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Abstract: Wetlands are ecologically and socioeconomically crucial areas. The application of economic
valuation methods could ensure the sustainable utilization of wetlands. Utilizing wetland survey
data from Jilin Province, China, representative of the years 2013 and 2017, we assessed the market
value of water obtained from wetlands. Simultaneously, we employed the PLUS model to predict
changes in wetland areas of different types over the next decade and analyzed their impact on
the value of freshwater resource supplies. The results indicate the following points: (1) the area
of wetlands decreased from 10,852.84 km2 in 2013 to 10,794.46 km2 in 2017 and that, in 2027, this
was projected to further decrease to 10,614.37 km2, with river wetlands experiencing the most
substantial decline; (2) the freshwater volumes in 2013 and 2017 were 20.81 × 108 and 20.09 × 108 m3,
respectively, representing a 3.58% decrease. The volume for 2027 was projected to further reduce to
19.74 × 108 m3, with lake wetlands contributing the most to water resources and marsh wetlands
contributing the least; and (3) the obtained total value of freshwater continuously increased, rising
from CNY 8.384 billion in 2013 to CNY 8.642 billion in 2017, and this was projected to further increase
to CNY 9.101 billion in 2027. There was regional variation in the value of wetland freshwater resource
supplies, with differences in the per unit area and per capita value among administrative units. These
findings can facilitate the optimal allocation of freshwater resources in Jilin Province, promoting its
sustainable development while ensuring wetland conservation.

Keywords: freshwater supply value; ecosystem services; water resources; value assessment; wetlands;
PLUS model

1. Introduction

The environmental conditions and materials necessary for human survival are col-
lectively referred to as ecosystem services, highlighting the interdependence of humans
and nature. Understanding and maintaining these ecosystem services is crucial for main-
taining ecological balance, promoting sustainable development, and enhancing the quality
of human life [1]. Ecosystem service assessments primarily reveal the economic value of
ecosystems through economic methods, allowing people to understand the contributions
and importance of ecosystems to human society more intuitively. Quantifying the economic
benefits of and human preferences for ecosystems can provide a theoretical basis for the
construction of an ecological civilization and play a significant role in increasing human
awareness of ecosystem protection [2,3].

Various methods have been used to assess ecosystem services. Choosing an appropri-
ate assessment method, such as market value or cost reset methods, for the quantification
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of ecosystem services can assist in the management and protection of ecological resources,
provide a theoretical basis for policymaking, and promote the ecological and sustainable
development of the socio-economy [4]. Extensive research has been conducted worldwide
to evaluate different types of ecosystem services [5–8]. Wetland ecosystems are complex
ecosystems formed by the interaction of water and land. Along with marine and forest
ecosystems, they are considered one of the three most important ecosystems on Earth, with
significant ecological and socioeconomic value [9,10]. Wetlands possess unique functions
and material supply capabilities. They play an irreplaceable role in climate regulation,
water purification, flood control, and storage, and can provide substantial ecological, eco-
nomic, and social benefits [11]. Daily et al. [12] first proposed the concept of wetland
ecosystem services and methods for evaluation. Some scholars have discussed valuation
frameworks, including the estimation of the total economic value of restoring and pro-
tecting ecosystem services from a sustainability perspective. According to the United
Nations Millennium Ecosystem Assessment, wetland ecosystem services are categorized
into four major types (i.e., provisioning, regulating, supporting, and cultural services)
based on the actual conditions of different wetlands and their ecosystem structural charac-
teristics [13,14]. Among these, the freshwater supply function (water provision) is one of
the most important. Wetlands, such as rivers and lakes, typically have high water levels
and are capable of accumulating and storing high volumes of freshwater. Moreover, wet-
lands recharge the surrounding groundwater through seepage and hydrological processes,
thereby maintaining groundwater levels and reserves [15]. The freshwater in wetlands
can also supply drinking water to society, provide freshwater resources for agricultural
irrigation, and support the biodiversity of various ecosystems. Therefore, quantifying
the economic value of freshwater supply through economic valuation with respect to the
efficient use of freshwater resources in wetlands is crucial for the economic prosperity and
sustainable development of society and nations [16]. The currently employed methods to
determine the value of freshwater resources primarily involve the consultation of relevant
data on regional water flows and the collection of water resource values based on local
water prices [17]. However, different wetland types have varying water storage capacities,
and some may not be directly usable for water resource provision [18]. Thus, it is essential
to consider these aspects when calculating the value of wetland freshwater supplies.

