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Domestic sewage has huge negative impacts on the marine environment. This paper discusses whether residents can accept the water-pricing policy that collects funds to improve sewage treatment technologies to reduce marine pollutants by raising water prices. First, the contingent valuation method is used to elicit residents’ acceptability of a water-price increase. Second, the contingent behavior method is applied to observe residents’ responses to the pricing policy. The results show that residents can accept an increase of 0.90 CNY/m3 in water price on average in Qingdao, China. We also find that people with low income show low acceptability of the water-pricing policy. Additionally, the water price plays a positive role in promoting residents’ willingness to reduce water use. The information transmission will encourage people to adopt water-saving behavior and strengthen the impact of the water-pricing policy on water-saving behavior. This paper provides important implications to establish a water-pricing policy to reduce the negative impacts of domestic sewage on the marine environment.
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1  Introduction


With rapid growth of the economy in the coastal zone in China, marine pollution has led to many marine environmental problems and becomes an important issue (Fu et al., 2018; Shan et al., 2019; Wang et al., 2021). Suggested by previous studies, approximately 80% of marine pollutants come from land-based sources (Hildering et al., 2009), and domestic sewage is one of the most important land-based sources. According to the “Bulletin of Marine Ecology and Environment Status of China,” China’s domestic sewage discharge showed an overall upward trend from 733.85 million tons in 2017 to 806.02 million tons in 2021. Beyond that, it can be seen that pollutants discharged from domestic pollution sources contained a variety of nutrients and heavy metals, e.g., 61 domestic pollution sources tested emitted 23,004 tons of chemical oxygen demand and 8,363 tons of total nitrogen in 2019. That is, domestic sewage will be an important source of marine pollutants for a long time in China, and will eventually lead to a series of environmental problems, such as eutrophication of water bodies and heavy metal pollution. Therefore, it is critical to analyze the characteristics of domestic sewage and adopt feasible measures to manage the marine pollution problem caused by domestic sewage.


The characteristics of domestic sewage are reflected in two aspects: the large amount of domestic sewage discharge and low standard of sewage treatment. During the 13th Five Year Plan period in China, the newly built sewage treatment facilities are mainly small and medium sized, and they could not achieve economies of scale and, thus, cause low operation efficiency of sewage treatment plants (Zhou et al., 2020). More importantly, we found that, although the sewage disposal rate is relatively high, the quality of water discharged by urban sewage treatment plants is still inferior to the Class IV1
 of Environmental Quality Standards for Surface Water announced by the State Environmental Protection Administration of China in 2002. Take the chemical oxygen demand as an example: The most stringent discharge standard of a municipal wastewater treatment plant is 50 mg/L, whereas the required criteria for Class IV surface water quality is 40 mg/L. That is, water discharged after treatment will still cause damage to the environment. Therefore, the sewage treatment technologies need to be improved to reduce the negative impacts of domestic sewage on the marine environment. Additionally, it is worth noting that the government should take some measures to promote public involvement in sewage treatment (Tong et al., 2014). The sewage treatment charges paid by residents only cover the operation costs of sewage treatment plants in most areas of China, and the operation of sewage treatment plants still depends on the government’s financial subsidies (Tan et al., 2015a), which causes financial pressure and low efficiency of technological upgrades. Based on the polluter-pays principle, residents have the responsibility to bear the costs of the treatment of domestic sewage. Therefore, making a water-pricing policy to collect funds for improving sewage treatment technologies is a possible solution for reducing the marine pollution caused by domestic sewage.


To sum up, this paper aims to explore whether residents are willing to participate in marine pollution management and accept a water-pricing policy that refers to the increase of water prices to raise funds for the technology upgrades of domestic sewage treatment plants to reduce the adverse impacts on the environment in the context of China. Our article contributes to the literature in the following three ways. First, this paper seeks to determine residents’ acceptability to the water-pricing policy through investigating the public’s willingness to pay (WTP) for upgrading sewage treatment technologies to improve water quality after treatment. Combined with water consumption, WTP is used to reflect the maximum acceptability of the water-pricing policy to manage pollution among residents in Qingdao, China. In addition, we make efforts to observe the differences of residents’ acceptability of the pricing policy among different income groups. Furthermore, this paper explores the increase in water prices from the perspective of the cost of technology upgrades and compares it with residents’ WTP to find a proper level of water-price increase to formulate the water-pricing policy. Second, the water-pricing policy may have a negative impact on residents’ welfare through raising the cost of water use. The public may have psychological conflicts, which will reduce the effectiveness of the policy implementation. Therefore, it needs to investigate residents’ opinions on the water-pricing policy. The change in residents’ water consumption is used to represent residents’ opinions in this paper. Furthermore, residents’ reducing water consumption also can be considered as a water-saving behavior, which would help to reduce the amount of domestic sewage discharge and marine pollutants. Therefore, we use the contingent behavior (CB) method to construct six price-increase scenarios as different policy contexts and observe the effects of price increase on residents’ water-use behavior in Qingdao, China. Third, respondents are divided into a treatment group that is presented with environmental improvement information and a control group that does not receive the message to examine the impact of information transmission on residents’ water-use habits. Additionally, we pay attention to testing the moderating effects of information transmission on the impacts of the water-pricing policy, environmental perception, and media attention on water-conservation behavior.


The remainder of the paper is structured as follows. The following section presents a review of the existing literature related to the paper. Section 3 provides details about the survey and data. Sections 4 and 5 give the estimation strategy and empirical results. The last section draws conclusions and presents policy implications.





2  Literature review




2.1  WTP for marine water quality improvement


Marine water pollution control receives the wide attention of people from all walks of life. Many articles provide estimates of the values of marine water-quality changes from the perspective of cost and benefit (Barton, 2002; Vesterinen et al., 2010; Czajkowski et al., 2017; Peng and Oleson, 2017) and indicate that water pollution control could generate substantial nonmarket benefits (Machado and Mourato, 2002). Some focus on the assessments of the values of marine water quality improvement. For example, Jones et al. (2008) estimate that residents were willing to pay 16.84 euro every 4 months over a period of 4 years for the project of constructing a sewage treatment plant in Mitilini, Greece. Tuhkanen et al. (2016) find that the average WTP for improving the marine water quality to achieve good environmental status was around 65 euro per household per year in Estonia. The studies report that a large number of respondents were willing to pay for the hypothetical water quality improvement projects proposed in the surveys (Wang et al., 2013a; Wang et al., 2013b). Furthermore, the factors that affect WTP were also studied for understanding respondents’ preference heterogeneity (Martin-Ortega et al., 2012). Early articles paid attention to analyzing the impacts of socioeconomic characteristics (Larue et al., 2017; Pakalniete et al., 2017). Subsequently, papers began to test the influences of the psychological factors (Aguilar et al., 2018), multiple substitutes, and distance decay (Bateman et al., 2006; Jørgensen et al., 2013; Choi and Ready, 2021). For example, Šebo et al. (2019) find that respondents’ knowledge about the environmental problems concerning the lake demonstrated a positive impact on WTP. In summary, the existing articles about people’s WTP for improving marine water mainly focus on the total amount of payment. Different from previous studies, this article combines the WTP for improving marine water quality with household water consumption to explore people’s acceptability of the water-pricing policy.





