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Abstract

:

Accurately estimating the forest farmers’ protection costs for forest ecosystem services has become a hot issue in ecological economics. In this research, we propose a novel method of using an auction price model to evaluate the forest ecosystem services. We establish a functional relationship between forest farmers and the forestland that belongs to them based on experimental data from Xin’an River Basin in China. The results indicate that the average willingness of farmers to accept payment for forest ecosystem service protection in the low, middle, and high levels of forest quality is 17,123.10, 23,493.75, and 31,064.40 yuan/ha/year, respectively. Moreover, farmers with different individual characteristics, household characteristics, planting characteristics, policy cognition, and ecological awareness are also willing to be paid differently. This research can provide a reference for forest ecosystem protection policies and assist the sustainable forestry development.
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1. Introduction


Providing forest ecosystem service performance rewards is an alternative to command-and-control or indirect conservation incentives [1,2,3]. By compensating forest owners for conservation costs, the private and public benefits of conservation can be reconciled [4,5,6,7,8,9]. The use of payment requires accurate estimations of private costs, in particular the willingness of forest owners to accept protection contracts [10,11,12,13,14]. This insufficient compensation will not result in behavioral changes due to the high violation rates for forest owners [15]. If these owners are not compensated accurately, the approach would not maximize conservation benefits [16,17,18].



The basic concept of forest ecosystem services is defined as public goods that are easily overused and underestimated, which will lead to the loss of service value, exploitation, and fragmentation, and seriously reduce service functions [19,20,21]. Therefore, forest ecological compensation is of great importance for the rational use of forest resources and the effective protection of forest ecology [22,23,24]. According to the policy, stakeholders’ interests are adjusted by means of economics and are compensated for the costs (or losses caused by the destruction of resources and the environment) of their protection, to achieve the purpose of preserving the ecosystem [25,26,27]. Payment for Ecosystem Services (PES) is a project tool that is widely used internationally [28,29,30]. PES projects compensate for the reconstruction of ecosystem services caused by improving the damaged environmental conditions [31,32,33,34].



A literature review of ecological economics shows that conservation benefits can be obtained by incorporating cost measures into conservation planning processes [23]. Nevertheless, conservation planners do not know what the opportunity cost of conservation is for forest owners. Consequently, there are a variety of methods for estimating these costs [35,36].



In the past few years, scholars found that the current payment option in PES projects cannot accommodate information asymmetry, which can result in the loss of some protectors. A lack of adequate compensation leads to an uneven distribution of compensation funds and social injustice [37]. Thus, some studies use auctions to deal with information asymmetry [38]. In contrast, the Contingent Valuation Method (CVM) [39,40] and Choice Experiments (CE) [41,42] are widely used and highly recognized. A CVM method was first proposed and used by Davis in 1963 to evaluate the recreational value of forestland in Maine [43]. In recent years, the CVM method has been widely applied to measure both the use value and non-use value of environmental goods. However, there are some limitations, such as the fact that only one environmental attribute can be measured at one time [44] and that inaccurate results can easily occur as a result of inherent bias [43]. A CE method is based on Lancaster’s characteristics theory of value [45] and random utility theory [46,47]. Originally developed by Louvier [48,49] and others [50], it allows participants to establish a selection set by setting different attribute combinations so that each attribute can be weighed and the most preferred combination scheme can be chosen. Nevertheless, both the CE and the CVM are essentially based on hypothetical markets. In the hypothetical market, it is common for consumers to overestimate or underestimate their actual willingness to pay (or accept) for goods and services. Since the ecological compensation program in China will establish a market mechanism for adjusting interests and allocating resources, experimental economics should be used to simulate the market environment and achieve compensation standards that are more adaptable with the market prices of forest ecosystem services.



The auction price method is widely used as a representative method to evaluate commodities in non-market transactions. The effectiveness of experimental auction methods depends mainly on the choice of auction mechanism. Vickrey auction mechanisms [50], BDM (Becker-DeGroot-Marschak) mechanisms [51], and random n-price auction mechanisms [52] are currently widely used. Vickrey auctions require all participants to bid simultaneously. The highest bidder wins and only has to pay the second highest, which generally satisfies the principle of incentive compatibility, although there may be an issue with low bids in the implementation and cannot be implemented in individual experiments. BDM does not require group participation and it is suitable for individual experiments, which provides the assurance of randomness in sampling, as well as the avoidance of the information association defect caused by group auctions. Thus, the “insincere” nature of bidding can be effectively eliminated by Random n-price auctions, which combine the advantages of Vickrey auctions and BDM mechanisms and comply with the principle of incentive compatibility, overcome competitive bias, and obtain the most accurate data [53]—but they have the disadvantage of being difficult to explain to participants and difficult to organize. In the experiment, the auction mechanism is introduced and the participants’ real preferences can be gathered; the rigorous experimental procedures and the repeated experimental process make the experimental environment more like the real market: the participants can be familiar with the auctioned items and the experimental process ensures data authenticity and prevents the problem of non-response bias. Recent studies have concentrated on the design and cost-effectiveness of ecological service auctions. Lewis et al. have tried to build an auction mechanism in the context of climate change [54]. Sharma et al. have examined forest carbon sequestration service payments under discriminatory price auctions [55]. Lundberg et al. have explored fixed payments and the procurement cost-effectiveness of payments for ecosystem services under two mechanisms of auction [28].



