 2; Senior school = 3; College degree or above = 4.

	
1.722

	
0.839




	
location

	
Stage 1 development area = 1; Stage 2 development area = 0.

	
0.571

	
0.495




	
size

	
Number of persons in the respondent’s household.

	
4.405

	
1.369




	
income

	
Less than 3000 = 1; (3000, 6000) = 2; (6000, 9000) = 3; (9000, 12,000) = 4; (12,000, 15,000) = 5; (15,000, 18,000) = 6; Above 18,000 = 7.

	
3.686

	
1.770




	
source

	
Off-farm income = 0; Farm income = 1.

	
0.659

	
0.474




	
condition

	
Very dissatisfied = 1; Dissatisfied = 2; General = 3; Satisfied = 4; Very satisfied = 5.

	
3.137

	
1.178




	
policy

	
2.990

	
1.268




	
consumption

	
2.524

	
1.344




	
disposal

	
2.050

	
1.402




	
bid1

	
The initial bid randomly assigned to the respondent.

	
56.303

	
16.960




	
bid2

	
The second bid assigned following the initial bid.

	
45.709

	
18.767




	
ans1

	
“no” for the first bid = 0; “yes” for the first bid = 1.

	
0.235

	
0.424




	
ans2

	
“no” for the second bid = 0; “yes” for the second bid = 1.

	
0.299

	
0.458











[image: Table] 





Table 2. Estimation results of the double-bounded models.
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	Variables
	Model 1
	Model 2
	Model 3





	Constant
	32.459 (1.236) ***
	−7.219 (5.999)
	−7.085 (4.048) *



	gender
	
	−1.609 (2.536)
	



	age
	
	0.109 (0.060) *
	0.100 (0.054) *



	education
	
	0.299 (1.057)
	



	location
	
	2.908 (1.605) *
	2.861 (1.604) *



	size
	
	0.131 (0.564)
	



	income
	
	10.628 (0.498) ***
	10.617 (0.496) ***



	source
	
	6.873 (1.703) ***
	6.946 (1.702) ***



	condition
	
	−0.570 (0.847)
	



	policy
	
	0.122 (0.889)
	



	consumption
	
	−2.009 (0.695) ***
	−2.119 (0.675) ***



	disposal
	
	−2.447 (0.751) ***
	−2.431 (0.655) ***



	log likelihood
	−834.432
	−587.972
	−588.497



	Wald chi2
	-
	482.61 ***
	480.52 ***







Notes: The descriptions of these variables are defined in Table 1. The standard errors are reported in the parentheses behind the estimated coefficients. *, **, *** indicate the statistical significance at the 10%, 5% and 1% levels, respectively.
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