2.2  Factors influencing water-use behavior


The huge amount of water consumption and inefficient sewage treatment technologies pose a serious threat to the marine environment. Therefore, it is necessary to analyze the factors affecting water consumption to ensure efficient use and provide implications for promoting water-saving behavior, which could eventually reduce the amount of domestic sewage discharge. First of all, price is an important factor to determine residential water consumption (Renwick and Green, 2000; Marzano et al., 2020). Although some previous studies argue that water demand is price inelastic (Arbués et al., 2003; Jiang et al., 2016), the investigations clearly demonstrate that price played an important role in residents’ water-use behavior. High prices could let residents reduce water consumption significantly (El-Khattabi et al., 2021). Some studies further find that short-term price shocks can induce long-term behavioral changes (Zetland, 2021). Therefore, water-pricing strategy is an effective tool for policymakers to manage water consumption (Zhao et al., 2016; Du et al., 2021). Furthermore, research also shows that residents’ water-use behavior is a mixed function of many factors (Kenney et al., 2008). Both demographic characteristics (Schleich and Hillenbrand, 2009; Tong et al., 2017; Araya et al., 2020) and behavioral and psychological variables (Dolnicar et al., 2012; Fielding et al., 2012; Beal et al., 2013) were found to affect water consumption. For example, Russell and Knoeri (2020) find that attitudes, subjective norms, and personal normative beliefs had positive impacts on water-conservation behavior. In addition, some environmental factors, such as climate and geography, were also found to have influences on water-use behavior (Abu-Bakar et al., 2021). For example, humid and rainy weather increased household water consumption by increasing the frequency of body cleaning and clothes changing (Fan et al., 2017).


In conclusion, the determinants of domestic water use are highly complex and diverse. However, it is difficult to evaluate the potential welfare of residents caused by future water price policy based on existing literature. Therefore, this paper evaluates the impact of water-pricing policy on residents’ water-use behavior and controls the effects of residents’ perception of the marine environment, attention to the relevant reports, and socioeconomic characteristics. Meanwhile, a treatment group in which respondents are shown information that the water-pricing policy will lead to the improvement of marine water quality eventually and a control group in which respondents do not receive the message of environmental quality improvement are constructed to observe the impact of the transmission of positive information on residents’ environmentally friendly behaviors.






3  Methods




3.1  Survey instrument


The data for this study were compiled from respondents’ responses to two types of questionnaires, which were designed to explore residents’ water-use behaviors and the acceptability of the water-pricing policy. We carried out three pretests around the Ocean University of China from November 2019 to April 2020 and then revised and improved the questionnaire according to feedback. Subsequently, we commissioned a professional questionnaire distribution platform to deliver the online questionnaires randomly to its sample database in Qingdao, China, June to July 2020.


The final questionnaire of the treatment group consisted of five sections. The structure of the questionnaire is shown in 
Figure 1
. The first section gave a brief introduction to the background and purpose of the investigation to ensure that the respondents answered the questions as truthfully as possible. In the second section, respondents were asked about their attitudes toward the marine environment, the perception of the impact of marine environmental damages, and the attention to relevant reports. The third section started with residents’ attitude to the following question: Do you think domestic sewage will cause damage to the marine environment and investigated residential water consumption and water charges. Then, it elicited respondents’ WTP for improving domestic sewage treatment technologies to let the water quality meet Class IV of the Environmental Quality Standards for Surface Water (EQSSW, GB3838-2002). The fourth section constructed six pricing-policy scenarios to inquire about the changes of residents’ water-use behavior. The final section investigated respondents’ socioeconomic characteristics concerning gender, age, education, family members, personal gross income, family gross income, etc.





Figure 1 | 
The structure of the questionnaire.






Different from the questionnaire for the treatment group, the purpose of the water-price increase was not mentioned in the control group. In other words, it only presented the scenarios of the increase in water price in the fourth section.





3.2  Measures




3.2.1  WTP for improving marine water quality


Respondents’ WTP for improving domestic sewage treatment technologies to let the water quality meet Class IV of the Environmental Quality Standards for Surface Water (EQSSW, GB3838-2002) were elicited by the contingent valuation method. The WTP was elicited by a payment card because it can increase response rates compared with open-ended formats and is easy to carry out compared with dichotomy formats (Xu and Shan, 2018). The payment card was divided into 14 levels, which ranged from 0 CNY/a to more than 500 CNY/a (the WTP of each level is shown in Appendix A), and the gaps between smaller levels of WTP were designed to be smaller according to the results of our pretest survey. We mitigate hypothetical bias in four ways. First, we gave a brief introduction about the background of the sewage treatment technologies and the benefits of technology improvements for the marine environment prior to asking questions to ensure that respondents were informed about the situation. Second, we presented pictures of the marine environment before and after sewage technology upgrades. Third, we emphasized that the hypothetical scenario will be achieved after 5 years of efforts. Finally, we used water charges as a payment vehicle because sewage treatment charges are included in the water price in China.





3.2.2  Contingent behavior


The changes of residents’ water consumption when people face different pricing-policy scenarios are learned by using the contingent behavior method, which elicits information about behavior under hypothetical scenarios (Rolfe and Gregg, 2012). The pricing-policy scenarios are divided into six levels, i.e., the water price would increase by 0.2, 0.5, 0.8, 1.0, 1.5, and 2.0 CNY/m3. For each price increase level, a five-point Likert scale ranged from “1 = no change” to “5 = enormous reduction” was given to explore respondents’ changes in water consumption. Additionally, the questionnaires were divided into two categories. In the treatment group, we emphasized that the funds collected by the water-pricing policy will eventually be applied to the upgrading of sewage treatment technologies and improve the marine environment, whereas in the control group, we only presented the scenarios of the water policy. The two types of questionnaires were randomly assigned to respondents.





3.2.3  Other measures


We asked about respondents’ attitudes toward the marine environment, perception of the impact of marine environmental damages, and attention to relevant reports. These items were measured using five-point Likert scales. The details and summary statistics are presented in 
Table 1
. Confirmatory factor analysis is an important analysis tool to investigate the causal relations among latent and observed variables, so we applied it to test the three latent variables, including marine environmental perception, impact perception, and media attention. In general, all the constructs demonstrated adequate internal consistency (Cronbach’s alpha: above 0.75, regression weight: above 0.75, composite reliability: above 0.85, and average variance extracted value: above 0.60). In addition, principal component analysis was used to generate proxy variables of the three latent variables for the subsequent analysis.



Table 1 | 
Measurement items.










3.3  Sample


A total of 865 samples of the questionnaires were collected through an online survey during June to July 2020. However, some respondents did not answer the questions completely or spent too long or too short a time to answer the questionnaires, which may cause errors in the results. Finally, 418 samples were identified as valid samples. The percentage of valid questionnaires is comparatively lower than that in other articles, focusing on nonmarket valuation in China (Zhang et al., 2019; Xu et al., 2020; Xu et al., 2021). It may be that, because the application of the contingent behavior method is limited in China, some respondents could not exactly understand the scenarios. The details of respondents’ socioeconomic characteristics are shown in 
Table 2
.



Table 2 | 
The respondents’ demographic characteristics.






The final samples comprise 35.9% men and 64.1% women; 51.9% of respondents fell in the age group of under 30 years; 20.1% of respondents indicated a low personal income, less than 20,000 CNY/a; 41.1% of respondents belonged to the income group of 50,000–120,000 CNY/a; 64.4% claimed that they had received a bachelor’s degree. The survey sample was not a perfect representation of Qingdao residents. The sample education level was noticeably higher than the Qingdao average level. Respondents were characterized as having a low age and a high education. There are two possible reasons for this result. On the one hand, it is because we adopted an online questionnaire, a format that is more acceptable to younger and more educated respondents. On the other hand, it is presumably because young people are keen to engage in social affairs, and they have more energy and resources to participate in marine environmental governance. It should also be noted that young people are generally the main target groups of researchers with regards to the exploration of individuals’ willingness to participate in or pay for marine environmental governance. Therefore, more attention should be allocated to the young, who might be more active and more likely to express their opinions on environmental management, which is also in line with the purpose of the study.


Specifically, among them, 235 people were given the environmental improvement information in the survey, and they were defined as the treatment group. It accounted for 43.8% of the total samples. In the treatment group, 62.1% of respondents held a bachelor’s degree or above, and 63.4% indicated that their personal income was more than 50,000 CNY per year. Other respondents, which were considered as the control group, were not presented with the environmental improvement message. Comparing the socioeconomic characteristics of the treatment group with control group, we found that the statistical characteristics of respondents were very similar, which indicated that there were no significant differences between the two groups.