Jilin Province, located in northeastern China, has abundant wetland resources [19].
Huang et al. [20] conducted a study on the wetland ecosystem service values of 19 different
types within Momoer National Nature Reserve in Jilin Province. Yu et al. [21] found that the
wetlands of Jilin Province could provide approximately CNY 58.328 × 109 of the ecosystem
service value annually. Zhang et al. [22] discovered that in the western part of Jilin, marshes,
farmland, water bodies, and grasslands primarily contribute to the ecosystem service value.
Cai et al. [23] focused on the ecological service value of an interconnected river system
network project in western Jilin Province. However, current research on wetland ecosystem
services in Jilin Province mainly focuses on the assessment of ecological service values
within a single time frame, with limited attention to the spatiotemporal changes in the
value of wetland resources [17,24]. Moreover, there is still a need for in-depth studies on
future changes in wetland areas and the value of freshwater resource supplies.

Therefore, based on two rounds of wetland resource surveys in Jilin Province, we
analyzed changes in wetland areas and freshwater supplies and calculated the freshwater
supply value of wetlands in Jilin Province. The PLUS model was employed to identify
changing patterns in land use in Jilin Province from 2013 to 2017 and predict the value
of wetland freshwater resources in 2027. This research provides essential support for
the optimal allocation of wetland freshwater resources, the sustainable development of
socio-economic and ecological environments, and wetland conservation in Jilin Province.
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2. Materials and Methods
2.1. Overview of the Study Area

Jilin Province (40◦52′–46◦18′ N, 121◦38′–131◦19′ E) is in the central part of the north-
eastern region of China, with a total area of approximately 187,400 km2 (Figure 1). The
province mainly experiences a temperate continental monsoon climate, with most areas
having an annual average temperature of 3–5 ◦C and annual precipitation ranging from
450 to 910 mm [25]. Jilin Province serves as the headwater province for major rivers in the
northeastern region, with a total wetland area of approximately 230,300 ha, as per the Third
National Land Survey. The topography of Jilin Province can be divided into two major
regions: the western plain and eastern mountainous areas. In the eastern mountainous
region, riverine wetlands are the predominant wetland type, and these wetlands are pri-
marily distributed in the Changbai Mountain region and some low mountainous and hilly
areas. Lake wetlands are mainly concentrated in the western plain area of Jilin Province,
with Bai Cheng and Songyuan having the highest number of lakes. Marsh wetlands are
primarily located in the Songyuan, Bai Cheng, Yanbian, and Yanji areas, and these marsh
wetlands are crucial for wetland ecosystems and biodiversity conservation. Artificial wet-
lands include reservoirs, ponds, and canals for water conveyance. These wetland resources
play significant roles in ecological protection, water resource management, and agricultural
production in Jilin Province [26,27].
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2.2. Data Collection and Selection
2.2.1. Data Collection

The relevant wetland data in this paper mainly originate from the wetland resource
survey of Jilin Province, including the distribution of wetland patches and original data on
water depth. The land use type, GDP, annual precipitation, annual average temperature,
soil, and digital elevation model (DEM) were all sourced from the Chinese Academy of Sci-
ences Resource and Environment Science Data Center [28]. Population density raster data
were sourced from the WorldPop website [29]. Vector data for roads, railways, and other
transportation networks at various levels were obtained via the AMap API using Python.
Socioeconomic data were sourced from the ‘Statistical Yearbook of Jilin Province’ [30]. The
water prices were sourced from the ‘China Water Network Platform’ [31].
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2.2.2. Selection of Water Resource Supply Values for Different Wetland Types

The freshwater supply of wetlands varies across wetland types. Therefore, we se-
lected wetland types capable of providing freshwater resources based on their value and
characteristics (Table S1). Riverine wetlands were categorized into two secondary classes:
permanent rivers and seasonal or intermittent rivers. Marsh wetlands included herbaceous
marshes, lake wetlands including permanent freshwater lakes, and artificial wetlands
encompassing reservoirs.