Therefore, we investigate the minimum price they require for the contract activities for the provision of forest ecosystem services using an experimental auction method based on the BDM mechanism. Moreover, we establish the multivariant probit model (MVP), which aims to obtain the farmers’ characteristics, household characteristics, policy cognition, and ecological cognition to explore differences in the farmers’ willingness to accept a contract (WTA) for forest ecosystem services at different quality levels. Additionally, we compare their influencing factors. Finally, we calculate a reasonable range of ecological compensation standards. This research makes the following contributions to the previous literature: (i) exploring the underlying theory of forest ecosystem service measurement and its connection with farmers. In this study, we discuss the auction price method and the advantages of the BDM approach compared to the conventional methods; (ii) regarding real marketing among farmers, it is meaningful to explain the differences in economic value that are attributable to the different farmers’ groups; and (iii) it is expected that the analytical results will have implications for forest ecosystem management regarding ecological transfer payments and its budget allocation.



In the following section, the paper is organized as follows. Section 2 proposes an empirical model framework and outlines the experimental design and data collection process. Section 3 addresses the model results, and is followed by Section 4, which presents the study summary and conclusions.




2. Methodology


2.1. Sampling and Research Area


We designed a questionnaire that involved two aspects: one related to the individual characteristics, household and planting characteristics, and the social capital of farmers. The other regarded simulating the form of forestland lease auction contract. The experiment was conducted in two groups for household research. Firstly, the head of the household (or a family member who knew about the production of forestland) was asked to fill out a basic questionnaire. Then, the researcher introduced and briefly demonstrated the auction processes and rules. In the end, the experiment was conducted by simulating forestland lease auction contracts. A total of 300 farmers were invited for this experiment, with a valid sample size of 272. The efficiency of the questionnaire reached 90.67%.



As shown in Figure 1, the study sample covered ten villages in Anhui province in China, and thus represented a typical range of conditions in the ecological management of the Xin’an River and its core areas for implementing an ecological compensation policy. The whole survey process lasted about six months—from June to December in 2020. The sample in our study was randomly selected from Xiuning County and She County of Huangshan City. Xiuning County is the fountainhead of Xin’an River. She County is located at the junction of Anhui and Zhejiang province, where the water quality data of the station in Jiekou Town is a key judgement criterion for compensation implementation. For each county, we selected 2–3 townships and 2–3 villages, which were randomly selected from the selected townships. Furthermore, we investigated 30 farmers in each village.




2.2. Auction Method


BDM auctions can better reveal the willingness preferences of farmers for its uses with real monetary incentives by setting up a real market environment. In order to achieve more accurate results, the whole experimental process must be rigorously designed. The experiment includes several components, such as determining the auction product, selecting the auction mechanism, and determining the experimental environment and execution steps. Each step must be carefully considered to guarantee the validity of the experimental auction results. The specific design framework is shown in Figure 2.



2.2.1. Auction Products


Forest ecosystem services, as intangible ecological products, are difficult to understand for farmers unless they are directly used as the auction products. Therefore, the selection of reasonable alternatives has a key impact on the experimental auction. Xiuning County and She County are located in the mountainous areas of southern Anhui, with undulating terrain and limited arable land. Farmers take forestry activities (tea and fruit trees) as their main income resources. At the end of 2019, the tea garden area of the two counties was 10,751 hectares and 17,142 hectares, respectively, accounting for 20.69% and 32.99% of the total tea garden area of Huangshan City, respectively. This study is based on the natural and economic situation of this area, and then combined with the existing research. In addition, the basic idea of the equivalence factor method is applied to the experiment. It should be noted that the auction products need not only reflect the value of forest ecosystem services, but also the differences in farmers’ characteristics. Hence, the one-year use right of farmers’ operating on forestland is selected as the auction product. The bid of rent is used as the compensation price for the value of forest ecosystem services per unit area when farmers participate in ecological compensation projects.