4  Estimate strategy




4.1  Determinants of the WTP for improving marine water quality


First, we use the CVM to investigate the respondents’ WTP for upgrading technologies to reduce marine pollutants and make efforts to test the effects of social and attitudinal factors on the WTP. The model is constructed as follows:




where WTPi
 is respondent i’s WTP for technology upgrades. 
Ai

 is a matrix of respondent i’s understanding and attitude variables toward the marine environment and domestic sewage, including attitude toward whether respondents think that domestic sewage causes damage to the marine environment, marine environmental perception, impact perception, and media attention. 
S


i
 is a matrix of respondent i’s socioeconomic characteristics, including annual water consumption, gender, age, education level, family size, and personal gross income. ε
i
 is a random error term. An ordinary least squares (OLS) model was used to analyze influence factors on the decision of residents’ WTP.





4.2  The influence factors on residents’ water consumption


Subsequently, we apply the CB to examine the impact of the water-pricing policy on residents’ water-use behavior. The water-pricing policy, environmental improvement information, annual water consumption, environmental perception, and media attention are selected as the main explanatory variables. The specific formula is constructed as follows:




where Yij
 represents the change in respondent i’s water consumption when faced with the scenario of pricing policy j. Pij
 represents pricing policy scenario j that respondent i faces. There are six scenarios, including 0.2, 0.5, 0.8, 1.0, 1.5, and 2.0 CNY/m3. We test the effect of information dissemination by creating a dummy variable, EIi
. EIi
 is coded as one if respondent i is in the treatment group and is equal to zero if respondent i is in the control group. 
Zi

 is a matrix of other main explanatory variables, including annual water consumption, environmental perception, and media attention. 
Xi

 is a matrix of control variables, including awareness toward whether you think that domestic sewage causes damage to marine environment, whether respondent i often goes to the seaside, whether respondent i is a permanent resident of Qingdao, impact perception, age, gender, education level, family size, personal gross income, and family gross income. γij
 controls the individual fixed effect, and εij
 is a random error term. Two models including OLS, and ordered logit model are applied to analyze the formula.





4.3  The role of information transmission


Finally, we attempt to examine if there are heterogeneities in the impacts of water-pricing policy, environmental perception, and media attention on residents’ water-use behavior between the treatment and control groups. In other words, we wonder whether the environmental information transmission may have some indirect effects on residents’ environmentally friendly behaviors. If the respondents are informed that the benefits obtained by the water-pricing policy will be applied to the technical progress of sewage treatment plants to reduce the negative impacts on the offshore marine environment, people may be aware of the importance of the environment and show a high intention of water saving. Furthermore, the higher pricing-policy scenario indicates a more serious water quality problem at present and a bigger demand for the improvement of water quality. Therefore, the willingness to conserve water may increase with increasing price; the water-pricing policy will give more incentives for residents to reduce water consumption and adopt environmentally friendly behaviors under the information transmission.


Besides this, respondents with high environmental perception have a good knowledge of environmental information, so the transmission of information has few impacts on them. However, people who think that environmental pollution is not serious at the beginning will perceive the status of the marine environment after receiving information and indicate stronger willingness to conserve water than before.


In addition, people with higher media attention usually have a stronger environmental consciousness and have more motivation to participate in environmental protection than those with lower media attention. Therefore, people with higher media attention may be more easily affected by the environmental improvement information and perceive higher responsibility to protect the environment than those with lower media attention.


We test the moderating effects by introducing the interaction between the transmission of the message and the three variables, including water-pricing policy, environmental perception, and media attention, into formula 2. The model is as follows.




where 
Wi

 represents a matrix of three variables, including water-pricing policy scenario, environmental perception, and media attention. The OLS model is used to analyze the formula.






5  Results




5.1  Descriptive statistics




5.1.1  Public awareness and attitude toward marine environmental protection


The results show that most residents perceive the serious marine environmental quality in Qingdao, China: 95.0% of respondents think that oceanic pollution is a critical problem in Qingdao, China. Only 39.2% and 1.9% believe that the water is clear and very clear, respectively, and 6.7% think the Ulva prolifera bloom is not a serious problem. In the aspect of perception about the impact of marine environmental damages, almost all respondents believe that the destruction of the marine environment has many adverse effects. Only 2.2% of respondents believe that environmental damages do not have negative effects on economic development, and 96.2% and 98.1% agree that marine environmental damages have negative impacts on the lives of people and other organisms. Furthermore, the majority of respondents show high attention to the related reports on the marine environment in daily life through different ways. Compared with the WeChat public account (92.3%), TV (97.1%) and Internet (97.6%) are the preferred ways to pick up information.





5.1.2  Annual water consumption


We set up the option “unclear” in exploring household water consumption and water charges in the process of designing the questionnaire according to the feedback that some respondents do not know their water consumption and charges. The results show that 45 and 64 respondents indicate that they do not know their water charges and water consumption, respectively. Therefore, we use water charge to represent water consumption because of fewer missing values. The results show that only 9.8% of respondents report that they pay less than 135 CNY/a for water use, and 57.7% claim that their annual water charges range from 135 to 525 CNY/a, and seven people indicate high water charges that are more than 1100 CNY/a. Excluding those who do not know their water charge, the average water charge is 300.1 CNY/a. In addition, using the sample of 373 respondents who provided a clear answer to their water charge, we apply an OLS model to estimate the water charge function with respect to the socioeconomic variables, including gender, age, education level, family size, and personal gross income. The regression results are shown in Appendix B.1. Subsequently, the missing data on water charges are replaced according to the regression results. Finally, the average household water charge is about 378 CNY per year. In Qingdao, a ladder water price system, in which residents should bear different water prices according to their amount of water consumption, has already been adopted to encourage residents to save water. The charging standards for household water consumption per year are divided into three levels: no more than 144 m3, 144–204 m3, and more than 204 m3, respectively. The corresponding water prices are 3.50, 4.65, and 8.00 CNY/m3. According to the existing water-pricing policy, the average household water consumption is about 108 m3/a.






5.2  Residents’ acceptability of the water-pricing policy




5.2.1  Statistics of WTP


The investigation shows that 80.14% of respondents definitely agree that domestic sewage leads to some damage to the marine environment, and 97.8% of respondents report a positive attitude and indicate that they are willing to take the responsibility for environmental protection. The frequency of WTP is shown in 
Table 3
; 31.1% of respondents indicate that they are willing to bear the extra water charge of 80.1–150 CNY/a for technical progress of sewage treatment plants; 1.2% of respondents report their WTP above 400 CNY/a. The median of WTP for technology upgrades is 90 CNY/a. The average WTP is calculated through the mathematical expectation formula of discrete variable WTP:



Table 3 | 
Statistics of willingness to pay frequency.








where E(WTP) is the average WTP for technology upgrades of the sewage treatment plants. Ah
 is the WTP of option h (we replace the payment level value with the median of each option, and the payment level above 500 CNY/a is replaced by 600 CNY/a). Ph
 is the probability of choosing option h. n is the number of options.


The result shows that the average WTP for environmental improvement is 97.15 CNY per household per year in Qingdao, China. Additionally, the average annual water charge paid by a household is 378 CNY; thus, the resulting increase in the household water bill would be 25.7% in Qingdao, China. The average WTP accounts for 0.04% of the family gross income.


Furthermore, we use the estimated average water consumption and the average WTP to calculate the average water-price increase Pmean
.




In general, residents can accept an increase of 0.90 CNY/m3 in water price to improve the sewage treatment technologies to reduce the negative effects on the marine environment.





