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Abstract: To make environmental management decisions more executive and targeted, it is essential
for decision-making to include local residents’ perceptions and preferences for ecosystem services
(ES) and biodiversity (BD). This study conducted a questionnaire survey with 386 local residents
to explore social perceptions for ES and BD in the Fenghe River watershed. ES contain food from
agriculture (AGR), food from livestock (LIV), fresh water (FW), air purification (AP), water purification
(WP), water retention (WR), soil retention (SR), aesthetics (AES), recreation (RE), and spirit (SP)
in this study. Ranking and Likert scales are combined to identify residents’ preferences for ES
and BD. The hypothetical market method is used to identify the willingness to pay for BD and
ES. Independent sample T-test, one-way ANOVA, and Spearman correlation are used to analyze
preference heterogeneity. The results show that: (1) residents prefer WP, AP, AGR, and FW; (2) 51.3%
of respondents are willing to pay a fee for improving ES while 48.7% of respondents are unwilling
to pay; (3) residents’ personal and residential factors affect preference heterogeneity. Last, we put
forward three management suggestions on controlling environmental pollution, improving residents’
awareness of ES, and establishing a multi-channel fund based on government financial resources
for improving ES in the Fenghe River watershed. Integrating stakeholders” perceptions for ES into
decision-making can promote the sustainable development in Fenghe River watershed.

Keywords: ecosystem services; social assessment approach; social preference; willingness to pay;
preference heterogeneity

1. Introduction

Ecosystem services (ES) are tangible and intangible products or services that humans obtain from
ecosystems [1,2]. However, with population growth and economic development, the earth’s surface
land cover has undergone tremendous changes. Agricultural landscapes and human settlements
account for 75% of the earth’s ice-free surface [3]. Changes in land cover patterns have changed
ecosystem functions and processes and have a significant impact on ES [4,5]. Although the provisioning
services of ES have increased, the regulating services and biodiversity (BD) have degraded [6-8].
Countries or regions usually solve the problem of ecological damage by establishing nature reserves [9],
and more than 12% of the earth’s land surface is designated as protected areas [10].

Consequently, the protection of natural resources has become a global problem. However,
the actual protection of natural resources is not as effective as we expected [11]. Usually, the protection
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of natural resources involves different stakeholders, and these stakeholders have different attitudes
and perceptions about the protection of natural resources [12]. According to the existing literature [13],
stakeholders’ different perceptions of the environment could affect their different behaviors towards
natural environmental protection. When stakeholders have a high awareness of conservation,
they may actively protect natural resources; otherwise, they may be passive. However, in the
actual environmental protection policy-making process, policy makers usually do not consider the
views of other stakeholders when formulating natural resource protection policies, which leads to
poor policy implementation [14,15]. To solve more and more ecological problems, stakeholders are
encouraged to participate in the decision-making process [16-18], which is more conducive to the
smooth implementation of policies than top-down policy approaches [19].

Recently, many researchers have studied stakeholders’ perceptions for ES [20-24]. The stakeholders’
perceptions for ES were defined as the understandings and the views of stakeholders about the concept
of ES. The aims of these studies are mainly divided into three aspects: (1) Using the perceptions of
stakeholders to assess the non-use value of ES. For example, Sherrouse et al. [23] used stakeholders
perceptions to evaluate the value index and spatial distribution of various social values of forest
park; (2) Using stakeholders’ perceptions for land use or landscape to assess human demand for

7

ES. For example, Burkhard et al. [25] used a 0-5 scale matrix to quantify human demand for ES.
Castillo-Eguskitza et al. [26] used a contingent valuation method to quantify the human demand for
ES; (3) Quantifying the willingness of stakeholders to pay for ES. For example, Thompson et al. [17]
studied stakeholders’ preferences for mangrove ES and found that respondents” willingness to pay for
local services was higher than global services.

However, people’s perceptions for ES has a certain regional nature, which is closely related to local
geographical conditions, cultural characteristics, life experiences, moral beliefs, economic development
levels, and so on [27]. Therefore, case studies are important for identifying regional differences and
finding regional commonalities [28]. Human society and local ecological environment constitute a
social-ecosystem. Understanding the complex relationship between society and ecosystem scientifically
and establishing a bottom-up knowledge system can help to support decision-making and reduce
decision-making errors. On the basis of the existing literatures, there are differences in the perceptions
of ES among stakeholders in different regions. Some authors found that rural residents have a higher
awareness of provisioning services than urban residents. They believed that there was a disconnect
between human environment and human welfare of provisioning services for urban residents [29].
Some authors argued that rural residents were more aware of regulating services and cultural services
than provisioning services because they had important ecological knowledge of ES provided by the
environment [30]. However, some authors argued that two hypotheses had been demonstrated in their
studies [31]. These researchers identified that different regional stakeholders may have had different
understandings of ES, which fully proved that the social ecosystem was a complex system, and regional
stakeholders” understandings of ES could not be simply replicated [32].