2.3. Methodology

In this study, we primarily utilized field surveys to verify the original wetland data for
two periods. The data were input into ArcGIS to calculate the corresponding wetland areas.
SPSS (version 26.0) was employed to compute the freshwater storage in wetlands, and the
market valuation method was applied to assess the freshwater supply value of existing
wetlands. The analysis focused on changes in wetland area, freshwater supply quantity,
and freshwater supply value. The PLUS model was applied to predict future changes in
wetland areas in Jilin Province. The equivalent method was used to forecast the future
freshwater resource supply value of the wetlands.

2.3.1. Markov Chain Model

Markov chains are widely utilized in the study of land use and land cover changes [32].
By using the Markov chain model, the transition probabilities of land use changes were
stochastically derived from two-period land use data. This simulated a matrix representing
the temporal evolution of land use, serving as the foundation for predicting subsequent
changes. The calculation formula is as follows:

Pij =


P11 P12
P21 P22

· · · P1n
· · · P2n

· · · · · ·
Pn1 Pn2

· · · · · ·
· · · Pnn

ˆ
n

∑
j=1

Pij = 1(i, j = 1, 2, · · · , n) (1)

St+1 = Pij × St (2)

where Pij represents the transition probability matrix for land use types; St and St+1 rep-
resent the land use at time periods t and t + 1, n, respectively; and n denotes the land
use type.

2.3.2. PLUS Model

The PLUS model is a land use change simulation model that integrates a land ex-
pansion strategy analysis module and a cellular automaton model based on multi-class
random patch seeds [33]. The rule mining method of the land expansion analysis strategy
(LEAS) module extracts partial information on land use change between two periods. The
random forest algorithm was applied to systematically mine factors associated with the
changes in and driving forces for each land use type. This process yielded the development
probabilities for various land use categories and aided in assessing the contribution of
driving factors of changes in each land use category during the specified time period.
The cellular automaton (CA) model based on a multi-type random seed mechanism was
employed. This model combined random seed generation and a threshold-decreasing
mechanism to dynamically simulate the self-generation of patches in space and time under
the constraints of development probabilities.

2.3.3. Model for Calculating Water Resource Supply Prices

The market value approach was applied to determine the unit accounting value of
freshwater supplies in Jilin Province’s wetland ecosystems. Due to the complexity of
groundwater resource replenishment processes, such processes were not considered in this
study. Public data published by authoritative agencies were used to obtain the prices of
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industrial, agricultural, domestic, and ecological water in Jilin Province (in CNY per cubic
meter). Due to the inability to predict the unit price of freshwater, the equivalent method
was employed using the water prices from the most recent years. This was calculated
as follows:

C =
n

∑
i=1

Ai × Hi (3)

L = e1L1 + e2L2 + e3L3 (4)

Vwater = C × L (5)

where C is the water supply volume (m3), Ai is the wetland area (m2), Hi is the average
water depth of the wetland (m), Vwater is the water supply value, L is the unit price (CNY), L1
stands for the comprehensive price of industrial and agricultural water use, L2 represents
the domestic water price, L3 signifies the ecological water price, e1 corresponds to the
proportion of industrial and agricultural water use, e2 denotes the proportion of domestic
water use, and e3 represents the proportion of ecological water use.