5.2.2  Influence factors of the WTP

    
Equation (1) is analyzed, and the estimation results are listed in Appendix B.2. The results show that personal gross income is a statistically significant variable in explaining WTP. It is a widely accepted fact that the demand for good environmental quality tends to increase with income (Sebo et al., 2019). People with higher income could have energy and time for living and health issues. There is a significant difference in the payment decisions between males and females. The result indicates that females have stronger environmental consciousness and higher WTP than males, which is consistent with previous studies (Dardanoni and Guerriero, 2021). The coefficient on the education level variable is positive and significant, which means that highly educated people are more likely to pay for environmental protection than less educated ones. The improvement of sewage treatment plant technology can not only reduce the environmental pollution, but also reduce the threat to the health of coastal residents and bring a series of social and economic benefits (Birol and Das, 2010). Higher education experience may raise people’s concern about environmental protection, which is in accord with previous findings (Piriyapada and Wang, 2014; Cicatiello et al., 2020; Jin and Li, 2020). Additionally, the coefficient of family size is significant at the 1% level, which indicates a negative correlation between family size and WTP. It means that households with large populations are less willing to pay than those with small populations, which is close to the results of Jones et al. (2008). Annual water consumption shows a significantly positive impact on the WTP, indicating that households with a higher water bill present higher WTP for upgrading technologies to improve marine quality.


Environmental perception, impact perception, and media attention play positive roles in residents’ WTP as expected. People’s understanding of things and attention to a certain event reveal the importance people attach to the thing and their attitude toward it, which will have a critical impact on their behavioral decision, consistent with previous studies (Shin et al., 2017; Yadav and Pathak, 2017). People who perceive severe environmental quality, perceive serious impacts of environmental pollution, or pay attention to the environmental issues, will be more likely to pay for the project of environmental quality improvement.





5.2.3  The heterogeneity of acceptability of water-pricing policy


The implementation of policy should not only consider economic efficiency, but also its acceptability among the public. Previous studies have found that price-control mechanisms impose inequitable burdens on low-income households (Clark and Finley, 2008; Olmstead and Stavins, 2009). Therefore, we make efforts to observe whether there are significant differences in the acceptability of pricing policy among different income groups to analyze the acceptability of the policy of price increase. We calculate the maximum acceptability of an increase in the unit price of water as the water policy using the following formula.




where Pimax
 is respondent i’s maximum acceptability of an increase in the unit price of water. WTPi
 is respondent i’s WTP for improving marine quality. WCi
 is respondent i’s water consumption.


The distribution of Pimax
 grouped by personal income is shown in 
Figure 2
. There are some differences in acceptance of pricing policy among different income groupings. Specifically, the upper and lower quantiles of the five income groups are quite different. The two groups with higher income show higher levels in the lower quartile of WTP than the three lower income groups. The median of the groups with the lowest income level is much smaller than the other groups. People in the low-income group express low acceptability of the water-pricing policy. Furthermore, the interaction between water price, income, and water-use behavior is also complicated. The increase in water price could lead to a strong impact on the household budget when income is lower (García-López et al., 2020). Therefore, it is necessary to consider the welfare of the low-income group when forming the water-pricing policy (Ruijs et al., 2008).





Figure 2 | 
Residents’ maximum acceptable pricing policy under different income levels. Note: The bottom of the box is the lower quantile, the bar in the middle of the box is the median, and the top of the box is the upper quantile. The bar at each end is the minimum and maximum acceptable price increase policy of the income group.









5.2.4  Cost of sewage treatment technology upgrades


A comparison of benefits and costs can be used to analyze the feasibility of the water-pricing policy as a tool to let technology upgrade. The previous section analyzes residents’ acceptability of the pricing policy through investigating their WTP for the technology upgrades, which can be considered as the benefit of it. Therefore, we try to explore the increase in water price from the perspective of the cost of technology upgrades in the following.



Tan et al. (2015b) constructed a cost–benefit model to analyze the differences in the regional operating costs using data from 227 sewage treatment plants, covering eastern, central, and western regions of China. The total costs were estimated to be 1.38 CNY/m3 on average. Different from the previous article, this paper investigates 129 sewage treatment plants in the eastern region of China and selects their operation costs, construction costs, and main pollutant concentration after treatment. Then, we gather the information about the standard of Class IV surface water quality in Environmental quality standard for surface water (GB3838-2002) and the sewage treatment standard in Discharge standard of pollutants for municipal wastewater treatment plant. Assuming the function is linear, the total cost of achieving Class IV surface water quality is estimated by OLS after selecting important indicators, such as ammonia nitrogen and biological oxygen demand. It is estimated that the total cost is 1.37 CNY/m3. It should be noted that this function ignores the nonlinear relationship between the cost and technology upgrades. Furthermore, this cost does not include the depreciation of the pipe network facilities and the cost of sludge treatment, so the cost is underestimated. The current standard sewage treatment charge is 1 CNY/m3 in Qingdao, which means that the water price should be increased by at least 0.37 CNY/m3 to meet the cost of upgrading the technologies of sewage treatment plants. Combined with residents’ acceptability of the water-pricing policy for collecting funds to improve the marine environment, it is found that raising water prices by 0.37 CNY/m3 to cover the costs of upgrading technologies and reduce the adverse influences of domestic sewage on marine quality is feasible.






5.3  Residents’ response of water-use behavior to the water-pricing policy




5.3.1  The water-pricing policy and changes in residents’ water-use behavior


Most residents are willing to pay for the technology upgrades through the analysis of residents’ WTP. Therefore, we further analyze the effect of the water-pricing policy on residents’ welfare. CB is used to observe the changes in residents’ water-use behavior in different scenarios of the pricing policy. We include some statistics of residents’ water-use behavior according to different water-pricing policy contexts before analyzing formulas 2 and 3.


As shown in 
Figure 3
, when the water-pricing policy scenario shows that the water price increases by 0.2 CNY/m3, respondents are not sensitive to the policy: 63.64% of respondents choose the option “no change.” When the water price increase policy is 0.5 CNY/m3, many respondents indicate that they will reduce their water consumption slightly. When the policy’s increase degree is 0.8 and 1.0 CNY/m3, only 11.00% and 3.59% of respondents still indicate that they will not change their water-use behavior. Furthermore, when the pricing policy increases by 2.0 CNY/m3, people have a strong reaction to the policy: 98.80% of people reduce their water usage, among which 80.39% choose to reduce their water consumption significantly. The proportion of people who choose the option “enormous reduction” reaches the highest in all pricing policy scenarios. It may be because, no matter whether respondents were told what the water-pricing policy was for or not, the extra price outweighs the benefits people could get. In conclusion, the water-pricing policy will have a negative influence on residents’ utilities as expected.





Figure 3 | 
The water-pricing policy and the changes in residents’ water-use behavior.









5.3.2  Regression results


The estimation results of Equation (2) are listed in 
Table 4
. Because of the six scenarios that every respondent faced, we get 2508 observations in total. Column (1) only investigates the impacts of the pricing policy, information, and annual water consumption on the changes in residents’ water-use behavior, whereas Column (2) further analyzes the environmental perception and media attention and considers the impact of control variables. Column (3) introduces the individual fixed effect and the control variables simultaneously. Column (4), the ordered logit model, is used to analyze the model to make a robustness test.



Table 4 | 
Regression results of residential water consumption.






The impacts of water-pricing policy on the change in residents’ water-use behavior are in line with our expectations and are positive and significant at the 1% level in all columns. The greater the water-pricing policy increase, the more obvious the reduction in residential water consumption. It suggests that consumers would respond to the water-pricing policy by lowering consumption. This is consistent with previous studies indicating that a careful manipulation of price can be an important contributor to water conservation (Martínez-Espiñeira and Nauges, 2004; Zetland, 2021). It may be because the water-pricing policy leads to the increase in the cost of living, thus promoting residents’ water-saving behavior (Savenije and van der Zaag, 2002). In summary, it reveals that most residents change their behavior when the price increase policy is high, indicating that their utilities may have been influenced. Thus, we need to think carefully about the formulation of the water-pricing policy.