Sustainable supply of ES was essential for regional sustainable management objectives [33].
Local-scale assessment of ES is urgent and critical for regional decision-making, especially for
developing countries [33]. At present, ecological methods and economic methods to evaluate ES have
been developed and applied [34,35]. However, there is still a lack of research on ES using social
methods [36,37]. Compared with ecological and economic methods, social methods can better reflect
complex social-ecosystem [38]. To ensure the sustainable provision of ES on which human beings
depend, stakeholders’ perceptions of ES need to be integrated into regional sustainable strategies and
management [39,40]. At present, social methods used to study stakeholders” perceptions for ES have
begun to be implemented [41,42]. However, there is still a gap in the study of whether residential
factors have an impact on stakeholders’ perceptions for ES.

We selected a watershed, Fenghe River watershed, to study stakeholders’ perceptions for ES and
BD. There is an environmental gradient in the Fenghe River watershed, which transits from mountain
areas with high forest coverage to plain areas. The vegetation coverage in mountainous areas is higher,
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and the artificial landscape in plain areas is obvious [43]. Therefore, on the basis of factors such as
social population [31,44], we have included more residential factors (distance from the river, distance
from the Xi’an City center, habitation, and residential time) besides the residential area to study the
residents’ perceptions for ES. The residential area is divided into the upstream area, midstream area,
and downstream area, and habitation is divided into urban and rural areas. Perceptions such as
the levels of residents” awareness of ES, and perceived location and the demographic characteristics
of residents influence their preferences for ES [21,22]. In this study, we define “perceptions” as the
importance of ES perceived by local residents and their willingness to pay for improving ES, and we
also call the importance of ES perceived by residents as their preferences for ES.

The main purpose of this study is to assess the ES preferences perceived by local residents
(residential time > 1 year) and their willingness to pay for improving ES in the Fenghe River watershed.
Our objectives are: (1) to assess residents” preference for ES; (2) to identify residents” willingness to
pay for improving ES; (3) to identify factors affecting preferences and preference heterogeneity; (4) to
propose some suggests for sustainable ES management in the Fenghe River watershed.

2. Materials and Methods

2.1. Study Area

Fenghe River watershed is located in Xi'an City, Shaanxi Province, between 33°50’-34°24’N and
103°00’-105°30’E, with a total area of about 1708 km? (Figure 1). We have added the downstream area
to the area closely related to rivers, which is larger than the actual area of 1460 km? [45]. There is a
semi-humid climate in the region with an average annual temperature of about 15 °C and an average
annual precipitation of about 800 mm, mostly concentrated in June to September. The elevation of the
watershed is higher in the south and lower in the north. On the basis of the characteristics of the river
and the landforms, ‘Round hill road” divides the watershed into mountains and plains, and ‘Qinduzhen’
is the intersection of all tributaries. So, the watershed is divided into three regions: the upstream
area, midstream area, and downstream area by the boundary of ‘Round hill road” and ‘Qinduzhen’.
The upstream area belongs to Qinling Mountains. It has various animal and plant types, rich BD,
extremely important ecosystem functions, and abundant recreational resources. The midstream area is
the transition area from mountain to plain, the land use is mainly for farmlands and towns. In recent
years, urbanization has expanded rapidly, and some farmlands have been converted to urban lands.
The downstream area belongs to Xi-Xi’an District. New recreational areas have been built, such as
Kunming Pool, Shijingli characteristic town and Fenghe wetland park. They are close to the main urban
areas of Xi'an, and attract a large number of tourists with convenient transportation. From upstream to
downstream of the watershed, there are great differences in land use patterns and obvious changes in
the ecological environment. It is a typical area that for studies on whether residential factors have an
impact on residents’ perceptions for ES.
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Figure 1. The location map of the Fenghe River watershed.
2.2. Sampling

In accordance with the existing literature on the setting of sample points and the actual situation
of the watershed [46,47], we set the sample points. The upstream area belongs to the mountainous area,
and there is less exchange between residents. Therefore, a village is randomly selected as a sample
point in each valley, and sample points are appropriately added in densely populated river valleys.
In the midstream and upstream areas, according to different socio-economic conditions, villages,
city squares, and universities were randomly selected as sample points. According to the first law
of geography, similar things are more closely related [48]. When we select sample points, we have
a certain distance between the sample points in the space. This method of selecting sample points
allows the sample to reflect the residents’ perceptions for ES as accurately as possible. We have set
up 32 survey points, of which nine belong to the upstream area, 18 belongs to the midstream area,
and five belong to the downstream area. The specific distribution is shown in Figure 1. According
to the principle of minimum sample size selection, the following formula is used to calculate the
minimum sample size [49]:

N =272 x (P x (1 - P))/E? 1)

where N is the sample size; Z is the statistic; the confidence = 95%, Z = 1.96; the confidence = 90%;
Z = 1.64; E is the error rate; and P is the probability value. On the basis of the error values of our
previous 30 questionnaires, we used Z = 1.96, E = 5%, P = 0.5, then N = 384. The minimum sample size
required for this study is 384.