3. Results
3.1. Spatiotemporal Changes in the Wetland Area in Jilin Province

In Jilin Province, the spatial distribution of freshwater supply is primarily concentrated
in the northwestern region and mainly provided by lake, riverine, and marsh wetlands.
In contrast, the central region relies mainly on artificial wetlands, with pond wetlands
being the primary source of freshwater (Figure 2). Between 2013 and 2017, changes in
wetland area and spatial distribution were observed in Jilin Province. The total wetland
area decreased from 10,852.84 km2 in 2013 to 10,794.46 km2 in 2017, a decrease of 0.53%.
The area of different types of wetlands, i.e., that of lake, riverine, and artificial wetlands,
decreased as well. Among these, riverine wetlands experienced the most significant
reduction, decreasing from 2510.73 km2 in 2013 to 2473.27 km2 in 2017, a decrease of
37.46 km2, with the largest reduction occurring in permanent riverine wetlands (PR), the
area of which decreased by approximately 22.69 km2 (Figure 3).
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3.2. Simulation of Future Changes in Wetland Areas

Utilizing the Extract Land Expansion module embedded in the PLUS model, land-
use-type raster data for 2013 and 2017 were overlaid to obtain wetland change data for the
period between 2013 and 2017. Referring to existing studies and considering the current
status of the study area [34,35], four environmental factors, including DEM, slope, annual
precipitation, and annual average temperature, and four anthropogenic factors, including
GDP, population density, distance to railways, and distance to roads, were selected as
driving factors for changes in wetland areas (Figure 4). The LEAS module was employed
to identify driving forces, with default values set for the parametrization of the random
forest decision tree: a minimum split size of 20, a sampling rate of 0.01, and 17 features for
training the random forest. This resulted in suitability maps for four types of wetlands. The
suitability maps for each land use type and the 2017 land use images were input into the
CARS module of the model. Using the Markov chain prediction results for 2017, the model
simulated wetland area changes in Jilin Province for the year 2027, as illustrated in Figure 5.
The results indicate that the total wetland area in Jilin Province in 2027 will be 10,614.37 km2,
with river wetlands covering 2373.65 km2, lake wetlands covering 1098.04 km2, swamp
wetlands covering 5835.93 km2, and artificial wetlands covering 1334.74 km². Compared
to 2017, the overall wetland area in 2027 was projected to decrease by 180.09 km2. River
wetlands showed the largest decline, decreasing by 99.61 km2.
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3.3. Wetland Freshwater Supply Volume

In this study, we analyzed spatiotemporal changes in wetland freshwater supply in
Jilin Province. In 2013, the surface freshwater supply in Jilin Province was approximately
20.81 × 108 m3. However, by 2017, the surface freshwater supply in Jilin Province had
slightly decreased to approximately 20.09 × 108 m3. The predicted total freshwater supply
for the year 2027 was 19.74 × 108 m3, representing a decrease of 0.35 × 108 m3 compared
to 2017. Overall, the freshwater resource supply in Jilin Province’s wetlands exhibited a
continuous downward trend (Table 1). Among the wetland types, lake wetlands, river
wetlands, and artificial wetlands all showed varying degrees of decline in freshwater
resource supply. Lake wetlands, in particular, experienced the most significant reduction,
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with a decrease of 0.14 × 108 m3 in freshwater supply. Moreover, swamp wetlands exhibited
an initial increasing trend followed by a subsequent decrease over time.

Table 1. Changes in freshwater resource water usage.