The coefficients of the environmental improvement information are also significantly positive in all columns. Especially when the control variables and individual fixed effect are controlled, the coefficient of environmental improvement information changes significantly, increasing from approximately 0.07 to 11.62. It means that the transmission of environmental improvement information has a significantly positive impact on residents’ water-use behavior. In other words, residents who are presented with environmental improvement information tend to change their water-use habits and adopt water-saving behavior. It is consistent with previous studies that suggest the role of information is a critical tool to increase the willingness of residents to save energy (Ek and Söderholm, 2010; Sun et al., 2018). The environmental improvement information strengthens people's awareness of environmental protection; thus, people will voluntarily choose to conserve water for protecting the environment.


The negative effect of annual water consumption on water-saving behavior reveals that people who use more water per year are less likely to change their water habits than those who use less water. It may be because people who use more water in their daily life have a weaker awareness of water saving, thus indicating less willingness to conserve water than those who use less water.


In addition, environmental perception and media attention are positively correlated with residents’ willingness to reduce water consumption as expected. It shows that people who perceive the status of marine environmental damages or pay attention to marine environmental issues will be inclined to change their water-use habits and protect the environment.


Finally, in column (4), the direction and significance of all variables are in line with columns (1), (2), and (3). It demonstrates good coherence between the results obtained by the two approaches, which suggests that our results are robust.





5.3.3  Regression results of moderating effects


The estimation results of model 3 are reported in 
Table 5
. Specifically, all columns consider the impacts of individual fixed effect and control variables. The result, as given in column (1), indicates that the interaction of environmental improvement information with the pricing policy is found to be positive and significant at the 5% level. The marginal effect of the water-pricing policy on reducing water consumption depends on information transmission. In the face of the same policy scenario, people who know the environmental improvement information show a higher willingness to reduce water consumption than those who don’t know. It implies that the water-pricing policy has a stronger effect on promoting residents’ water-saving behavior when respondents are informed of environmental improvement information.



Table 5 | 
Regression results of moderating effects.






The interaction between information transmission and environmental perception shows a negative role in reducing water consumption. Meanwhile, the coefficient of environmental perception is still significantly positive, which suggests that the transmission of the environmental improvement information negatively moderates the effect of environmental perception on water-saving behavior. The information would let people who did not recognize the environmental damages at the beginning realize their behavior’s negative impacts on environment and then increase their willingness to reduce water consumption. That is, the differences in the incentives to protect the environment between people with high environmental perception and those with low environmental perception are reduced in the context of environmental improvement information transmission.


In addition, the result in column (3) indicates that information transmission positively moderates the effect of media attention on the change in water-use behavior. It implies that media attention has stronger effects on reducing water consumption when the information is presented. People with higher media attention may more easily receive the environmental improvement information and be affected by it than those with lower media attention. Therefore, they may be more likely to perceive a high responsibility to protect the environment under the information transmission.


To control for correlations between the variables interacting with information transmission, we further include three interactions within the same model. The results are shown in column (4). The directions and significance of critical variables are almost consistent with that in the former columns, which demonstrates that the moderating effects of information transmission exist.







6  Conclusions


Improving the quality of water after treatment is an important step to reduce the huge negative impacts of domestic sewage on the ocean and coastal environment and to further improve marine water quality. This study attempts to provide a useful reference for the government to consummate a management policy through exploring a proper increase in the water price to collect funds for upgrading technologies of sewage treatment plants. First, this paper investigates public preferences for the improvement of marine water quality and reveals that the mean of household WTP is 97.15 CNY per year for the scenario, which assumes that water quality after improving domestic sewage treatment technologies meet level IV of the Environmental Quality Standards for Surface Water (EQSSW, GB3838-2002) in Qingdao, China. The average water-pricing policy that residents can accept is 0.90 CNY/m3. Additionally, people in the low-income group are willing to accept a lower water-pricing policy. Furthermore, we estimate that water prices should increase 0.37 CNY/m3 from the viewpoint of the cost of technology upgrades. It suggests that residents’ WTP could cover the cost of upgrading technologies for reducing the negative impacts caused by wastewater, which could give some policy implications for developing water-pricing policies.


Second, we apply contingent behavior to investigate the changes in residents’ utilities in the face of the water-pricing policy and explore the determinants of residents’ water-conservation behavior. According to the results, a high individual’s willingness to conserve water is found if a respondent faces the scenario of a high water-pricing policy. People with high environmental perception, high media attention, or low water consumption intend to save water. The transmission of environmental improvement information that raising water prices is used for technical progress in sewage treatment plants to weaken the negative impacts of wastewater will encourage people to adopt pro-environmental behaviors. In addition, we examine the moderating effects of the information transmission. The results show that the dissemination of information on environmental improvement will positively moderate the influence between the pricing policy and residents’ water-saving behavior. The results of this study could help policymakers to better understand how to guide people’s behavior in policy-enforcement environment segments with different characteristics.


This paper discusses the acceptability of water-pricing policy to manage marine pollution and explores the effects of policy scenarios and information transmission on residents’ water-conservation behavior, which has important policy implications for the government to establish an effective mechanism to manage the negative impacts of domestic sewage. From the perspective of management practice, the government needs to publish a pricing policy to collect funds for reducing the impacts of domestic sewage. First, raising funds may need the participation of all residents. Combining residents’ acceptability of water-pricing policy with the estimated cost required by the upgrading technologies of the sewage treatment plants, it can provide a useful reference for the decision making of the water-pricing policy to collect funds. Second, the implementation of the policy needs to take an individual’s utility into account, which means that an appropriate pricing policy should not be too high. Furthermore, the low-income group can only accept a low level of pricing policy due to income constraints, so the government should take the opinions of lower income groups into account before making the policy. Meanwhile, our findings also highlight the importance of information transmission in promoting public participation in marine pollution management. The transmission of environmental improvement information not only promotes the residents’ water-saving behavior, but also increases the transparency of the government and strengthens the effectiveness of policy implementation. Therefore, the government should attach importance to establish an information publishing platform to release authoritative information. Otherwise, not only does the nondisclosure of information induce the suppression of residents’ environmentally friendly behaviors, it also weakens the positive effect of a price increase policy on residents’ water-saving behavior. Besides this, the government should mobilize residents to build a good social environment to actively participate in water saving. Although the local government in China has thought highly of the adverse impacts of wastewater on marine environment, it remains a major challenge for the government’s future work to reduce its negative impacts.
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1Class IV surface water quality: The water is applicable for the areas of general industrial protection and the entertainment areas where the water does not contact with human body directly.






References




 Abu-Bakar, H., Williams, L., and Hallett, S. H. (2021). A review of household water demand management and consumption measurement. J. Cleaner Product. 292, 125872. doi: 10.1016/j.jclepro.2021.125872






 Aguilar, F. X., Obeng, E. A., and Cai, Z. (2018). Water quality improvements elicit consistent willingness-to-pay for the enhancement of forested watershed ecosystem services. Ecosyst. Serv. 30, 158–171. doi: 10.1016/j.ecoser.2018.02.012






 Araya, F., Osman, K., and Faust, K. M. (2020). Perceptions versus reality: Assessing residential water conservation efforts in the household. Resour. Conserv. Recy. 162, 105020. doi: 10.1016/j.resconrec.2020.105020






 Arbués, F., García-Valiñas, M. Á., and Martínez-Espiñeira, R. (2003). Estimation of residential water demand: a state-of-the-art review. J. Socio-Econ. 32, 81–102. doi: 10.1016/S1053-5357(03)00005-2






 Barton, D. N. (2002). The transferability of benefit transfer: contingent valuation of water quality improvements in Costa Rica. Ecol. Econ. 42, 147–164. doi: 10.1016/S0921-8009(02)00044-7