In addition, in order to simulate the actual market environment, we classified forestland into high quality, middle quality, and low quality, including the expression of the farmer as well as the slope of the land, fertility, irrigation, and transport conditions (Table 1). Bidders needed to report their bids for the lease amount of forestland of different qualities during the experimental auction, respectively. We could explore farmers’ willingness to accept (WTP) for different levels of forest ecosystem services based on their bids.




2.2.2. Auction Selection Mechanism


For it is difficult to organize large-scale centralized auctions in the scattered households in mountainous areas, this study conducts the experimental auction by simulating a forestland lease contract in a household. Without reference to others, the farmer made an independent valuation of the auction products. This could be seen as organizing a sealed auction [32]. In addition, due to the establishment of three levels of auction products, the auction was a multi-item auction. A BDM mechanism was chosen as the experimental auction mechanism to prevent the “insincerity” of farmers’ bids and take into account the “randomness” of sampling. We set up a normally-distributed function based on the bid interval of participants. In each round of different levels of auctions, if the farmers’ bids are lower than the randomly selected price, the forest lease contract will be effective, otherwise it will fail. Moreover, the BDM mechanism does not require group participation. It is suitable for individual experiments with a stratified random sampling method. Meanwhile, under the BDM mechanism, participants have a chance to win regardless of their valuation.




2.2.3. Auction Procedures


Considering that the natural environment and socio-economic conditions vary greatly from different regions, local farmers’ production operations will also vary widely. Therefore, this study took administrative villages as a basic unit. We selected 30 farmers in each village randomly to conduct a three-round sealed auction with one-on-one household offers. Briefly, the BDM auction was implemented as follows: firstly, in each round of the auction, farmers needed to bid on the corresponding level of forestland in this round. Then, a normal-distribution random function generated the transaction price for this round. If the farmer’s bid for this round was lower than or equal to the randomly generated transaction price, the transaction would be concluded. After three rounds of auction, the computer randomly selected one round from the three rounds of auctions as the final settlement round. If the farmers could reach a deal in the settlement round, they would be included in the winning group. Then, the farmers in the winning group were ranked in order of their bids. The farmer with the highest bid won and received a cash prize of 500 yuan. The related experimental procedure is shown in Figure 3.





2.3. Statistical Modeling


2.3.1. Multivariant Probit (MVP) Model


According to Lancaster’s utility theory [45], let    U  i j     be the utility of the attribute obtained by the ith farmer for selecting the jth level of forest ecosystem service, including two components. The first is the deterministic component    V  i j    , the second is the stochastic term    ε  i j    , as below:


   U  i j   =  V  i j   +  ε  i j    



(1)







Moreover, if the market value of forest ecosystem services at the jth level is    P j   , the remaining willingness of the ith farmer to be paid for forest ecosystem services at the jth level is   A  P  i j    , which can be expressed as:


  A  P  i j   =  V  i j   −  P j  +  ε  i j    



(2)







Based on the incentive compatibility properties of the revealed preference approach and the BDM mechanism, there exists   B I  D  i j   = W T  P  i j   =  V  i j    .   B I  D  i j    , which is the bid that the ith farmer wants for the jth level of forest ecosystem services. In addition, since the market price    P j    of forest ecosystem services does not have an exact value, the average value       W T A  ¯    i j     of farmers’ bids for different levels of forest ecosystem services is used as a proxy for the market price    P j   , which is shown as below:


  A  P  i j   = W T  A  i j   −     W T A  ¯    i j   +  ε  i j    



(3)







      W T A  ¯    i j     is the arithmetic mean of all farmers for the ecological services   W T  A  i j     at the jth level and    ε  i j     is a random parameter. If   A  P  i j   ≥ 0  , then the ith farmer desires a higher compensation for the ecological service at the jth level and vice versa. Accordingly, a binary discrete choice model is constructed:


   Y  i j   =      1     0                      A  P  i j   ≥ 0       A  P  i j   < 0      



(4)







   Y  i j   = 1   denotes a high willingness of the ith farmer to be paid for the jth level of ecosystem services, otherwise    Y  i j   = 0  . It can be further expressed as:


  A  P i  =  X i  β +  ε i   



(5)







In addition,


   X i  =        X  i 11   ⋯  X  i 1 m                                X  i 21   ⋯  X  i 2 m                               ⋯ ⋯                              X  i 11   ⋯  X  i 1 m          



(6)







   X  i j m     denotes that the mth characteristic variable of the ith farmer in the jth bid.  β  is the parameter vector to be estimated and    ε i    is the residual term.



