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Supplementary Text S1: Independence of Irrelevant Alternatives (IIA) test 
We conducted the Independence of Irrelevant Alternatives (IIA) test to select the 

appropriate model for the assessment of farmers' preferences. Under the IIA hypothesis, 
the magnitude of the choice probability does not change due to an increase or decrease 
in the choice alternatives. This is a strict assumption of Multinomial logit (MNL). If the 
IIA test is passed, then the MNL model can be used. If not, then the Random parameter 
logit (RPL) model can be used. 

We performed the IIA test separately for upstream and midstream farmers. When 
alternative A is removed, the IIA hypothesis is rejected. When alternative B and alter-
native C are removed, the IIA test is passed. However, having one hypothesis rejected 
indicates that the three alternatives are not independent of each other. Here, the full 
model incorporating the three alternatives is denoted as “All”. If alternative A is re-
moved, it is denoted as “N-A”. The results are shown in Table S1 and Table S2. 

Supplementary Text S2: ODD description of agent-based model 
The model description follows the ODD (Overview, Design concepts, Details) pro-

tocol for describing individual- and agent-based models[1], as updated by Grimm et al. [2]. 

S2.1. Purpose 
The purpose of this model is to simulate how differences in policy preferences and 

social capital of farmers in the upper and middle reaches of the Xin'an River affect farm-
ers' willingness to participate in ecological compensation policies. 

S2.2. Agents, state variables and scales 
The social agent of the model is the farmer.  The state variables of farmers include 

gender, age, education, number of household laborers, area of forest land, slope of forest 
land, distance from residence to river, and distance from forest land to river. Among the 
above variables, only age was time-varying. These variables were obtained from the 
field survey of the study participants. We obtained the values of the state variables 
based on the research data. To reflect the heterogeneity of farmers in the model, we set 
random numbers between the minimum and maximum values of the state variables to 
assign values to farmers (Table S3). The simulation starts at 2020 when the household 
survey data was collected. Each time step represents 1 year. The model is run for a total 
of 30 years. The model can simulate the participation of farmers in the upstream and 
midstream of Xin'an River in the ecological compensation policy during 2020-2040. We 
set up 1,500 farmers in the upstream and midstream respectively. 



S2.3. Process overview and scheduling 
Figure 3 shows the flow chart of the structure of ABM. The modeling process can be 

divided into three parts: initialization, alternative parameter values for simulation, and 
output results. The initialization phase focuses on giving each farmer an initial willing-
ness value to participate in the ecological compensation policy based on the question-
naire research data. In the simulation stage, the following operations are performed in 
each time step. (1) Willingness value increase or decrease: Farmers increase or decrease 
the initial willingness value according to the results of the choice experiment; (2) Social 
interaction: Farmers interact with people around them. 

S2.4. Design concepts 
Theoretical and empirical background. The choice experiment modeling framework 

relies on the characteristics theory of value[3] and the random utility theory[4]. Lancas-
ter (1966) assumes that a good may be defined by a set of characteristics. Therefore, the 
value of a commodity is the sum of all its characteristic values. In the selection experi-
ment this theory can be expressed as describing the commodity in terms of a set of at-
tributes. The theory of stochastic utility proposed by McFadden (1973) holds that the 
true utility of consumer consumption of goods is divided into observable definite utility 
and non-observable random utility. The ecological compensation policy adopted the 
“top-down” institution for environmental regulation through economic incentives. 
Based on empirical understanding, the extent to which farmers’ willingness to partici-
pate in the policy may vary. Recognizing this heterogeneity prompted us to design an 
experiment from farmer needs, making it possible to study each farmer's preferences for 
policy options. Thus, following the empirical knowledge derived from the choice exper-
iment analysis, the model simulated the preferences of the current and designed 
schemes by each individual farmer. Decision-making processes were involved when se-
lecting between the two schemes[5]. Theoretical background is also depicted by the par-
adigm of bounded rationality well situated within the theory of Satisficing[6], in which 
case each farmer would make a decision depending on limited information obtained 
from neighbors. For instance, farmers’ preference can be influenced by the behavior of 
neighbors only within a certain range.  

Individual decision-making. A farmer's preference for policy, along with individual 
characteristics and social interactions, affects the farmer’s participation in one of the pol-
icy schemes. An individual farmer aims to maximize the benefits or minimize risks of 
choosing a policy scheme by valuing cost opportunities between different choices. For 
instance, when a farmer maintains the participating status in the current policy scheme, 
the farmer estimated that the alternative would not be able to cover the costs of switch-
ing. The decision-making process was simulated through the estimation of the probabil-
ity of staying the current policy scheme comparing to switching to the other.  

Emergence. The participation rate of ecological compensation policies depends on 
the farmer's decision, which in turn depends on his preference for the policy, individual 
characteristics, and social interactions. 

Interaction. The interaction between farmers is direct and local. They exchange in-
formation by identifying each other. Their behavior is influenced by the willingness of 
farmers who have mutual labor relations. 

Sensing. Farmers' agents can perceive their own properties and the slope of the for-
est land, its area, and the distance to the river. They can also perceive the willingness of 
their neighbors to participate in the policy. These perceptions will influence the farmer's 
participation decision. 

Stochasticity. The gender, age, education level, forestland area, forestland slope, 
distance from residence to river, and distance from forestland to river of the farmers in 
the model were randomly generated based on the minimum and maximum values be-
tween the corresponding variables obtained in the research. 