 Bateman, I. J., Day, B. H., Georgiou, S., and Lake, I. (2006). The aggregation of environmental benefit values: Welfare measures, distance decay and total WTP. Ecol. Econ. 60, 450–460. doi: 10.1016/j.ecolecon.2006.04.003






 Beal, C. D., Stewart, R. A., and Fielding, K. (2013). A novel mixed method smart metering approach to reconciling differences between perceived and actual residential end use water consumption. J. Cleaner Product. 60, 116–128. doi: 10.1016/j.jclepro.2011.09.007






 Birol, E., and Das, S. (2010). Estimating the value of improved wastewater treatment: the case of river ganga, India. J. Environ. Manage 91, 2163–2171. doi: 10.1016/j.jenvman.2010.05.008






 Choi, D. S., and Ready, R. (2021). Measuring benefits from spatially-explicit surface water quality improvements: The roles of distance, scope, scale, and size. Resource Energy Econ. 63, 101108. doi: 10.1016/j.reseneeco.2019.07.002






 Cicatiello, L., Ercolano, S., Gaeta, G. L., and Pinto, M. (2020). Willingness to pay for environmental protection and the importance of pollutant industries in the regional economy. Evid. Italy Ecol. Econ. 177, 106774. doi: 10.1016/j.ecolecon.2020.106774






 Clark, W. A., and Finley, J. C. (2008). Household water conservation challenges in blagoevgrad, Bulgaria: a descriptive study. Water Int. 33, 175–188. doi: 10.1080/02508060802023264






 Czajkowski, M., Ahtiainen, H., Artell, J., and Meyerhoff, J. (2017). Choosing a functional form for an international benefit transfer: Evidence from a nine-country valuation experiment. Ecol. Econ. 134, 104–113. doi: 10.1016/j.ecolecon.2017.01.005






 Dardanoni, V., and Guerriero, C. (2021). Young people' s willingness to pay for environmental protection. Ecol. Econ. 179, 106853. doi: 10.1016/j.ecolecon.2020.106853






 Dolnicar, S., Hurlimann, A., and Grün, B. (2012). Water conservation behavior in Australia. J. Environ. Manage. 105, 44–52. doi: 10.1016/j.jenvman.2012.03.042






 Du, M. Z., Liao, L. P., Wang, B., and Chen, Z. F. (2021). Evaluating the effectiveness of the water-saving society construction in China: A quasi-natural experiment. J. Environ. Manage. 277, 111394. doi: 10.1016/j.jenvman.2020.111394






 Ek, K., and Söderholm, P. (2010). The devil is in the details: Household electricity saving behavior and the role of information. Energy Policy 38, 1578–1587. doi: 10.1016/j.enpol.2009.11.041






 El-Khattabi, A. R., Eskaf, S., Isnard, J. P., Lin, L., McManus, B., and Yates, A. J. (2021). Heterogeneous responses to price: Evidence from residential water consumers. J. Environ. Econ. Manage. 107, 102430. doi: 10.1016/j.jeem.2021.102430






 Fan, L. X., Gai, L. T., Tong, Y., and Li, R. H. (2017). Urban water consumption and its influencing factors in China: Evidence from 286 cities. J. Cleaner Product. 166, 124–133. doi: 10.1016/j.jclepro.2017.08.044






 Fielding, K. S., Russell, S., Spinks, A., and Mankad, A. (2012). Determinants of household water conservation: The role of demographic, infrastructure, behavior, and psychosocial variables. Water Resour. Res. 48, W10510. doi: 10.1029/2012WR012398






 Fu, X.-M., Zhang, M.-Q., Liu, Y., Shao, C.-L., Hu, Y., Wang, X.-Y., et al. (2018). Protective exploitation of marine bioresources in China. Ocean Coast. Manage. 163, 192–204. doi: 10.1016/j.ocecoaman.2018.06.018






 García-López, M., Montano, B., and Melgarejo, J. (2020). Water pricing policy as tool to induce efficiency in water resources management. Int. J. Environ. Res. Public Health 17, 3534. doi: 10.3390/ijerph17103534






 Hildering, A., Keessen, A. M., and Van Rijswick, H. F. M. W. (2009). Tackling pollution of the Mediterranean Sea from land-based sources by an integrated ecosystem approach and the use of the combined international and European legal regimes. Utrecht Law Rev. 5, 80–100. doi: 10.18352/ulr.96






 Jiang, S., Wang, J. H., Zhao, Y., Lu, S. B., Shi, H. W., and He, F. (2016). Residential water and energy nexus for conservation and management: A case study of tianjin. Int. J. Hydrogen Energy 41, 15919–15929. doi: 10.1016/j.ijhydene.2016.04.181






 Jin, T., and Li, M. (2020). Does education increase pro-environmental willingness to pay? evidence from Chinese household survey. J. Cleaner Product. 275, 122713. doi: 10.1016/j.jclepro.2020.122713






 Jones, N., Sophoulis, C. M., and Malesios, C. (2008). Economic valuation of coastal water quality and protest responses: A case study in mitilini, Greece. J. Socio-Econ. 37, 2478–2491. doi: 10.1016/j.socec.2007.06.002






 Jørgensen, S. L., Olsen, S. B., Ladenburg, J., Martinsen, L., Svenningsen, S. R., and Hasler, B. (2013). Spatially induced disparities in users' and non-users' WTP for water quality improvements-testing the effect of multiple substitutes and distance decay. Ecol. Econ. 92, 58–66. doi: 10.1016/j.ecolecon.2012.07.015






 Kenney, D. S., Goemans, C., Klein, R., Lowrey, J., and Reidy, K. (2008). Residential water demand management: Lessons from aurora, Colorado1. JAWRA J. Am. Water Resour. Assoc. 44, 192–207. doi: 10.1111/j.1752-1688.2007.00147.x






 Larue, B., West, G. E., Singbo, A., and Tamini, L. D. (2017). Risk aversion and willingness to pay for water quality: The case of non-farm rural residents. J. Environ. Manage. 197, 296–304. doi: 10.1016/j.jenvman.2017.03.050






 Machado, F. S., and Mourato, S. (2002). Evaluating the multiple benefits of marine water quality improvements: how important are health risk reductions? J. Environ. Manage. 65, 239–250. doi: 10.1006/jema.2002.0531






 Martínez-Espiñeira, R., and Nauges, C. (2004). Is all domestic water consumption sensitive to price control? Appl. Econ. 36, 1697–1703. doi: 10.1080/0003684042000218570






 Martin-Ortega, J., Brouwer, R., Ojea, E., and Berbel, J. (2012). Benefit transfer and spatial heterogeneity of preferences for water quality improvements. J. Environ. Manage. 106, 22–29. doi: 10.1016/j.jenvman.2012.03.031






 Marzano, R., Rougé, C., Garrone, P., Harou, J. J., and Pulido-Velazquez, M. (2020). Response of residential water demand to dynamic pricing: Evidence from an online experiment. Water Resour. Econ. 32, 100169. doi: 10.1016/j.wre.2020.100169






 Olmstead, S. M., and Stavins, R. N. (2009). Comparing price and nonprice approaches to urban water conservation. Water Resour. Res. 45, W04301. doi: 10.1029/2008WR007227






 Pakalniete, K., Aigars, J., Czajkowski, M., Strake, S., Zawojska, E., and Hanley, N. (2017). Understanding the distribution of economic benefits from improving coastal and marine ecosystems. Sci. Total Environ. 584, 29–40. doi: 10.1016/j.scitotenv.2017.01.097






 Peng, M., and Oleson, K. L. L. (2017). Beach recreationalists' willingness to pay and economic implications of coastal water. quality problems in Hawaii. Ecol. Econ. 136, 41–52. doi: 10.1016/j.ecolecon.2017.02.003