Therefore, the probability that the farmer hopes to obtain a higher WTA for the jth level of ecological services is calculated as:


  P r o b (  Y i  = 1 ) = P r o b ( A  P i  ≥ 0 ) = F (  ε i  −  X i  β )  










  = 1 − F ( −  X i  β )  



(7)







If    ε i    obeys, the normal distribution is obeyed and the assumptions of the MVP model are satisfied, so the function is:


  P r o b (  Y i  = 1 ) = 1 − Φ ( −  X i  β ) = Φ (  X i  β )  



(8)







There are three hierarchical subjects in this study, so   j = 3  . Since the MVP model assumes that the residual terms obey a joint normal distribution, therefore    ε i  ~ N ( 0 , Σ )  , then   A  P i  ~ N (  X i  β , Σ )  , where   Σ =      1       σ  12          σ  13            σ  12        1       σ  23            σ  13          σ  23        1       .



If the three bids are not correlated, then    σ  12   =  σ  23   =  σ  13   = 0  . To detect the correlation of the three bids, this study assumes that    σ  12    ,   σ  23    , and    σ  13     are not zero [35]. Then, based on the benchmark model proposed by Chib et al. [36], the MVP model can be obtained as:


  P r o b (  Y i    β ,   Σ ) = P r o b (  Y i  , A  P i     X i    β , Σ )  










  =    ∫   B  i 3         ∫   B  i 2         ∫   B  i 1     φ         (  Y i  , A  P i     X i    β , Σ ) d A  P i   



(9)







  φ (  Y i  , A  P i  ) =  1    ( 2 π )   3 / 2     Σ      1 / 2          e   1 2    ( A  P i  −  X i  β ) ’  Σ  − 1   ( A  P i  −  X i  β )   is the joint probability density function and    B  i j     is the integration interval.


   B  i j   =       ( 0 , + ∞ )       ( − ∞ , 0 )                        Y  i j   = 1        Y  i j   = 0      



(10)







The likelihood function of the model can be obtained as:


  L ( θ ) =   ∏  i = 1   272    φ (  Y i  , Δ A  P i    β , Σ   )    



(11)







The log-likelihood function is:


  ln ( L ( θ ) ) = l n (   ∏  i = 1   272    φ (  Y i  , A  P i    β , Σ   )   =   ∑  i = 1   272    ln { φ (  Y i  , A  P i   θ  ) }    



(12)




while   θ = ( β ,  ∑ )    is the parameter space.




2.3.2. Variable Definition


Referring to the previous literature [15,20], this study used “whether the bid for ecological services at three different levels was higher than the average of all bids at each time” as the dependent variable. In order to investigate the influencing factors of farmers’ WTA for ecological services at different levels, independent variables from multiple aspects were set up as following: (1) farmers’ characteristics variables, including gender, age, education, health status, and occupations; (2) farmers’ household characteristics and planting characteristics variables, including per capita income, household size, forestland area, average cost per hectare, and average output per hectare, etc; and (3) farmers’ policy perceptions and ecological perceptions, including policy cognition, policy satisfaction, policy support, and ecological awareness. The details are shown in Table 2.






3. Results


3.1. Descriptive Statistics


Table 3 summarizes the characteristics of the farmers. Respondents were familiar with the PES policy and satisfied with the PES Programs in the Xin’an River. Most respondents both support the policy and are aware of the ecological environment. As can be seen in Table 1, the demographic characteristics of the samples are very similar to the local statistics data. Our sample is representative of the education composition of the true population, but has a higher mean age compared to the general population. The results demonstrate that the proportion of males is higher than that of females, accounting for 63.60% and 36.40%, respectively. The age of the participants is mainly above 40-years old. It reflects that the local farmers are mainly middle-aged and elderly.



In Table 4, we can see that the annual average cost range of farmers operating forestland is [0, 43,500] yuan/ha, the annual average output per hectare range is [0, 112,500] yuan/ha, and the annual average net income per hectare range is [−2250, 97,500] yuan/ha. In addition, the annual average cost is 6075 yuan/ha, the annual average output is 31,800 yuan/ha, and the annual average net income is 25,725 yuan/ha.




3.2. Bids Prices in Experiments


The basic information of farmers’ bids for forestland of different quality levels is shown in Table 5. It can be seen that the range for different quality levels of forestland are low-quality forestland ([0, 112,500] yuan/ha/year), middle-quality forestland ([1500, 150,000] yuan/ha/year), and high-quality forestland ([7500, 225,000] yuan/ha/year), respectively. Furthermore, the mean offers submitted at different levels are 17,123.1, 23,493.75, and 31,064.40 yuan/ha/year, respectively. The spillover of farmers’ bids compared with the average output are −28.48%, −1.65%, and 28.09%, respectively. Compared to the average net income, the spillover prices are −14.16%, 18.54%, and 54.74%, respectively.