Wetland Type (m3) 2013 2017 2027

River wetlands 6.04 × 108 5.71 × 108 5.61 × 108

Lake wetlands 8.06 × 108 7.42 × 108 7.28 × 108

Swamp wetlands 2.71 × 108 3.13 × 108 3.06 × 108

Artificial wetlands 4.00 × 108 3.83 × 108 3.79 × 108

Total 20.81 × 108 20.09 × 108 19.74 × 108

3.4. Analysis of Wetland Water Resource Supply Value

The freshwater resource supply values for Jilin Province in 2013, 2017, and those
projected for 2027 are depicted in Figure 6. In 2013, the total value of freshwater supplies
from wetlands in Jilin Province was approximately CNY 8.384 billion, while in 2017, it
reached CNY 8.642 billion. The projected value of freshwater resource supplies in 2027 was
CNY 9.101 billion. Thus, the freshwater resource supply value in Jilin Province exhibited
an upward trend over the years. Lake wetlands consistently had the largest water resource
supply value, accounting for 38.73, 36.90, and 33.74% of the total value in 2013, 2017, and
2027, respectively. However, over time, their value continuously declined. In contrast,
swamp wetlands exhibited the opposite trend, accounting for 13.01, 15.58, and 17.57%
in 2013, 2017, and 2027, respectively, indicating a continuous increase in the freshwater
resource supply value (Figure 6a). From a regional perspective, Songyuan City had the
highest wetland freshwater supply value among all regions, while Liaoyuan City had the
lowest value (Figure 6b). Our three-year comparison revealed variations in freshwater
supply values across different regions, in which different wetland types contributed to
varying degrees of freshwater supply values. However, the overall freshwater supply value
in Jilin Province increased and was projected to increase further.
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Figure 6. Freshwater supply value in Jilin Province. (a) Freshwater supply value of different types of
wetlands. (b) Freshwater supply value of wetlands in various regions.

In 2013, the freshwater supply per unit area in Jilin Province was CNY 44,100/km2.
By 2017, it had increased to CNY 45,428/km2. The projected value for 2027 was CNY
47,839/km2, indicating an overall upward trend in the freshwater supply value per unit
area. Songyuan City had the highest freshwater supply value per unit area. On the other
hand, Tonghua City had the lowest value per unit area. When comparing the data over
the three investigated years, the freshwater supply value per unit area for both Songyuan
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City and Baicheng City initially decreased and then increased, while that for other cities
consistently increased (Figure 7a–c).
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In 2013, the per capita freshwater supply in Jilin Province was CNY 305.3 per person.
By 2017, the value had increased to CNY 314.6 per person. The projected value for 2027
was CNY 331.4 per person, indicating a continuous upward trend in the per capita supply
value. Songyuan City had the highest per capita freshwater supply value, while Tonghua
City had the lowest. When comparing the data over the three investigated years, the per
capita supply value for the cities of Siping, Changchun, Songyuan, and Baicheng initially
decreased and then increased, while that of the other cities steadily increased (Figure 7d–f).
Overall, there were variations in both the freshwater supply value per unit area and that
per capita among different regions in Jilin Province.

4. Discussion
4.1. Comparison of Water Resource Supply Value

Wetlands provide freshwater by absorbing, storing, filtering, and releasing water. They
accumulate water from rainfall, snowmelt, and runoff from nearby rivers, while vegetation
and soil help purify groundwater. Research on the dynamic ecological service value
of wetlands helps uncover their significance in the ecological environment, supporting
wetland conservation and sustainable management [36]. To ensure data consistency, we
used the consumer price index (CPI) for different years, transforming the economic values
from various study periods into the freshwater resource supply values of 2017 [37]. For
the foreign components of this study, we converted the local currency value to RMB at the
exchange rate at the time of the study and then converted it to the 2017 value through the
CPI. The value of water resources per square meter in Jilin Province surpasses that of all
other regions (Table 2). Jilin Province possesses extremely abundant wetland resources,
including internationally renowned wetlands such as the Xianghai, Momoge, and Chagan
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Lake Wetlands. The richness of wetland resources is a key factor contributing to the high
value of freshwater resources [38]. However, due to different research methods, there
are variations among various studies in defining wetland ecosystem service functions,
identifying ecological values, and subdividing the internal components of ecosystems.
This may lead to certain errors in assessing freshwater supply values. Nevertheless, the
freshwater resource value of wetlands in Jilin Province remains relatively high.

Table 2. Freshwater resource values in various regions.

Region Area (km2)
Total Water Resource

Value (CNY)
Unit Water Resource

Value (CNY/km2) Reference

Jilin Province 18.74 × 104 86.42 × 108 46,104.59 This study
Anhui Province 13.9 × 104 2.98 × 108 2143.88 Niu et al. [39]

Beijing–Tianjin–Hebei Region 21.6 × 104 38.09 × 108 17,634.26 Li et al. [40]
Beijing City 1.64 × 104 1.19 × 108 284.91 Zhang et al. [41]

Hangzhou Bay Area 85.34 × 104 9.81 × 108 1150.57 Lin et al. [42]
Nanchang City 71.94 × 102 -- 91.15 Zhu et al. [43]