2.3. Questionnaire Survey

According to the natural and social conditions of the Fenghe River watershed, this study selected
BD, provisioning services (agriculture (AGR), food from livestock (LIV), fresh water (FW)), regulating
services (water retention (WR), air purification (AP), soil retention (SR), water purification (WP)) and
cultural services (aesthetics (AES), recreation (RE), spirit (SP)) as research subjects. A questionnaire
was designed to study residents’ preferences and willingness to pay for ES and BD. From June to
September 2018, we randomly distributed questionnaires to adult local residents (age > 18 old) in 32
sample points. We simply described the purpose of the survey and the content of the questionnaire
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to these respondents, and then let them fill the questionnaire. For some older respondents who had
difficulty in reading the questionnaire, we took the form of a question-and-answer session, while others
adopted the form of self-completion. We obtained 386 valid questionnaires to meet the minimum
sample size of 384.

The questionnaire was designed with reference to the questionnaires of Sherrouse et al. [23] and
Castillo-Eguskitza et al. [26]. The questionnaire is divided into four parts: (1) residential factors:
residential area, habitation, and residential time; (2) the residents’ preferences for ES and BD. First, we
let the respondents select the five most important ES or BD for their own well-being. Then, we asked
these respondents to rank ES which they chosen from 1 to 5, and 1 refers to the most important; (3) in
order to further understand residents’ attitudes towards BD, regulating services and cultural services,
we removed provisioning services and asked respondents whether they would be willing to pay for
improving these ES or BD. If they agreed to pay, let them allocate 100 CNY (Chinese Yuan) to ES or
BD (self-allocation, allowing allocation to one or more ES). The purpose of this design is to clearly
understand the residents’ attitudes towards ES or BD. If they refused to pay, we asked them to provide
the reasons for this; (4) the demographic characteristics of residents, such as gender, age, occupation,
personal monthly income and education level.

2.4. Data Processing and Analysis

Data processing is divided into four parts. First, the information of questionnaires was input
into Excel 2016, and the basic information of residents was counted by SPSS Statistics 22. Second,
the weighted scoring method was used to assess residents’ preferences for ES. ES selected for 1-5 was
assigned 5-1 points, respectively, while unselected ES were assigned a score of 0, which were counted
as S;. Each S; corresponded to a selection frequency f;, and ten ES and BD scores were obtained, i.e.,
importance (I). The greater the importance score, the higher the preference of residents for the ES.
This calculation equation is as follows:

I]' = Zle Sixfi ()

where ; is the importance score of j ES; i is a sort of 1-5; S; is the score of j ES (1-5); f; is the frequency
of selecting the i.

Third, the number of people who were willing and unwilling to pay for improving ES was
counted. Since this survey method allowed the respondents to allocate a certain amount of money,
the distribution itself had a weight. The total amount directly added was the amount that the residents
were willing to pay for each ES, and the reasons for refusing to pay were also counted. The equation
for calculating the amount of payment was as follows:

n
PES;=) = X ®)

where PES; is the amount willing to pay for j ES, n is the total number of people assigned to j ES; and X;
is the amount allocated by the i-th respondent.

Fourth, the factors affecting preference heterogeneity were analyzed. Independent sample T-test
was used to analyze the influence of gender and habitation. One-way ANOVA (F-test) was used to
analyze the influence of age, personal monthly income, occupation, residential area, residential time,
and education level. Spearman correlation analysis was used to analyze the influence of the ‘distance
from the river ‘and the ‘distance from Xi’an city center’. The ‘distance from the river” and ‘distance
from Xi’an city center’ were obtained by ArcGIS 10.0 (ESRI, Redlands, CA, USA).
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3. Results

3.1. Basic Information of Respondents

The basic information of all respondents is shown in Table Al. This sample consisted of 178
women (46.1%) and 208 men (53.9%), roughly presenting the respondents’ gender balance. Regarding
the age of respondents, the proportion of the age groups 18-30 years old accounted for the largest
proportion (33.7%), while the proportion of other age groups (3140, 41-50, 51-60, > 60 years old) were
16.3%, 18.4%, 15.8%, and 15.8%, respectively. On educational background, the interviewees had mainly
received a middle school education (46.6%), followed by college and more than college education
(32.4%). Respondents who had a primary school education alone accounted for 18.4%, and uneducated
accounted for 2.6%.

The income of all respondents varied significantly, only 5% respondents were paid more than
8000 CNY per month in 2018. The largest proportion (34.7%) of people had a monthly income of less
than 2000 CNY, which was the lowest income group. About 24.1% and 25.1% of the sample earned a
monthly income of 2000-3000 CNY and 3000-5000 CNY, while 11.1% had an income between 5000
and 8000 CNY every month. Regarding the occupation of interviewees, farmer accounted for the
largest proportion (41.5%), followed by student (13.7%). Office clerk and self-employed had the same
proportion (12.7%), meanwhile, services and public functionary also had a same proportion (5.7%).
And retired and other occupation accounted for 4.1% and 3.6%, respectively.