The bids for middle-quality forestland are lower than the actual output of forestland and higher than the net income of forestland, which matches the rules of marketing. However, the bids for low-quality forestland are much lower than the actual output and net income of forestland. These farmers are willing to contract to others for free and only require that the use of the forestland not fall into waste. This may be because the profit of low-quality forestland is low. It is not convenient for farming operations such as planting and irrigation, and part of the land is already in a semi-deserted state. As expected, farmers generally charge higher prices for high-quality forestland, which is much higher than the actual output and net income of the forestland. Due to the harsh natural conditions in mountainous areas, high-quality forestland is a scarce resource in the local area. The tea revenues are a major source of income for farmers. It also indicates that farmers have a strong relationship with the forestland and are unwilling to lease out high-quality forestland. Compared to the forestland market in our survey, the actual transaction price is 30,000–90,000 yuan/ha/year.




3.3. Model Analysis


We analyze the survey data using STATA 15.0, and the results are shown in Table 6. σ12, σ13, and σ23 are significant and not a zero value. This indicates that the three bids of farmers are highly correlated, which is suitable for MVP model analysis.



3.3.1. Influence of Farmers’ Characteristics


The results of the model demonstrated that gender and education level have no influence on WTA. Given that they are probably influenced by mountainous terrain and economic conditions, the education level of local farmers is generally low. Moreover, due to the implementation requirements and difficult operation of the experimental auction method, the sample size we can obtain is small. Given this, it has a certain impact on the regression results. The results also show that age, health, and job type have significant effects on the three levels of WTA. From the aspect of age, there is no difference on WTA between farmers aged over 40 and those aged below 40 in the first level of ecological service. While the WTA of farmers who are above 40 years old is significantly higher in the second and third levels, the reason may be that the middle-aged and elderly people’s own labor ability is limited; they lack employment opportunities and depend on the forest land income. Hence, they hope to receive higher compensation. Our results also show that, for second-level ecological services, farmers in good health hope to achieve more compensation. It may be that the healthier the farmers are, the stronger their labor capacity and the higher yield from production work. In terms of occupations, the WTA of farmers working in forestry was significantly higher than that of farmers working in non-forestry work in the first and second levels. We conclude that farmers working in forestry are highly dependent on land and forestry income. Hence, they want more compensation in order to make up for the losses caused by the implementation of the ecological compensation policy.




3.3.2. Influence of Household and Planting Characteristics


Among the farm household characteristics, household per capita income has no significant difference on WTA for the three levels of ecosystem services. We find that farmers with larger household sizes have significantly higher WTA, except in the second level. It is possible that the larger the household size, the higher the cost of living. Farmers wish to obtain higher compensation for their families to gain benefits.



There is no significant difference in WTA between farmers with different forest area, and there is significant difference between farmers with different costs and outputs. Firstly, there is no significant difference in the WTA of the first level of farmers with different costs, and the WTA of the second and third levels of farmers with higher costs is significantly lower than that of farmers with low costs. The reason is that, as the average cost is high, the general planting scale is small. Therefore, the WTA of farmers is lower. Secondly, the WTA of farmers with high output is significantly higher than that of farmers with low output. The reason is that, when the level of land output is high, farmers have a higher income and they perceive a higher ecosystem service value.




3.3.3. Influence of Farmers’ Policy and Ecological Perceptions


The results show that different policy cognition, policy satisfaction, and policy support have a significant influence on WTA. In terms of policy cognition, farmers who are familiar with the ecological compensation policy have a significantly lower WTA. Typically, if farmers are familiar with this policy, they will be confident in policy implementation and have a lower estimate of risk loss. With respect to policy satisfaction, farmers who are satisfied with the policy implementation have a significantly higher WTA. The reason may be that their estimation of the value of ecological services is correspondingly increased along with their satisfaction. Regarding policy support, farmers who support policies have a lower WTA, suggesting that they are more likely to recognize the long-term benefits of policies and are willing to abandon certain economic benefits to improve the forest ecosystem services.



Farmers who think ecological protection is necessary exhibit significantly higher than farmers who do not in both the low and high levels. It may be that the stronger the farmers’ awareness of ecological conservation, the higher the estimation of the value of ecological services; they prefer to put ecological conservation into practice. It also indicates that the farmers who rent forestland with low and high levels in this area are more sensitive than those who rent middle-level forestland.






4. Discussions, Conclusions and Policy Implications


4.1. Discussions


Basically, ecological compensation standards are established based on the WTA. The upper limit can be used as the compensation standard agreed upon by the respondent. Our study showed how an auction price model can be used to estimate the compensation standard in a PES program. Even in the absence of well-functioning markets, the auction price approach overcomes the weaknesses of existing valuation methodologies. Analyzing the potential impacts of different PES targeting programs provides the opportunity to achieve ecological and socio-economic goals.



