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Abstract
Maintaining and protecting ecosystem services is fundamental to achieving sus-
tainable development, and the quantitative evaluation of the economic value of
wetland ecosystem services has become a cutting-edge research topic in the field
of ecology. This study takes the Sanjiang Plain wetlands as the research object,
applies the choice experiment method, selects four wetland attributes including
wetland area, biodiversity, water conservation, and natural landscape, employs
the Random Parameter Logit (RPL) model to monetarily evaluate them, and
combines it with the Latent Class Model (LCM) to verify and explain the het-
erogeneity of public preferences for wetland ecosystem services. The results
demonstrate that the values of wetland ecosystem services rank in the following
order: water conservation > wetland area > biodiversity > natural landscape.
The total value for maintaining current wetland ecosystem services is 14.61 bil-
lion yuan/a, while the improvement value is 98.58 billion yuan/a. Moreover,
the study finds that respondents can be categorized into three latent categories:
resource-preference type, landscape-preference type, and price-sensitive type,
with different groups exhibiting distinct preferences for wetland ecosystem ser-
vices; female respondents and those with higher education levels show stronger
preferences for resource protection, high-income respondents and those who fre-
quently visit scenic areas demonstrate stronger preferences for landscape protec-
tion, while respondents with lower education and income levels tend to select
wetland management schemes with lower prices. This research contributes to
the optimal design of wetland sustainable management policies and provides a
theoretical basis for the formulation of relevant environmental policies.
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Abstract
Maintaining and protecting ecosystem services forms the foundation for achiev-
ing sustainable development. Quantitative assessment of the economic value
of wetland ecosystem services has become a leading research frontier in ecol-
ogy. This study examines the Sanjiang Plain wetlands as its research object,
employing choice experiments to monetarily evaluate key wetland attributes in-
cluding wetland area, biodiversity, water conservation, and natural landscapes.
A random parameter logit (RPL) model is used for monetary valuation, while a
latent class model (LCM) confirms and explains public preference heterogeneity
for wetland ecosystem services.

The results reveal that the relative values of wetland ecosystem services are
ranked as follows: water conservation > wetland area > biodiversity > natural
landscape. The total willingness to pay (WTP) for maintaining current wet-
land ecosystem service functions is RMB 14.61 billion per year, while the WTP
for improvement is RMB 98.58 billion per year. The study identifies three la-
tent classes among respondents: resource-preferring, landscape-preferring, and
price-sensitive types. Different groups exhibit distinct preferences for wetland
ecosystem services. Female respondents and those with higher education levels
show stronger preferences for resource conservation, while high-income respon-
dents and those who frequently visit scenic areas demonstrate greater preference
for landscape protection. Conversely, respondents with lower education and in-
come levels are more sensitive to price and tend to select wetland management
options with lower costs. These findings can inform the optimization of wetland
sustainable management policies and provide a theoretical basis for environmen-
tal policy formulation.

Keywords: Sanjiang Plain Wetlands; ecosystem services; preference hetero-
geneity; choice experiment method; random parameter logit; latent class model
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1. Study Area Overview
The Sanjiang Plain, located in the northeastern corner of China, is the largest
freshwater marsh distribution area in the country. Formed by the confluence
and alluvial deposits of the Heilongjiang, Songhua, and Wusuli Rivers, it lies
between 129°11�20�–135°05�26�E and 43°49�55�–48°27�40�N. The plain features
numerous pristine wetlands with scattered lakes and ponds, creating diverse and
colorful wetland landscapes. As a crucial ecological functional zone, the Sanjiang
Plain hosts several national nature reserves including the Honghe, Sanjiang, and
Xingkai Lake International Nature Reserves, with five wetlands listed in the
International Important Wetland Directory. This region represents a key area
for international wetland biodiversity conservation and holds a prominent global
position.

Since reclamation began in the 1950s, extensive wetland areas have been con-
verted to farmland. Currently, the remaining natural wetlands face the risk of
disappearance. The conflict between agricultural development and wetland con-
servation has severely impacted the overall ecosystem service functions. With
shrinking wetland area and expanding cultivated land, the total service function
value of the wetland and farmland ecosystems is declining. The construction of
numerous drainage canals has neglected wetland ecological water requirements,
while large-scale rice cultivation has accelerated ecosystem degradation. Many
species have lost their habitats, water and soil conservation functions have deteri-
orated, and biodiversity protection capacity continues to decline, posing serious
threats to ecological security and socioeconomic sustainability. Urgent action is
needed to regulate and manage wetland ecosystem service functions.