Regarding the habitation status, most people (79.3%) lived in a rural area, and 20.7% lived in an
urban area. Most people (72.5%) lived in the midstream area, and respondents living the upstream area
and the downstream area accounted for 16.9% and 10.6%, respectively. In addition, a large proportion
of respondents (29.8%) had lived for more than 50 years in the watershed, followed by between 21 and
30 years (26.7%). The residential time groups 3140 and 41-50 were represented in similar proportions:
13.2% and 15%. About 9.6% and 5.7% of the sample lived in the area for 10-20 years and less than
10 years, respectively.

3.2. Residents’ Preferences for ES

According to the respondents’ choices of ES and BD, the population distribution is shown in
Figure 2. Regarding three provisioning services, FW and AGR were represented in roughly same
proportions: 59.6% and 58.3%, respectively, while choosing LIV was only 15.0%. The proportion of
four regulating services varied significantly. The proportion of residents choosing AP and WP was
88.6% and 84.5%, respectively, which was the highest proportion for two services. The proportion of
residents choosing SR and WR accounted for 44.6% and 39.9%. In addition, there were few people
choosing cultural services. The AES and RE had a similar proportion, 32.1% and 33.7%, respectively,
and the SP had the lowest proportion (10.4%). Compared with ES, the proportion choosing BD were
higher than that of cultural services, which was 33.7%.

Based on the equation of importance, the order and importance scores of ten ES and BD are
displayed in Figure 3 and Table A2. The score of WP was 3.19, which was the highest, followed by AP
(3.07). FW and AGR had a roughly same score: 1.96 and 1.81, respectively. Similarly, the scores of SR
and WR were also roughly the same: 1.06 and 1.00, respectively. RE, AES and SP scored 0.82, 0.77,
and 0.23, where SP had the lowest score among all of the options. BD and LIV scored 0.77 and 0.46.
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Figure 2. The proportion of respondents who chose ES and BD.
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Figure 3. The importance scores of ten ES and BD.

3.3. Residents” Willingness to Pay for Ecosystem Services

On the basis of the survey results, 198 respondents were willing to pay for improving ES,
accounting for 51.3%. However, 188 respondents refused to pay, accounting for 48.7%.



Int. |. Environ. Res. Public Health 2019, 16, 3602 8 of 19

3.3.1. Willingness to Pay

The amount and proportion of the willingness to pay of the residents is shown in Figure 4.
The order of willingness to pay is: WP > AP > SR > WR > BD > RE > AES > SP. The amount allocation
varied enormously. The amount of willing to pay was mainly concentrated on WP and AP. The amount
of willing to pay for WP was about 12 times that of the SP. Moreover, the order of payment amount
and importance was roughly the same.

- 35
Payments for ES (CNY)
12000 —m— Proportion (%
.\ - 30
10000 - " i
- 25
8000 <
- 20
6000 —
- 15
4000 — .\‘ L 10
|
-
T =
2000 + \ L5
\I
0 I ' 1 I ' I 1 ' 0

T L — 1
WP AP SR WR BD RE AES SP
Figure 4. Total amount and number of people willing to pay for ecosystem services.

3.3.2. Reasons for Refusal to Pay

Based on the reasons that residents filled in, the reasons were divided into six categories, as shown
in Figure 5. 94 people believed that improving ES was not the responsibility of the individual, but the
government responsibility, accounting for 50% people who refused to pay. 34 people believed that the
destroyers of ES should undertake the improvement of ES, i.e., destroyer improvement, accounting for
18.1%. 28 people said they were unwilling to pay at present and might pay in the future, accounting
for 14.8%, of which 26 were students and said they were unable to afford to pay currently. 16 people
were satisfied with the current ES and thought that there was no need for improvement, accounting for
8.5%. 11 people believed that personal tax had been paid, and the government should use a part of
personal tax to improve ES, accounting for 5.9%. 5 people had another reason, accounting for 2.7%.
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Figure 5. The quantity and proportion of different reasons for refusal to pay.

3.4. Factors Affecting Preference Heterogeneity

3.4.1. Personal Factors

The different levels of understanding for ES of residents caused differences in their preferences
for ES, that is, preference heterogeneity (Table 1). The p values obtained showed that gender had no
significant (p = 0.05) effect on all ES and BD. While, age had a significant (p = 0.001) influence on
WR, WP and RE. Occupation had a significant (p = 0.001) impact on WR, WP, AES and BD, with a
significant (p = 0.01) impact on RE. With the exceptions of LIV, FW, SR and SP, education level had
a significant (p = 0.01) impact on all of the ES and BD factors. Personal monthly income had only a
significant (p = 0.05) impact on FW, WP, BD, and RE.