The value of the research extends beyond the limitations of local considerations. By conducting similar auctions at different locations and for multiple services around the globe, scientists, practitioners, and policy-makers can gain a better understanding of what budget is necessary to pay for ecosystem services on a global scale. Additionally, our experimental auction price design will reduce the opportunity costs of environmental conservation. Field auctions, for instance, may be used to illustrate whether educating or influencing factors can lower the opportunity costs farmers face when using ecosystem services. As a result, we recommend continued experimentation with auction price models as a method of revealing the preference for PES program design, which is necessary and will improve the success of ecosystem service conservation.



According to the research, the evaluation of the effectiveness of PES policies should be based on the preferences of stakeholders, and only policies that meet the needs of most stakeholders are effective. It is important to note that although the experimental auction method is consistent with the actual WTA in theory, it requires further confirmation in the trading market.




4.2. Conclusions


This study uses a Becker-DeGroote-Marshack (BDM) auction method to estimate the willingness to accept (WTA) for different levels of ecosystem services. In the background of the implementation of Xin’an River ecological compensation policy, this study explores the accuracy of the forest ecological compensation standard in Huangshan City. Subsequently, we investigate the differences in farmers’ preferences for different levels of ecosystem services and the factors affecting them with a sample of 272 farmers.



In Table 7, the auction experiment indicates that farmers have a lower average bid for low-quality forestland (17,123.1 yuan/ha/year) and a higher average bid for middle-quality forestland (23,493.75 yuan/ha/year) and high-quality forestland (31,064.4 yuan/ha/year). The BDM mechanism implements a one-to-one multi-round sealed auction that requires realistic monetary incentives and simulates a real market environment. Such an auction mechanism allows farmers’ bids to truly reflect their preferences for forest ecosystem services. Given this, their bids can be an important reference for ecological compensation standards.



The MVP model is constructed to analyze the differences in farmers’ bids and the factors influencing their preferences. The results show that there are significant differences on WTA among farmers with different individual characteristics, household characteristics, planting characteristics, policy cognition, and ecological awareness. Age, health status, and occupations have significant positive effects on farmers’ WTA. In terms of the family characteristics, household size is found to have a positive effect on farmers’ WTA. With planting characteristics, the average cost and average output have significant negative and positive effects on WTA, respectively. Policy cognition and policy satisfaction have significant positive effects on farmers’ WTA. Policy support has a significant negative effect on WTA. Ecological awareness has a significant positive effect on WTA.



Lastly, this study takes the lowest of the average bid of farmers at each level as the lowest limit of the compensation standard and the highest as the upper limit of the compensation standard. As a result, we deduce that the reasonable range of the current forest ecological compensation standard in Huangshan City is [17,123.1, 31,064.4] (yuan/ha/year).




4.3. Policy Implications


This research provides three main implications to policymakers.



Farmers generally reflect that the current low standard of ecological compensation is difficult to make up for the loss of economic benefits by the limited development of livelihoods. This indicates that the existing compensation standard should be raised and government departments should implement diversified compensation methods. Our findings indicate that farmers generally have a higher acceptance of non-direct monetary compensation. They also have a higher willingness to participate in technical training, industrial support, and other projects. Thus, local governments should pay attention to farmers’ anticipation and adopt diversified compensation methods, such as employment technology training and improving village infrastructure conditions.



The results show that farmers’ WTA and their willingness to participate in policy are strongly related to their policy cognition and ecological consciousness. It is advisable that education should be strengthened to improve farmers’ policy awareness and ecological consciousness. Due to the constraints of natural geography and socio-economic conditions in mountainous areas, farmers are less educated to obtain more information. Given this, their average policy awareness and ecological consciousness are limited. We can fundamentally improve the policy cognition and ecological awareness of farmers and promote ecological compensation policy implementation by increasing education and popularizing policy information and ecological knowledge.



Lastly, it is imperative to create a market-based compensation mechanism and introduce social capital. As an important method for allocating resources and determining prices, the auction mechanism has been widely implemented in PES projects worldwide. In China, the auction mechanism has been used in many fields such as emission rights, water rights, and land-use rights. Meanwhile, this study has tried the application of an auction mechanism and the results are more valid and accurate than other revealed preference methods. Hence, it is highly feasible to apply the auction mechanism in ecological compensation in developing countries.
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Figure 1. Study area in China. 






Figure 1. Study area in China.