Wakiso, Uganda 27.40 × 102 -- 213.65 Kakuru et al. [44]
Sudd, South Sudan 57 × 103 69.17 × 105 803.94 Mulatu et al. [45]

Caripe Wetlands, Bolivian
Altiplano 4.85 27.41 × 103 5651.97 Gandarillas et al. [46]

4.2. Characteristics of Wetland Degradation and Analysis of Causes

The total wetland area of Jilin Province decreased from 10,852.84 km2 in 2013 to
10,794.46 km2 in 2017 and was projected to further decrease to 10,614.37 km2 by 2027.
This indicates a continuous decline in the wetland area of Jilin Province. Natural and
anthropogenic factors influence wetland degradation. Natural factors include temperature,
precipitation, and evaporation, whereas human factors include pollution, irrigation, land
reclamation, and other activities [47–49]. Water plays a crucial role in the structure of
wetland ecosystems, and water levels affect wetland areas [25]. Over the past four decades,
influenced by global warming, Jilin Province has experienced a continuous increase in the
annual average temperature and a decreasing trend in annual precipitation. Original water
resources in wetlands have been subject to increasing losses due to higher temperatures [50].
Zhang et al. [51] found that the annual runoff exhibited an overall decreasing trend in
the eastern Liao River Basin in Jilin Province. In particular, summer runoff decreased by
1.97 m3/s every decade. As a result, riverine wetlands have transformed into marshes
and saline–alkali lands owing to water shortages, leading to a continuous decline in
water storage and flood control. In recent years, the wetlands of Jilin Province have
been affected by urbanization, land development, water resource extraction, and climate
change, leading to varying degrees of wetland area reduction. This reduction is particularly
evident for lake wetlands. The expansion of urban areas, driven by population growth
and the increasing demand for residential and infrastructure spaces, has contributed to the
consumption of wetland resources, especially urban lakes and reservoirs. Concurrently,
the continuous exploitation of wetland water resources has reduced the volume and area
of wetlands [52–54]. Zheng et al. [55] found that in the nearly ten years following the
construction of the Nenjiang Dam in western Jilin Province, extensive reductions in riparian
wetland areas occurred downstream of the dam, and riverine wetland areas decreased
by 44%. These factors are likely the primary reason for the decline in wetland areas in
Jilin Province.

4.3. Analysis of Freshwater Supply in Wetlands

In 2013, the surface freshwater resource supply in Jilin Province was approximately
20.81 × 108 m3. By 2017, it had decreased to 20.09 × 108 m3, and the projected value
for 2027 indicated a further decrease to 19.74 × 108 m3. With the exception of marsh
wetlands, the freshwater supply of the other three wetland types (rivers, lakes, and artificial
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wetlands) exhibited a declining trend, with that of lake wetlands being the most significant.
Wetlands directly supply freshwater services through rivers, lakes, marshes, and artificial
wetlands, or by absorbing and storing rainfall in vegetation, soil, and sediment, which
maintains a stable and continuous output of freshwater resources. Changes in wetland
areas can significantly impact freshwater resource supplies in nearby areas [56,57]. Water
input and output, represented by precipitation and evapotranspiration, are the two core
factors that determine water resource supplies in ecosystems [58,59]. According to the Jilin
Province Water Resources Bulletin, the average precipitation for the entire province was
791.9 mm in 2013 but only 595.9 mm in 2017. During low-flow years, water scarcity can
lead to adjustments to existing water replenishment plans and a reduction in the value of
ecosystem services [23]. Therefore, the decline we found in freshwater supplies may be
related to changes in wetland areas and reduced precipitation.