 Piriyapada, S., and Wang, E. (2014). Quantifying the costs and benefits of coastal water quality improvements in the ko Chang marine national park, Thailand. Environ. Process. 1, 149–169. doi: 10.1007/s40710-014-0013-y






 Renwick, M. E., and Green, R. D. (2000). Do residential water demand side management policies measure up? an analysis of eight California water agencies. J. Environ. Econ. Manage. 40, 37–55. doi: 10.1006/jeem.1999.1102






 Rolfe, J., and Gregg, D. (2012). Valuing beach recreation across a regional area: The great barrier reef in Australia. Ocean Coast. Manage. 69, 282–290. doi: 10.1016/j.ocecoaman.2012.08.019






 Ruijs, A., Zimmermann, A., and van den Berg, M. (2008). Demand and distributional effects of water pricing policies. Ecol. Econ. 66, 506–516. doi: 10.1016/j.ecolecon.2007.10.015






 Russell, S. V., and Knoeri, C. (2020). Exploring the psychosocial and behavioural determinants of household water conservation and intention. Int. J. Water Resour. Dev. 36, 940–955. doi: 10.1080/07900627.2019.1638230






 Savenije, H. H. G., and van der Zaag, P. (2002). Water as an economic good and demand ManagementParadigms with pitfalls. Water Int. 27, 98–104. doi: 10.1080/02508060208686982






 Schleich, J., and Hillenbrand, T. (2009). Determinants of residential water demand in Germany. Ecol. Econ. 68, 1756–1769. doi: 10.1016/j.ecolecon.2008.11.012






 Šebo, J., Gróf, M., and Šebová, M. (2019). A contingent valuation study of a polluted urban lake in kosice, Slovakia: The case of the positive distance effect. J. Environ. Manage. 243, 331–339. doi: 10.1016/j.jenvman.2019.05.051






 Shan, J., Li, J., and Xu, Z. (2019). Estimating ecological damage caused by green tides in the yellow Sea: A choice experiment approach incorporating extended theory of planned behavior. Ocean Coast. Manage. 181, 104901. doi: 10.1016/j.ocecoaman.2019.104901






 Shin, Y. H., Moon, H., Jung, S. E., and Severt, K. (2017). The effect of environmental values and attitudes on consumer willingness to pay more for organic menus: A value-attitude-behavior approach. J. Hosp. Tourism Manage. 33, 113–121. doi: 10.1016/j.jhtm.2017.10.010






 Sun, Y., Li, P. N., She, S. X., Eimontaite, I., and Yang, B. (2018). Boosting water conservation by improving campaign: Evidence from a field study in China. Urban Water J. 15, 966–973. doi: 10.1080/1573062X.2019.1581233






 Tan, X., Shi, L., Chen, Z., Li, T., Ma, Z., Zheng, X., et al. (2015a). Cost analysis of the municipal wastewater treatment plant operation based on 227 samples in China. Water Wastewater Eng. 41, 30–34. doi: 10.13789/j.cnki.wwe1964.2015.0152 (In Chinese)





 Tan, X., Shi, L., Ma, Z., Zhang, X., and Lu, G. (2015b). Institutional analysis of sewage treatment charge based on operating cost of sewage treatment plant–an empirical research of 227samples in China. China Environ. Sci. 35, 3833–3840. doi: 10.3969/j.issn.1000-6923.2015.12.039 (In Chinese)





 Tong, S.-q., Song, N.-q., Yan, H.-k., and Fu, Q. (2014). Management measures and recommendations in improving the bohai Sea environment over the last quarter century. Ocean Coast. Manage. 91, 80–87. doi: 10.1016/j.ocecoaman.2014.01.002






 Tong, Y., Fan, L. X., and Niu, H. P. (2017). Water conservation awareness and practices in households receiving improved water supply: A gender-based analysis. J. Cleaner Product. 141, 947–955. doi: 10.1016/j.jclepro.2016.09.169






 Tuhkanen, H., Piirsalu, E., Nõmmann, T., Karlöševa, A., Nõmmann, S., Czajkowski, M., et al. (2016). Valuing the benefits of improved marine environmental quality under multiple stressors. Sci. Total Environ. 551, 367–375. doi: 10.1016/j.scitotenv.2016.02.011






 Vesterinen, J., Pouta, E., Huhtala, A., and Neuvonen, M. (2010). Impacts of changes in water quality on recreation behavior and benefits in Finland. J. Environ. Manage. 91, 984–994. doi: 10.1016/j.jenvman.2009.12.005






 Wang, D. Z., Zhang, S. F., Zhang, H., and Lin, S. J. (2021). Omics study of harmful algal blooms in China: Current status, challenges, and future perspectives. Harmful Algae 107, 102079. doi: 10.1016/j.hal.2021.102079






 Wang, H., He, J., Kim, Y., and Kamata, T. (2013a). Willingness-to-pay for water quality improvements in Chinese rivers: An empirical test on the ordering effects of multiple-bounded discrete choices. J. Environ. Manage. 131, 256–269. doi: 10.1016/j.jenvman.2013.07.034






 Wang, H., Shi, Y., Kim, Y., and Kamata, T. (2013b). Valuing water quality improvement in China: A case study of lake puzhehei in yunnan province. Ecol. Econ. 94, 56–65. doi: 10.1016/j.ecolecon.2013.07.006






 Xu, Z., Li, S., Li, J., and Shan, J. (2021). The effect of consequentiality on the residents’ willingness to pay for the governance of ulva prolifera bloom in qingdao, China. Mar. Policy 126, 104404. doi: 10.1016/J.MARPOL.2021.104404






 Xu, Z., Li, J., Yang, Z., and Shan, J. (2020). Residents’ willingness to pay for the elimination of ulva prolifera bloom: a case study in qingdao, China. J. Environ. Plann. Manage. 64, 755–773. doi: 10.1080/09640568.2020.1784114






 Xu, Z. H., and Shan, J. Z. (2018). The effect of risk perception on willingness to pay for reductions in the health risks posed by particulate matter 2.5: A case study of Beijing, China. Energy Environ. 29, 1319–1337. doi: 10.1177/0958305X18776547






 Yadav, R., and Pathak, G. S. (2017). Determinants of consumers' green purchase behavior in a developing nation: Applying and extending the theory of planned behavior. Ecol. Econ. 134, 114–122. doi: 10.1016/j.ecolecon.2016.12.019






 Zetland, D. (2021). The role of prices in managing water scarcity. Water Secur. 12, 100081. doi: 10.1016/j.wasec.2020.100081






 Zhang, L., Fukuda, H., and Liu, Z. H. (2019). Public willingness to pay for sand and dust weather mitigation: A case study in Beijing, China. J. Cleaner Product. 217, 639–645. doi: 10.1016/j.jclepro.2019.01.234






 Zhao, J., Ni, H., Peng, X., Li, J., Chen, G., and Liu, J. (2016). Impact of water price reform on water conservation and economic growth in China. Econ. Anal. Policy 51, 90–103. doi: 10.1016/j.eap.2016.06.003






 Zhou, K., Tan, X., Jiang, S., Wen, Y., Shi, L., and Ma, Z. (2020). Operational efficiency evaluation of urban sewage treatment plants based on SFA in China. J. Arid Land Resour. Environ. 34, 150–155. doi: 10.13448/j.cnki.jalre.2020.196 (In Chinese)





Publisher’s note:
All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2023 Xu, Wang, Li and Shan. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OEBPS/Images/fmars-10-1105837-g001.jpg
P

k.Y

ye

¥

Introduction

B ———»/ Questionaire +————  CVM
J / N /
/ N/ N/ N\
Perceptual variables wrp Contingent behavior | | Demographic atributes |
5 N l A /X /
, ~ 77 N
( Gender
Environmental perception | | Water consumption | | Waterpricing poliy scenarios Education
Impact perception Paymentcard | | The information transmission Family size
Media attention Respondents' WTP | | Residents’ water-use behavior Income
) )\ )\ Occupation