To explore the specific effects of personal factors on preference heterogeneity, we calculated the
grouping mean of each factor except gender (Table A3). For age factor, the preference for SR gradually
increased with age, but the group of 51-60 years old became the lowest group. The older the age,
the lower the preference for WR, the higher the preference for WP. The preference for RE roughly
decreased with age, and the group of 31-40 years old was the group with the highest preference.
Regarding education level, college and above groups had the lowest preference for AP, and other groups
had less difference for AP. The higher the education level, the higher the preference for WR, but the
lower the preference for WP. The preferences for AES and RE increased with the level of education.

Residents of different occupations had different preferences for ES. Compared with other
occupations, services and farmers had low preference for WR, but they had a higher preference
for WP than other occupations. Public functionaries, students and retired persons had a high preference
for BD, and other occupations had a lower preference for it. Public functionaries and students had a
high preference for RE, and other occupations had a low preference; farmers had the lowest preference.
As for income, the group with 2000-3000 CNY had a highest preference for FW and a lowest preference
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for BD. The group of less 2000 CNY had a highest preference for WP, and the group of 3001-5000 CNY
and 5001-8000 CNY had a higher preference for RE.

3.4.2. Residential Factors

We selected habitation, residential area, residential time, distance from the river, and distance from
Xi’an City center as the residential factors. The analysis results are presented in Table 2. The ‘distance
from the river” had a significant impact on LIV, SR, WP (p = 0.01). The closer to the river, the higher
preference for LIV, the lower preference for SR and WP. The “distance from Xi’an City center” had a
significant impact on LIV, SR, WP, and RE (p = 0.01). The closer to Xi’an City center, the lower the
preference for LIV, and the higher the preference for SR and WP. Habitation had a significant impact on
WP and RE (p = 0.001). Residential area had a significant impact on FW and RE (p = 0.001). In addition,
the impact of residential time on WP and RE was very significant (p = 0.001).

Based on grouping mean of habitation, residential area and residential time, some information is
shown in Table A4. Rural residents have a higher preference for WP than urban residents, and urban
residents have a higher preference for RE than rural residents. The preference of upstream residents
(0.92) for FW is significantly lower than that of midstream (2.25) and downstream (1.94) residents.
Groups with a residential time of 21-30 years prefer WP much less than other groups. Groups with a
residential time of 31-40 years have a higher preference for RE than other groups.
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Table 1. p value and significance of variance analysis.

11 of 19

Factor

AGR LIV FW AP SR WR WP BD AES RE SP
Gender 0.577 0.448 0.206 0.945 0.041 0.842 0.628 0.276 0.960 0.756 0.541
Age 0.557 0.023*  0.074 0.073 0.027 * 0.004 ** 0.000 *** 0.163 0.153 0.000 ***  0.839
Occupation 0.104 0.095 0.060 0.511 0.140 0.000 *** 0.000 *** 0.000 *** 0.007 *** 0.008 ** 0.260
Education 0.000 *** 0.364 0.173 0.001 *** 0.058 0.000 *** 0.000 ***  0.000 *** 0.007 ** 0.000 *=*  0.648
M-income 0.455 0.367  0.030* 0.294 0.746 0.493 0.012 * 0.048 * 0.197 0.015 * 0.661

Note: * indicates a significant level of confidence at 0.05, ** indicates a significant level of confidence at 0.01, and *** indicates a significant level of confidence at 0.001; M-income means

monthly income.

Table 2. Correlation coefficient, p value, and significance of residential factors.

Factor Variable

AGR

LIV FW AP SR WR WP BD AES RE SP
Habitation P 0.319 0.108 0.049 * 0.156 0.262 0.051 0.000 *** 0.024 * 0.016 * 0.001 *** 0.535
RA p 0.388 0.515 0.000 *** 0.213 0.222 0.146 0.146 0.157 0.05 * 0.000 *** 0.228
RT P 0.778 0.180 0.01* 0.036 * 0.201 0.018 * 0.000 *** 0.06 0.231 0.000 *** 0.473
DR R 0.010 0.191 ** -0.062 -0.069 —-0.175 ** 0.122* —-0.297 ** 0.041 0.108 * 0.109 * 0.125*
DXC R 0.046 -0.190 ** 0.049 0.069 0.145 ** —-0.080 0.322 ** -0.090 -0.092 -0.160**  -0.116 *

Note: RA = Residential area, RT = Residential time, DR = Distance from the river, Distance from Xi’an center, * indicates a significant level of confidence at 0.05, ** indicates a significant
level of confidence at 0.01, and *** indicates a significant level of confidence at 0.001.
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4. Discussion