2. Methodology
2.1 Choice Experiment Method

Choice experiments (CE) represent an important non-market resource valuation
technique grounded in consumer theory and random utility theory. The value
of each evaluated object is determined by multiple attributes, where changes
in attribute levels may alter respondent preferences or choices. Respondents
always aim to maximize utility in each selection. Researchers typically provide
respondents with a series of choice sets reflecting different attribute states of
the study object, with each set containing at least one monetary attribute. By
analyzing and comparing people’s choices, the economic value of each environ-
mental function and attribute can be derived.

According to random utility theory, individual q’s utility for alternative i
consists of a deterministic component and a random error term:

𝑈𝑖𝑞 = 𝑉𝑖𝑞(𝑍𝑖, 𝑆𝑞) + 𝜀𝑖𝑞

where 𝑍𝑖 represents attributes of wetland management alternative i, and 𝑆𝑞
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represents socioeconomic attributes of individual q. The probability that
individual q chooses alternative i from a choice set J with j options is:

𝑃𝑖𝑞 = 𝑃[𝑈𝑖𝑞 > 𝑈𝑗𝑞; ∀𝑗 ∈ 𝐽]

If the random error term follows an extreme value distribution (EV1) and is
independently and identically distributed (IID), the multinomial logit (MNL)
model is obtained, where the probability of individual q choosing the best
alternative i can be expressed as:

𝑃𝑖𝑞 = exp(𝑉𝑖𝑞)
∑𝐽

𝑗=1 exp(𝑉𝑗𝑞)

The deterministic component 𝑉𝑖𝑞 typically includes alternative specific constants
(ASC), attributes of alternative i (𝑍𝑖), and socioeconomic characteristics of in-
dividual q (𝑆𝑞).

2.2 Random Parameter Logit Model

The RPL model addresses heterogeneity among individuals in basic logit
models by allowing utility parameters to vary randomly, thereby capturing
preference heterogeneity. The indirect utility of RPL is decomposed into a
deterministic component and a random error term:

𝑈𝑖𝑞 = 𝑉𝑖𝑞(𝑍𝑖, 𝛽) + 𝜀𝑖𝑞

Since individual preference heterogeneity can vary with the random component
𝜂𝑖 and socioeconomic attributes 𝑆𝑖, specifying distributions for error terms 𝜀
and 𝜂 yields the probability of choosing alternative i from choice set J. The
deterministic component is assumed to be a function of choice attributes 𝑍𝑖 with
parameters 𝛽. By interpreting unobserved heterogeneity, the choice probability
can be derived.

2.3 Latent Class Model

The latent class model (LCM) is a semi-parametric approach that does not re-
quire assumptions about parameter distributions. It divides the sample into a
finite number of identifiable classes where preferences are homogeneous within
each class but heterogeneous between classes. LCM can estimate choice prob-
abilities for individuals in each class and analyze how socioeconomic attribute
variables influence these probabilities, thereby explaining the formation mecha-
nism of preference heterogeneity.

Assuming the sample consists of latent classes 𝑠 that capture unobservable
heterogeneity through different parameter vectors in the utility function, if
individual q belongs to class 𝑠, the choice probability for individual q in class 𝑠
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can be expressed as:

𝑃𝑖𝑞|𝑠 =
exp(𝑉𝑖𝑞|𝑠)

∑𝐽
𝑗=1 exp(𝑉𝑗𝑞|𝑠)

Considering individual classification membership functions, respondents can be
assigned to 𝑠 potential categories. The classification membership function for
individual q belonging to class 𝑠 is:

𝑀𝑞𝑠 = 𝜆𝑠𝑆𝑞 + 𝜉𝑞𝑠

Classification membership is influenced by observable socioeconomic attributes
𝑆𝑞. Assuming the random error term of the classification membership function
follows an extreme value distribution, the probability 𝐻𝑞𝑠 of individual q being
in class 𝑠 can be expressed as:

𝐻𝑞𝑠 = exp(𝛼𝜆𝑠𝑆𝑞)
∑𝑆

𝑠=1 exp(𝛼𝜆𝑠𝑆𝑞)

where 𝛼 is a scale factor, and 𝜆𝑠 represents class-specific parameters to be
estimated. Combining the choice equation and classification equation, the
unconditional probability of choosing alternative i is:

𝑃𝑖𝑞 =
𝑆

∑
𝑠=1

𝐻𝑞𝑠 ⋅ 𝑃𝑖𝑞|𝑠

2.4 Compensating Surplus Value

Hanemann proposed compensating surplus (CS) consistent with demand theory.
Once parameter vector estimates 𝛽 are obtained, welfare changes resulting
from attribute set changes can be calculated. The compensating surplus value
from initial state 𝑉 0 to new state 𝑉 1 is:

𝐶𝑆 = − 1
𝛽𝑝

[ln(∑
𝑖

exp(𝑉 1
𝑖 )) − ln(∑

𝑖
exp(𝑉 0

𝑖 ))]

If utility for all attributes is a linear function, the WTP for improving a specific
environmental attribute level 𝑟 is:

𝑊𝑇 𝑃𝑟 = −𝛽𝑟
𝛽𝑝

where 𝛽𝑟 and 𝛽𝑝 represent estimated parameters for environmental attribute 𝑟
and price attribute 𝑝, respectively.
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3. Choice Experiment Design
This study aims to estimate the ecosystem service value of Sanjiang Plain wet-
lands, with the critical step being the determination of wetland attributes and
their level combinations. Through literature review and expert consultation,
the research team analyzed and discussed regional public perspectives to iden-
tify final attributes important to the public, their levels, and appropriate sur-
vey language. Four wetland attributes were selected: wetland area, biodiversity,
water conservation, and natural landscape, with a payment price attribute to
determine monetary values.

Wetland area has three levels, while water conservation and natural landscape
each have three levels. Wetland area is fundamental to ecosystem service func-
tions. The conflict between agricultural development and wetland protection in
the Sanjiang Plain has severely affected overall ecosystem service value, making
wetland area’s economic value highly relevant. The wetland ecosystem serves as
a carrier for biodiversity, making it an indispensable attribute. Water conserva-
tion is a critical service function formed through wetlands’special hydrological
roles, distinguishing them from forests, grasslands, and other ecosystems. Be-
yond ecological benefits, wetland natural landscapes provide recreational and
cultural values that cannot be ignored.

shows the wetland attributes and management levels used in the choice experi-
ment. Considering practical feasibility, orthogonal experimental design methods
and software were used to select choice sets with different wetland attribute level
combinations. Each choice set contains two wetland management alternatives
and one status quo alternative. The status quo represents the current envi-
ronmental state without any management measures, which is consistent with
demand theory and facilitates welfare estimation.

4. Choice Experiment Data Collection
This study focused on the Sanjiang Plain wetlands to evaluate ecosystem service
values. A pre-survey was conducted between May and June 2015 to determine
the price attribute and sample size, test questionnaire design, and revise inaccu-
rate questions and expressions to ensure survey efficiency and reliability. The
final questionnaire included three sections: (1) respondents’knowledge and at-
titudes toward Sanjiang Plain wetlands and environmental protection; (2) the
core choice experiment with 12 choice sets; and (3) respondents’socioeconomic
attributes including gender, age, education, income, and number of visits to the
area.

The survey was administered through face-to-face interviews in Heilongjiang
Province in July 2015. Survey personnel received prior training and clearly
explained the meaning of each attribute and option to respondents before the
interview. A total of 1,200 questionnaires were distributed (400 per version),
yielding 1,182 valid questionnaires (394 valid observations) after removing in-
complete and extreme responses.
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5. Sample Characteristics
In addition to choice data, collecting respondents’socioeconomic attribute data
is essential for explaining sample representativeness and discussing preference
heterogeneity. presents the descriptive statistics. The sample comprised 52.28%
females and 47.72% males, with a relatively balanced gender distribution. Age
distribution was also reasonable, with respondents aged 26–59 accounting for
65.98%. Education levels were concentrated in high school and college, reflecting
relatively high cultural literacy. Income distribution was relatively even across
categories.

6. Model Parameter Estimation
6.1 Random Parameter Logit Model Estimation

Based on dummy coding of attribute levels and respondent characteristics, the
basic model was analyzed to demonstrate how selected attributes explain choices
among alternatives. The model included alternative specific constants (ASC),
four wetland attributes specified as normally distributed random parameters,
and payment price specified as non-random. presents the RPL model results.

All wetland attributes passed significance tests and showed signs consistent with
prior expectations. Under constant conditions, any increase in a single attribute
increases the probability of a management alternative being selected. The pos-
itive coefficients for wetland area, natural landscape, biodiversity, and water
conservation indicate respondents’positive attitudes toward ecosystem service
improvements. The significantly negative payment price coefficient shows that
higher prices reduce the probability of an alternative being selected.