[image: Forests 13 00902 g001]







[image: Forests 13 00902 g002 550] 





Figure 2. Auction experimental design framework. 
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Figure 3. BDM mechanism program. 
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Table 1. Classification of forest quality levels.
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	Woodland

Levels
	Woodland

Slope
	Soil Fertility
	Irrigation

Conditions
	Transport

Condition
	Variety





	Low quality forest land
	Steeper (>25°)
	Thin soil layer, low fertility
	No water around.
	Country road (for motorcycles and tricycles)
	Poor tea varieties



	Middle quality forest land
	Stee (15° ≤ slope ≥ 25°)
	Low fertility
	The water source is far away but there are water diversion facilities.
	Close to township roads (for small cars)
	Tea varieties in general



	High quality forest land
	Gentle (<15°)
	Thick soil layer, high fertility
	Close to the water source (within 100 m)
	Close to the highway (for large trucks)
	Good tea varieties
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Table 2. Variable definitions and assignments.
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	Variable
	
	Definition
	Mean
	Std. Dev.





	Dependent variable
	
	
	
	



	
	Higher than average price for low quality forest land
	1 = the bid higher than the average price; 0 = otherwise
	0.338
	0.474



	
	Higher than average price for medium quality forest land
	1 = the bid higher than the average price; 0 = otherwise
	0.342
	0.475



	
	Higher than average price for high quality forest land
	1 = the bid higher than the average price; 0 = otherwise
	0.272
	0.446



	Independent variable
	
	
	
	



	Individual characteristics
	Gender
	1 = male, 0 = female
	0.636
	0.482



	
	Age
	1 = Over 40 years old, 0 = otherwise
	0.952
	0.214



	
	Education
	1 = High School and above, 0 = otherwise
	0.114
	0.318



	
	Health
	1 = healthy; 0 = chronic diseases, major diseases and disabilities
	0.676
	0.469



	
	Occupation
	1 = farmer, 0 = otherwise
	0.809
	0.394



	Family characteristics
	Income
	Continuous variable/1000 yuan
	10.889
	9.649



	
	Household size
	Total household size, continuous type variable/person
	4.239
	2.043



	Planting characteristics
	Forest area
	Total area of operating forest land, continuous type variable/ha
	0.315
	0.259



	
	Average cost per hectare
	Average cost per hectare of operating forest land, continuous type variable/1000 yuan
	6.075
	7.380



	
	Average output per hectare
	Average output per hectare of operating forest land, continuous type variable/1000 yuan
	31.800
	21.015



	Policy Awareness
	Policy cognition
	1 = Familiarity, 0 = otherwise
	0.739
	0.440



	
	Policy Satisfaction
	1 = Satisfaction, 0 = otherwise
	0.794
	0.405



	
	Policy Support
	1 = Support, 0 = otherwise
	0.960
	0.197



	Ecological Awareness
	Ecological Awareness
	1 = Necessity, 0 = otherwise
	0.886
	0.318
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Table 3. Statistics of basic characteristics of peasant households.
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	Statistical Characteristics
	Classification Indicators
	Number
	Proportion %





	Gender
	male
	173
	63.60



	
	female
	99
	36.40



	Age
	<40
	13
	4.78



	
	≥40
	259
	95.22



	Education
	Junior high school or below
	241
	88.60



	
	High school or junior college degree or above
	31
	11.40



	Health Conditions
	Healthy
	201
	67.65



	
	Chronic diseases, major diseases and disabilities
	71
	32.35



	Occupation
	Farmer
	220
	80.88



	
	Others
	52
	19.12



	Policy Cognition
	Familiarity
	201
	73.90



	
	Unfamiliarity
	71
	26.10



	Policy Satisfaction
	Satisfaction
	216
	79.41



	
	Dissatisfaction
	56
	20.59



	Policy Support
	Support
	261
	95.96



	
	Nonsupport
	11
	4.04



	Ecological Awareness
	Necessity
	241
	88.60



	
	Unnecessary
	31
	11.40
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Table 4. Basic situation of farmers’ forestland.
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	Average Cost (Yuan/Ha/Year)
	Average Output (Yuan/Ha/Year)
	Average Net Income (Yuan/Ha/Year)





	Max
	43,500
	112,500
	97,500



	Min
	0
	0
	−2250



	Mean
	6075
	31,800
	25,725
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Table 5. Basic situation of auction quotation.
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	Low-Quality
	Middle-Quality
	High-Quality





	Highest bid
	112,500.00
	150,000.00
	225,000.00



	Average bid
	17,123.10
	23,493.75
	31,064.40



	Lowest bid
	0.00
	1500.00
	7500.00



	Bid and average premium for total output
	−28.48%
	−1.65%
	28.09%



	Bid and average premium for net income
	−14.16%
	18.54%
	54.74%
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Table 6. MVP model results.






Table 6. MVP model results.





	

	
Variable

	
Coefficient

	
Std. Dev.