4.1. Responders’ Reflections for the Perceptions of ES

Most respondents have higher responses to regulating services and provisioning services, such as
AP, WP, AGR and FW, and relatively lower responses to cultural services and BD. According to the
relevant literature [50], from 1960 to 2012, the number of haze days showed an increasing trend of
fluctuation in Xi’an. In 2015, the number of “lightly above” pollution days reached 135 days. In 2016,
the number of “lightly above” pollution days reached 206 days [51]. Therefore, the air quality in the
Fenghe River watershed has threatened the safety of human survival, and residents have a higher
preference for AP as a result. In addition, the water quality of the Fenghe River was seriously polluted
from 2001 to 2006. Since 2006, the water quality was gradually improved. At present, the water quality
has only reached the level 2 standard, meaning it is not suitable as drinking water [51]. Meanwhile,
according to the “Water Quality Standard for Urban Water Supply” (CJ/T 206-2005), the Fe, Mn, NH3-N,
pH, fluoride and total hardness in the source area of Fenghe River exceeded the standard [52]. So,
residents also have a high preference for WP.

This result is inconsistent with Lhoest et al. [30], who found that local residents had a higher
preference for provisioning services and cultural services in Cameroon, especially preference for meat.
In our results, the residents of the Fenghe River watershed have a higher preference for AGR than LIV.
This phenomenon shows that residents’ preferences for ES in different areas are influenced by local
customs and dietary habits. He et al. [53] studied the ES preferences of Wuyi Mountain National Park
and found that tourists have a higher preference for cultural services and a lower preference for other
services. This difference is mainly because different stakeholders have different preferences for ES. From
these differences, we can derive that people’s living areas and demands affect people’s perceptions
for ES. Which is consistent with the study of de Juan et al. [54], who find that fishermen paid more
attention to the destruction of coastal zones and habitat quality, while other residents and tourists paid
more attention to the scenery of coastal zone. Kang et al. [55] also found that residents” demand for ES
had changed in different periods, and residents” demand for cultural services had gradually increased
with the development of the economy. These phenomena indicate that the respondents have different
perceptions for ES due to different regional conditions, different stakeholders, and different periods.

Based on Maslow’s hierarchy of needs [56], human needs are divided into five levels from low to
high: physiological needs, safety and security needs, social needs, esteem needs and self-actualization
needs. ES can provide three dimensions needs to human: physiological needs, safety and security
needs, and self-actualization needs [57]. WP and AP are safety and security needs. Food and FW
are physiological needs. RE, AES and SP are spirit needs. This study shows that as the economic
level increases, people’s preferences for ES are shifting from physiological needs to safety needs and
spirit needs. Therefore, the government should balance the needs of ES and seek regional sustainable
development according to the local economic situation and the needs of residents.

4.2. Preference Heterogeneity

4.2.1. The Influence of Residential Factors

There are also differences in residents’ perceptions for ES in the watershed, that is, preference
heterogeneity. Urban residents have a higher preference for AP than rural residents. This is because
the main air pollutants in Xi’an are SO,, NO;, and TSP, and their main sources are motor vehicle
exhaust and industrial production exhaust [58], which are more serious in urban areas than in rural
areas. Residents in the midstream area have a higher preference for water quality than upstream and
downstream residents. This is because industrial, agricultural, and domestic pollution is the main
cause of water quality deterioration, and water pollution is the most serious issue in the midstream
area [50]. Therefore, residential factors have a noticeable impact on residents” preferences for ES.
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4.2.2. The Influence of Personal Factors

Some studies have shown that individual characteristics such as gender, age, occupation, income,
and education level had impacts on preferences [59-61]. This study also proves this phenomenon.
In this study, gender has no significant effect on preferences, which is different from the study by
Yang et al. [62]. They believe that female and male usually derive different benefits from ES, therefore,
their perceptions for ES also differ. This may be caused by different ES provided by different regions.
They mainly study the perceptions for ES provided by forests or mangroves. Although there are
forests in our study area, due to the local policy, the forests provide regulating services and cultural
services in Fenghe River watershed, hardly providing fibers and timber. This is the reason why the
study differs from other scholars’ research. Human cognition is the active reflection of the subject
on the object, influenced by direct and indirect experience. People occupy different environments
and positions, and have different knowledge structures and cognitive abilities, and they also have
different understandings of the same identified objects [63]. Generally speaking, people with higher
education level have a deeper understanding of WR and BD, and have a higher preference for WR and
BD. However, this was not the case in this study. The survey results show that people who are older
and longer residence time have a higher preference for WP, which is related to their direct experience.
They have witnessed the process of regional environmental change and have a higher preference for
WP. The direct experience and indirect experience obtained by different occupations are obviously
different, which is also the reason why occupation has the greatest influence on preference heterogeneity.
The research of Zhang et al. also shows that people’s direct experience and local environment play
an important role in shaping people’s understanding of their environment [33]. Therefore, personal
factors also have impact on preference heterogeneity. Above all, preference heterogeneity is the result
of multiple factors.