6.2 Latent Class Model Parameter Estimation

The first step in LCM analysis is determining the number of classes. Wet-
land area, biodiversity, water conservation, and natural landscape attributes
were used as utility function parameters, while respondents’socioeconomic at-
tributes served as classification membership function parameters. shows the
LCM classification results based on AIC, BIC, and AIC3 criteria.

The log-likelihood ratio improves with more classes, but AIC and BIC values
decrease and then increase. The three-class model was selected as optimal.
shows the relative importance of parameters across three latent classes. In
Class 1 (resource-preferring), water conservation is most important. In Class
2 (landscape-preferring), natural landscape importance far exceeds other at-
tributes. In Class 3 (price-sensitive), payment price is the most important at-
tribute.

presents the LCM parameter estimates. The three latent classes are: - Class 1
(Resource-preferring, 68.88%): All wetland attribute coefficients are signif-
icant. Gender and education significantly affect classification membership, with
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females and highly educated respondents showing stronger resource conservation
preferences. - Class 2 (Landscape-preferring, 15.70%): Only natural land-
scape and biodiversity coefficients are significant. Income and visit frequency
positively affect membership, indicating high-income, frequent visitors prefer
landscape protection. - Class 3 (Price-sensitive, 15.42%): Payment price
coefficient is significantly negative. Education and income are negatively cor-
related with membership, showing less educated and lower-income respondents
are more price-sensitive.

6.3 Attribute Value Accounting

Public valuation of wetland management attributes ranks as: water conservation
> wetland area > biodiversity > natural landscape. This aligns with Zhang
Yiran’s findings on inland wetland ecosystem service values. The high priority
for water conservation may relate to the Sanjiang Plain’s reputation as a famous
rice-producing region, where water quality directly affects grain yield and quality.
shows the marginal WTP values: wetland area (RMB 82.68), biodiversity (RMB
41.12), water conservation (RMB 118.57), and natural landscape (RMB 59.38).

6.4 Compensating Surplus Values

Compensating surplus values increase with improved wetland ecosystem service
functions. shows the average WTP for maintaining current services is RMB
38.11 per respondent, and RMB 257.18 for improvement. Multiplying by Hei-
longjiang’s 2014 permanent population (38.33 million) yields total WTP of RMB
14.61 billion annually for maintenance and RMB 98.58 billion for improvement.

7. Conclusions
This study applied choice experiments to evaluate the marginal benefits of San-
jiang Plain wetland ecosystem services and analyzed preference heterogeneity
using RPL and LCM models. Key findings include:

1. Public WTP for wetland area, biodiversity, water conservation, and natu-
ral landscape are all positive, with water conservation receiving the highest
marginal WTP, followed by wetland area, then biodiversity and natural
landscape. This demonstrates that protecting Sanjiang Plain wetlands
generates substantial economic benefits alongside ecological sustainabil-
ity.

2. The conflict between agricultural development and wetland conservation
has severely impacted ecosystem service values. Future policies should
strengthen wetland protection and restoration, prohibit overdevelopment,
restore wetland area, and prioritize water quality and biodiversity rehabil-
itation.

3. Respondents can be classified into three latent classes with distinct pref-
erences: resource-preferring, landscape-preferring, and price-sensitive. So-
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cioeconomic attributes significantly influence these preferences. Females
and highly educated individuals prefer resource conservation; high-income
and frequent visitors prefer landscape protection; lower education and
income groups are price-sensitive. As incomes and environmental aware-
ness rise, WTP for wetland conservation will increase. Enhanced envi-
ronmental education and promotion of wetland ecological civilization will
strengthen public ecological consciousness and positively influence WTP.

8. Discussion
Compared to contingent valuation methods, choice experiments more scientifi-
cally and accurately assess WTP and preferences for different wetland attributes.
However, since valuation is based on hypothetical markets, questionnaire design,
question order, and respondent comprehension may affect results. This study’
s purpose was not precise value estimation but rather measuring marginal val-
ues of wetland attributes to identify their relative importance, explore group
preferences, and explain heterogeneity mechanisms.

Future research should examine how psychological perception factors and ge-
ographic context influence WTP, as well as the effects of questionnaire infor-
mation and cognition on choices. While wetland ecosystem service valuation
methods continue evolving, only a minority of known services can be quanti-
fied standardizedly. As services become more finely categorized and wetland
types diversify, choice experiment-based valuation can capture public ecological
preferences, inform social perspectives on conservation responsibility allocation,
and help determine management priorities to serve decision-making and human
welfare.
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