	
Z-Value

	
p-Value






	
Low quality

	
Gender

	
−0.071

	
0.188

	
−0.380

	
0.705




	
Age

	
0.185

	
0.459

	
0.400

	
0.687




	
Education

	
−0.063

	
0.290

	
−0.220

	
0.829




	
Health Conditions

	
0.326 *

	
0.195

	
1.670

	
0.095




	
Occupation

	
0.730 ***

	
0.250

	
2.920

	
0.003




	
Income

	
−0.002

	
0.009

	
−0.220

	
0.823




	
Household size

	
0.079 *

	
0.044

	
1.810

	
0.070




	
Economic forest area

	
−0.021

	
0.027

	
−0.760

	
0.449




	
Average land cost per hectare

	
−0.007

	
0.216

	
−0.030

	
0.975




	
Average income per hectare of land

	
0.407 ***

	
0.084

	
4.840

	
0.000




	
Policy cognition

	
−0.548 ***

	
0.198

	
−2.770

	
0.006




	
Ecological Awareness

	
0.592 **

	
0.292

	
2.030

	
0.042




	
Policy Satisfaction

	
0.543 **

	
0.234

	
2.320

	
0.020




	
Policy Support

	
−0.203

	
0.509

	
−0.400

	
0.690




	
_cons

	
−2.894 ***

	
0.852

	
−3.400

	
0.001




	
Middle quality

	
Gender

	
−0.061

	
0.168

	
−0.360

	
0.716




	
Age

	
1.141 ***

	
0.411

	
2.770

	
0.006




	
Education

	
0.059

	
0.263

	
0.220

	
0.822




	
Health Conditions

	
0.269

	
0.174

	
1.550

	
0.121




	
Occupation

	
0.347 *

	
0.205

	
1.700

	
0.090




	
Income

	
0.005

	
0.009

	
0.580

	
0.563




	
Household size

	
0.050

	
0.040

	
1.230

	
0.217




	
Economic forest area

	
−0.010

	
0.022

	
−0.430

	
0.668




	
Average land cost per hectare

	
−0.415 **

	
0.209

	
−1.980

	
0.047




	
Average income per hectare of land

	
0.329 ***

	
0.071

	
4.620

	
0.000




	
Policy cognition

	
−0.297 *

	
0.171

	
−1.740

	
0.082




	
Ecological Awareness

	
0.253

	
0.254

	
1.000

	
0.319




	
Policy Satisfaction

	
0.645 ***

	
0.218

	
2.960

	
0.003




	
Policy Support

	
−0.551

	
0.436

	
−1.260

	
0.207




	
_cons

	
−2.756 ***

	
0.738

	
−3.730

	
0.000




	
High quality

	
Gender

	
−0.180

	
0.172

	
−1.040

	
0.297




	
Age

	
1.200 ***

	
0.436

	
2.750

	
0.006




	
Education

	
−0.203

	
0.253

	
−0.800

	
0.422




	
Health Conditions

	
0.455 **

	
0.181

	
2.520

	
0.012




	
Occupation

	
0.234

	
0.203

	
1.150

	
0.249




	
Income

	
0.006

	
0.008

	
0.750

	
0.454




	
Household size

	
0.068 *

	
0.038

	
1.760

	
0.078




	
Economic forest area

	
−0.011

	
0.022

	
−0.500

	
0.615




	
Average land cost per hectare

	
−0.355 *

	
0.202

	
−1.760

	
0.079




	
Average income per hectare of land

	
0.294 ***

	
0.068

	
4.350

	
0.000




	
Policy cognition

	
−0.301 *

	
0.167

	
−1.800

	
0.072




	
Ecological Awareness

	
0.509 *

	
0.270

	
1.890

	
0.059




	
Policy Satisfaction

	
0.636 ***

	
0.222

	
2.870

	
0.004




	
Policy Support

	
−0.866 **

	
0.424

	
−2.040

	
0.041




	
_cons

	
−2.873 ***

	
0.748

	
−3.840

	
0.000




	

	
σ12

	
0.933 ***

	
0.021

	
43.630

	
0.000




	

	
σ13

	
0.856 ***

	
0.031

	
27.540

	
0.000




	

	
σ23

	
0.972 ***

	
0.011

	
86.380

	
0.000




	

	
Likelihood ratio test of rho12= rho13 = rho23 = 0:




	

	
chi2(3) = 276.606 Prob > chi2 = 0.0000




	

	
R2 = 16.05








Note: *, **, *** represent significant at the 10%, 5%, and 1% levels, respectively.
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Table 7. Summary of calculation results (Unit: Yuan/ha/year).
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Farmers’ Bids in Experimental Auction




	

	
Low Quality

	
Middle Quality

	
High Quality

	
Average






	
price

	
17,123.10

	
23,493.75

	
31,064.40

	
23,893.80
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