OEBPS/Images/M4.jpg
E(WTP)

(4)





OEBPS/Images/M2.jpg
Yi=a+ByP;+BEL+BZ;+ BX;+ ¥ +¢€;





OEBPS/Images/M6.jpg
Pimax = WTP; /WC;





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Residents' acceptability and response to the water-pricing policy to reduce marine pollution caused by domestic sewage

      

        		

          1. Introduction.

        



        		

          2. Literature review.

        

          		

            2.1. WTP for marine water quality improvement.

          



          		

            2.2. Factors influencing water-use behavior.

          



        



        



        		

          3. Methods.

        

          		

            3.1. Survey instrument.

          



          		

            3.2. Measures.

          

            		

              3.2.1. WTP for improving marine water quality.

            



            		

              3.2.2. Contingent behavior.

            



            		

              3.2.3. Other measures.

            



          



          



          		

            3.3. Sample.

          



        



        



        		

          4. Estimate strategy.

        

          		

            4.1. Determinants of the WTP for improving marine water quality.

          



          		

            4.2. The influence factors on residents’ water consumption.

          



          		

            4.3. The role of information transmission.

          



        



        



        		

          5. Results.

        

          		

            5.1. Descriptive statistics.

          

            		

              5.1.1. Public awareness and attitude toward marine environmental protection.

            



            		

              5.1.2. Annual water consumption.

            



          



          



          		

            5.2. Residents’ acceptability of the water-pricing policy.

          

            		

              5.2.1. Statistics of WTP.

            



            		

              5.2.2. Influence factors of the WTP.

            



            		

              5.2.3. The heterogeneity of acceptability of water-pricing policy.

            



            		

              5.2.4. Cost of sewage treatment technology upgrades.

            



          



          



          		

            5.3. Residents’ response of water-use behavior to the water-pricing policy.

          

            		

              5.3.1. The water-pricing policy and changes in residents’ water-use behavior.

            



            		

              5.3.2. Regression results.

            



            		

              5.3.3. Regression results of moderating effects.

            



          



          



        



        



        		

          6. Conclusions.

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          Footnote

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fmars-10-1105837-g002.jpg
Maximum acceptable price increase policy(CNY /m?)
120

SRR

R

10000 35000 85000 180000 300000
Personal gross income(CNY / a)





OEBPS/Images/table2.jpg
Variable

Obseratons
Permancnt resident of Qingdso

Gender

A

Educaion

Family size

Peronalgrossincome
(anit 1000CNYA)

Fanly gross income.
(unit 1000CNVA)

Definition

Yese0, Nost
Male=0, Femsles1

Below 1841, 18.25-2,26.30-3, 3140w,
4115045, 51.60-6, Above 617

Junor middic school or below1,
High school o vocational high schol:

Famiy populstion

Bl 201, 20-50-2, 50-120-3, 120-240-4,

Above 240-5

Below 2011, 20.50-2, 5012043, 120.240-4,

210-360-5, 360-500-6, Aboves00-7

Whole
s
028045

osi048)

s31022)

ss0031)

s590160)

2690109)

3950128)

Mean (5.0)

Treatment group

us

025043

83049

82082

ses20)

275012)

s98022)

1w
032047)

os6018)

ssi027)

s76081)

350089

261005

391026





OEBPS/Images/table4.jpg
Variable

0]

1579
il oo
oo
Emiconmeni improvemcnt -
o
- ol
Envronmentl precpion '
pr— i
Contols xo
Indvidul Fied et xo
Obrvtons 2508
Rqureiicudo R 0sn
Loglikcbood '

o9

'

()

15790
0019

nex
s69)

1516
wesn)

o
©020)

s
(365

vis
vis

250

osis

'

@

S50

00
@0

s
ves

508

o817

1538795

) ool swarenss ofthe asards o dosie s, mpct prcption whthe th respondent fe gt the seide, whthe thy ar hepermancnt rsidents of Gingda, 856, ende,

Al Gl oo sy v o i s s

(2) 74 ped, = peds, * ped.





OEBPS/Images/table3.jpg
“
2
B
s

@

1053
s26
1029
1077
951

1627

168
e
nn
00
w51

o

ayment level

1150
151200
01250
251300
s01-400
01500

Above 500

Freq

ncy.

Ratio

s
66
746
26
215

10

ive ration (%)

w90

8636

9102

10000

10000





OEBPS/Images/M3.jpg
Y= f: BoPy + BiEL + BoWi + BZ; + BX; + BEL X W, + 75 .
7





OEBPS/Images/fmars.2023.1105837_cover.jpg
& frontiers | Frontiers in Marine Science

Residents' acceptability and response to the
water-pricing policy to reduce marine
pollution caused by domestic sewage





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Marine Science





OEBPS/Images/M1.jpg
In(WTP; + 1) = B, + B;A; + B>S; + €;





OEBPS/Images/fmars-10-1105837-g003.jpg
o chnge
sighteduction
modernte reducion
~sigificat rducic
= cuonmous eduction





OEBPS/Images/table1.jpg
Variabl iy

Mo cvironmental | e hove i, you think e st polution in Qingdso

g te how clear, you think the scawater in Qing

(@=0.76, AVE=0468, e how e 00 ik fhe; Qg

CRe03) Rt ho scrios you thik U prffrs b i Qg
Plse e, i erms oftheexten of cconomic dvelopmen,thesverty rom maine
cnvionmenal damges

Impact pecpion

(w082, AVE-073,
cRe0s9)

Media aenton
(=084, AVE-075,
CcRe0s0)

S, Stndsnd devistion

Plese rt, n erms of the xten of the qualiy ofresdent’ e, th svey from marine
environmental dsmages

Plese rt, in erms of the xten of th ives of aher organiss he sty from marine
environmental damages

Antion torlted telvised coverage of marine environment

Atation to WeChat Officil Accounts corcrag of marins environment

Aation to Iteent coverage of mrine nvironment

Mean
(D)

s060091)

2850036)

s0201.00)

28001.05)

2720106)

22901.06)

S1001.05)

s110108)

s28(108)

1 B Rgression weights  rlsbity: Cronbach's s CRe Composite relisblty: AVE: Average variance cxracted value,

Options (1 to

(not srious, veryseiou)
[r———

(not serous, veryseious)

(sry seious, o srows)

(sry seious, o srows)

sy serious, o srows)

(00 concen s sl very
concemned)

(n0 concen sl vy
concerned)

(n0 concen a al vy
concerned)

B

036
ost

o

oss

o8

™

o7

o7





OEBPS/Images/M5.jpg
Pmean = E(WTP)/TWC = 97.15CNY /(household~a) /108 (m" [ household+a)
=0.90CNY /m*

5)





OEBPS/Images/table5.jpg
Variables ) @ @) )

— 15790 179 L3
iing polcy 0019) (009 (009)

o s o

Enviconmental improvement (oam) (0187 019

1516 o103 0363 oost

M i) 065 (0150) (02m) ©0216)

5 T o9 o7 0 o
Eavionmentl percpion (020) (0326 (@199 (026

L35z o L

Nedigoation (361 (037) (0379) 0357)

. . oo oo

Enironmental improvement  Picng policy o ' ' Ty
Environmcatsl improverment , s , Lo

* Emironmental percepion (0392) (0330)

» Lo o017

Emironmental improvement *Vedi aenton / ' o o
Conteks Yes i i YES

Idiidusl Fixed efct Yes ES i i
Observations 2508 250 2508 2508

Requared osis osis osis osis

() ot swarcnss ofthe arards o docstic s, mpct prcprion whthe th respondent fe g the s, whthe thy ar hepermancnt rsidents of Qingda, 356, ende,
cducton el amily iz, iy grons ncoo,and ool goss ncome
(2) 74 peOOI, * pea0s,* ped.,