4.3. The Lower Awareness for WR, SR, and BD by Residents

Most respondents have a lower preference for WR, SR and BD. WR generally refers to measures to
conserve water resources, is closely related to water resources, and plays an important role in regional
water cycle and water balance, contributing to the sustainable use of water resources [64]. It means
that the water retention ability directly affects the fresh water supply ability. However, local residents
prefer FW to WR, which indicates that local residents have a lower level of understanding of WR and
do not understand its important role in ecosystem functions. SR refers to the ability of ecosystems
to control soil erosion and to maintain sediment accumulation [65]. Soil erosion can cause soil loss,
the soil fertility decline, grain production decline, and river sediment increase, and can also lead to
transverse movement of soil organic carbon, thereby affecting the global carbon cycle [66,67]. However,
few residents can realize the importance of SR.

BD is an ecological complex of organisms and their habitats, which covers three levels: genetic
diversity, species diversity and ecosystem diversity. Mace et al. believe that BD has three major roles:
(1) regulators of ecosystem processes (e.g., bee pollination); (2) ultimate ES (e.g., planted apples);
(3) commodities with their own value (e.g., ornamental value of wild animals and plants) [68]. From the
perspective of the relationship between BD and ES, BD can be combined with the concepts of ES at all
levels. It can support the ecosystem processes and directly impact the provision of some ES, and may
be valuable itself. Although BD is very important, residents’ preferences and willingness to pay for BD
are low, which indicates that most residents have not realized the importance of BD and have a low
level of understanding of BD.

As can be seen, residents prefer direct and local ES, and their level of understanding of indirect ES
is low. Most residents do not recognize the important role of indirect ES and BD. This is consistent
with the findings of Zhang et al., who conclude that the importance of provisioning services is
generally recognized, while local residents have relatively low awareness of the need for regulating
and supporting services [33].
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4.4. Limitations

In order to ensure the sample can reflect the characteristics of the population, when we select
sample points, we take into account the natural and socio-economic differences to select sample points,
and then randomly distribute questionnaires at sample points. Although this survey method cannot
guarantee the principle of complete randomness of the questionnaire, it can obtain the heterogeneity of
residents’ perceptions for ES under different natural and socio-economic backgrounds. Although the
randomness of this method needs to be improved, it can fully reflect the overall characteristics of the
method. In future research, we will more realistically reflect the local residents’ perceptions for ES by
increasing the sample points and sample size.

4.5. Management Recommendations
Based on our results and discussions, we put forward three suggestions for watershed management.

(1) the air quality and water quality need to be improved urgently. We should actively implement the
haze control action plan in Xi’an, which involves fully implementing “coal cleaning”, dismantling
coal-fired boilers and coal-fired facilities, reducing the use of loose coal, and so on. Meanwhile,
we should also carry out the ‘ecological restoration project of the Fenghe River’, and actively
build and expand sewage treatment plants to ensure that sewage discharge meets the standards.

(2) managers should raise residents’ awareness of regulating services and BD. Managers should
educate residents about their important role and understand which actions protect or impair
these services. For example, they should help residents understand that forests have the function
of WR and SR, and then they will gradually form an ecological awareness of protecting forests.

(3) establishing a multi-channel fund system with government financial resources as the main source
will help to improve the local ES and BD. The improvement of public assets, the main capital
investment should be obtained from government funds, supplemented by other channels.

5. Conclusions

Taking the Fenghe River watershed as an example, this study applies social survey method to
obtain the data of residents’ preferences and willingness to pay for ES. Using the ranking method,
Likert scale method and hypothetical market method, the residents’ preferences and willingness to pay
for ES were obtained. The independent sample T test, one-way ANOVA and Spearman correlation
analysis were used to analyze preference heterogeneity. The results show that:

(1) Residents have a higher preference for WP, AP, AGR and FW, but a lower preference for WR, SR,
BD and cultural services.

(2)  Abouthalf of the residents are willing to pay, and half of residents are unwilling to pay. The amount
that residents are willing to pay is roughly the same as their preferences for paying for services.

(3) Residents’ preferences for ES are heterogeneous, and residential factors and personal factors have
an impact on heterogeneity.

(4) There are differences in residents’ perceptions for ES in different regions.

(5) Improving ES of the Fenghe River watershed should be carried out in three aspects: pollution
control, raising residents” awareness of ES, and funding guarantees.