Heterogeneity. ABM focuses on the micro-behavior of human subjects[7], such as 
individual characteristics of farmers (gender, age, education, etc.) and the degree of 
preference for policies are characterized by heterogeneity. 

S2.5. Details 
Initialization & input data. The model uses data from the results of the choice ex-

periment and field research data. In the initialization stage, we assign values to the ini-
tial willingness and state variables of the farmers separately. The initial willingness of all 
farmers is 0. The state variables of farmers are randomly generated between the mini-
mum and maximum values of the corresponding variables from the research data. The 
model is experimental and hence does not use real-world data as input data to represent 
time-varying processes. 

Submodules. There are two submodules in the model, with details as follows.  
(1) Changes in farmers’ willingness to participate. 
We used stata15.0 software to predict the probability of upstream and midstream 

farmers' choices of alternatives. Taking the upstream as an example, we surveyed 130 
farmers and each farmer made 3 choices, so we obtained 130 × 3 = 390 choices. We used 
stata15.0 software to obtain the probability of each farmer choosing alternative A, alter-
native B, and alternative C. Among them, both alternative A and alternative B are pref-
erence alternatives and alternative C is the status quo one. We calculated that the sum of 
the probabilities of upstream farmers choosing Alternative A and Alternative B among 
390 choices is 203.19, so the average probability of farmers choosing the preferred alter-
native is 203.19/390 = 0.52. The sum of the probabilities of upstream farmers choosing Al-
ternative C among 390 choices is 186.81, so the probability of farmers choosing the status 
quo alternative is 186.81/390 = 0.48. The midstream probability values were also calculat-
ed in this way, and the results are shown in Table S4. 

The capital endowment of the farmer also affects his choice of scenario, such as 
gender, age, education level, number of laborers, distance from residence to the river, 
distance from forest to the river, forest area, and slope of the forest have different effects 
on the willingness of the farmer to participate. According to the results of RPL in Table 
4, we can see that in the upstream, the age of farmers, the area of forest land and the dis-
tance from the forest land to the river affect the farmers' choice of program. While in the 
downstream, gender, education and the number of household labor will farmers' choice. 

(2) Social interaction. 
According to the limited rationality paradigm[6] described, each farmer will make 

decisions based on the limited information received from neighbors. Social capital af-
fects farmers' decisions. Therefore, we considered the influence of social trust and social 
networks on farmers' choices. 

 Social trust: We set the parameter values of social trust (Trust-rate) to 0, 0.25, 0.5, 
0.75, and 1, respectively, and conducted 30 parallel tests for each model. The obtained 
results are shown in Figure S1. We found that the degree of social trust did not reflect 
significant differences in the models. 

 Social networks: To analyze the influence of social network size on farmers’ 
choice, we chose “the number of farmers with mutual labor relations” as the indicator in 
the data obtained. In the ABM, the parameter is taken as the quartile of the "number of 
farmers with mutual labor relations" in the upper and middle streams (Table S5). When 
the number of willing participants around the farmer exceeds the size of the farmer's so-
cial network, the farmer will be willing to participate in the policy. 

  



Table S1. Upstream-Remove Alternative A. 

Variables N-A All Difference S.E. 
Gender -0.678 -0.401 -0.277 0.099 

Age -0.003 0.017 -0.020 0.003 
Education 0.052 0.013 0.039 0.012 

Number of household labor -0.139 -0.024 -0.115 . 
forestland area 0.007 0.061 -0.053 . 
forestland slope -0.021 0.025 -0.046 0.023 

Distance from residence to river 0.001 -0.001 0.001 0.000 
Distance from forestland to river 0.001 0.000 0.001 0.000 

_cons 0.201 -1.005 1.206 0.250 
Test:  Ho:  difference in coefficients not systematic; chi2 = 16.22; Prob>chi2 = 0.0625. 

Table S2. Midstream-Remove Alternative A. 

Variables N-A All Difference S.E. 
Gender 0.619 0.118 0.500 0.105 

Age -0.009 0.017 -0.026 0.008 
Education -0.069 0.006 -0.075 0.019 

Number of household labor 0.178 0.079 0.099 0.053 
forestland area -0.004 0.036 -0.041 . 
forestland slope 0.086 0.097 -0.011 0.059 

Distance from residence to river 0.000 -0.001 0.000 0.000 
Distance from forestland to river 0.000 0.000 0.000 0.000 

_cons -0.076 -2.083 2.007 0.612 
Test:  Ho:  difference in coefficients not systematic; chi2 = 43.85; Prob>chi2 = 0.0000. 

Table S3. Detailed description of state variables. 

 Upstream Midstream 
Variables Min. Max. Min. Max. 
Gender 0 1 0 1 

Age 25 89 34 83 
Education/years 0 15 0 16 

Number of household labor/person 1 10 0 8 
forestland area/ha 0 21 0 3 
forestland slope 0 3 1 3 

Distance from residence to river/m 0 800 10 1000 
Distance from forestland to river/m 0 1500 0 3000 

Table S4. Probability of farmer's choice of improved versus status quo scenario. 

 Upstream Midstream 
Alternative A 27% 44% 
Alternative B 25% 33% 
Alternative C 48% 23% 

Table S5. Upstream and midstream social network data parameter values. 

 Min. 25% 50% 75% Max. 
Upstream 0 2 10 20 90 
Midstream 0 5 12 20 50 



 
Figure S1. Impact of social trust on farmers’ choices. 
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