Therefore, when making regional policies, it is essential to clearly understand the residents’
perceptions for ES, which will be beneficial for the sustainable use of ES.
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Appendix A
Table A1. Basic information of respondents.
Item Group Number Proportion (%) Item Group Number Proportion (%)
Gender Male 208 53.9% Education Uneducated 10 2.6%
Female 178 46.1% Primary School 71 18.4%
Age 18-30 130 33.7% Middle School 180 46.6%
31-40 63 16.3% >College 125 32.4%
41-50 71 18.4% . o <10 years 22 5.7%
51-60 61 15.8% Residential time 10-20 years 37 9.6%
>60 61 15.8% 21-30 years 103 26.7%
Monthly Income <2000 134 34.7% 31-40 years 51 13.2%
2000-3000 93 24.1% 41-50 years 58 15%
3000-5000 97 25.1% >50 years 115 29.8%
5000-8000 43 11.1% Occupation Office Clerk 49 12.7%
>8000 19 5% Services 22 5.7%
Residential area Upstream 65 16.9% Public functionary 22 5.7%
Midstream 280 72.5% Self-employed 49 12.7%
Downstream 41 10.6% Student 53 13.7%
Habitation Urban area 80 20.7% Famer 160 41.5%
Rural area 306 79.3% Retired 16 4.1%
- - - - Other 14 3.6%

Table A2. The scores and order of ecosystem services.

Selection Frequency

ES Importance Order
1 2 3 4 5 No Choice

WP* 033 023 014 0.08 0.07 0.16 3.19 1
AP* 025 022 020 0.13 0.9 0.11 3.07 2
Fw* 010 021 013 009 0.07 0.40 1.96 3
AGR* 015 009 012 012 0.10 0.42 1.81 4
SR** 002 0.06 011 012 0.13 0.55 1.06 5
WR* 003 007 009 009 0.12 0.60 1.00 6
RE** 004 003 006 009 0.11 0.66 0.82 7
BD 0.02 0.02 0.07 012 011 0.66 0.77 8
AES** 0.02 003 004 010 0.13 0.68 0.69 9
LIV* 002 004 003 005 0.01 0.85 0.46 10
Sp** 0.01 001 001 001 0.05 0.90 0.23 11

Note: * for the supply service, ** for the regulation service, *** for the cultural service.

Table A3. Mean value of each group of personal factors.

Factor Sub-Factor Number AGR LIV FW AP SR WR WP BD AES RE SpP
No 10 260 040 29 3.10 1.7 0.20 4.1 030 020 0.00 0.30

Education Primary school 71 238 023 234 313 146 062 383 042 044 032 021
Middle school 180 1.66  0.51 198 346 094 1.03 343 059 068 079 018

>College 125 127 049 195 258 111 143 252 126 092 1.2 0.30

18-30 130 1.51 067 186 294 1 134 262 098 0.88 1.08 0.28

31-40 63 1.67 054 216 283 1 1.38 3.21 0.71 0.63 127  0.16

Age 41-50 71 1.70  0.21 177 354 130 085 361 0.68 076 073 0.21
51-60 61 1.84 041 221 3.18 0.8 0.8 357 054 061 0.51 0.26

>60 61 195 018 257 318 156 066 375 0.69 041 0.18 0.16

<2000 134 1.73 030 219 322 113 099 348 080 0.61 0.60 0.23

2000-3000 93 182 044 244 308 126 091 329 044 058 062 0.16

Monthly income 3001-5000 97 1.51 0.58 1.63 289 098 127 322 098 0.85 113 022
5001-8000 43 149 051 1.81 3.05 1.07 119 237 091 1.00 128 0.26

>8000 19 221 068 205 3.68 1.00 095 316 074 047 058 047
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Table A3. Cont.

Factor Sub-Factor Number AGR LIV FW AP SR WR WP BD AES RE spP
Office clerk 49 163 094 18 28 129 147 308 076 049 1.06 0.29
Services 22 155 032 164 355 145 073 355 073 065 073 023
P-functionary 22 1.0 027 173 305 08 136 250 168 083 127 0.14
Occupation Self-employed 49 186 053 171 333 104 153 276 059 058 082 037
Student 53 119 036 209 28 074 149 257 125 1.09 130 023
Farmer 160 197 032 243 319 127 061 386 051 042 053 0.14
Retired 16 138 056 138 288 094 150 231 131 144 050 0.13
Other 14 157 050 157 321 050 121 236 057 116 121 071

Note: P-functionary means public functionary.

Table A4. Mean value of each group of residential factors.

Factor Sub-Factor Number AGR LIV FW AP SR WR WP BD AES RE SpP
Habitation Urban area 80 151  0.65 1.7 285 095 140 239 1.11 1.04 134 0.18
Rural area 306 174 039 216 317 115 097 345 068 061 068 024

<10 years 48 209 000 156 28 073 123 319 094 100 138 042

11-20 years 41 130 030 163 320 110 120 315 1.02 071 1.07 024

Residential Time 21-30 years 31 173 068 209 306 100 137 253 098 077 086 025
31-40 years 49 151 061 218 267 110 135 3.02 082 084 131 0.10

41-50 years 56 1.69 051 173 368 145 082 363 061 063 064 025

>50 years 111 179 032 253 312 120 071 368 050 050 032 0.16

Upstream 67 157 030 092 306 103 139 139 067 070 084 022

Residential Area Midstream 280 176 047 225 306 118 1.00 1.00 074 064 066 020
Downstream 39 138 051 194 354 077 095 095 113 115 192 044
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