4.4. Analysis of Changes and Factors Affecting Wetland Water Resource Supply Values

Wetlands play a crucial role in sustaining life and health. They support agriculture,
industry, energy production, and the ecological balance; promote tourism; and aid in flood
control. Wetlands directly affect socioeconomic development and the normal functioning of
ecosystems. Therefore, investigating the dynamic changes in the freshwater supply value
of wetlands is of the utmost importance [60,61]. Our assessment of Jilin Province’s wetland
freshwater supply values indicated that these values were CNY 8.384 and 8.642 billion in
2013 and 2017, respectively. The projected value for 2027 was CNY 9.101 billion, which
indicated an overall increasing trend. These results also signify the growing contribution of
wetland freshwater supply values to and their indispensable role in regional development.
The increasing trend in freshwater supply values is closely related to the per capita dispos-
able income of urban residents and the CPI, with rising water prices being the key factor
influencing freshwater supply values [62–64]. In recent years, influenced by improvements
in living standards, both the per capita disposable income and the CPI have continuously
risen in Jilin Province. In 2017, the CPI was 1.071 times higher than that in 2013. Water
prices have also increased to some extent in different regions of Jilin Province. Therefore,
while wetland areas decreased, changes in the CPI and water price adjustments were the
main reasons for the overall increase in the freshwater supply values.

4.5. Recommendations for Enhancing the Value of Wetland Resources in Jilin Province

This study indicates that while the overall value of freshwater resources in Jilin
Province is continually increasing, the areas and supply of freshwater resources from dif-
ferent types of wetlands are consistently decreasing. In light of this, to further safeguard
the wetlands in Jilin Province and enhance freshwater resource values, the following rec-
ommendations are put forth: (1) From an overall perspective, it is essential to strengthen
the protection of Jilin Province’s wetlands, reduce the loss rate of wetlands, and take neces-
sary measures to maintain the balance of the wetland ecosystem, ensuring its sustainable
development. (2) It is also important to enhance wetland monitoring and assessment
by establishing a robust wetland monitoring system to regularly assess various types of
wetlands. Through monitoring and assessment, the timely identification of changes and
issues in the freshwater resources of wetlands provides a basis for informed decision mak-
ing, ensuring the sustainable utilization of wetland resources. (3) The establishment of
interdepartmental cooperation mechanisms is also vital. Interdepartmental cooperation
mechanisms should be created to foster a collaborative approach, strengthening coordina-
tion among environmental protection, water resource management, land planning, and
other relevant departments to collectively promote the protection and enhancement of
wetland freshwater resources. Only by strengthening these recommendations can the
sustainable utilization of wetland freshwater resources be maintained and the value of
wetland freshwater resources continuously rise.
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4.6. Limitations

This study had some limitations. For instance, in determining the value of freshwater
resource supplies, we did not fully consider factors such as the water vapor transpiration
induced by wetland plants, the exchange between groundwater and surface water, and the
impact of precipitation on wetland freshwater resources. Moreover, the uncertainty associ-
ated with trends in economic development may result in significant disparities between
predicted and actual changes in freshwater supply values. Considering the complexity
and uncertainty of wetland ecosystem service value assessments, there is an urgent need
for long-term wetland observational data and advancements in assessment technologies.
Therefore, we will conduct specific and in-depth research, integrating existing monitoring
data and initiating new monitoring programs to track changes in wetland conditions over
time. This is to address the lack of monitoring data and minimize uncertainties in the
assessment of freshwater resource values. Despite these limitations, our study provides a
reference for various wetland water resource conservation policies in Jilin Province and
other regions.

5. Conclusions

This study accounts for the dynamic changes in the wetland water supply and value
in Jilin Province in 2013 and 2017 and can help to optimally allocate water resources, adjust
socio-economic structures, and improve wetland protection awareness in Jilin Province. The
results indicate the following points: (1) the area of wetlands decreased from 10,852.84 km2

in 2013 to 10,794.46 km2 in 2017, and the area for 2027 was projected to further decrease
to 10,614.37 km2, with river wetlands experiencing the most substantial decline; (2) the
freshwater volume in wetlands in 2013 and 2017 was 20.81 × 108 and 20.09 × 108 m3,
respectively, representing a decrease of 3.58%. The volume for 2027 was projected to
further decrease to 19.74 × 108 m3, with lake wetlands contributing the most and marsh
wetlands contributing the least to water resources; and (3) the total freshwater supply value
continuously increased from CNY 8.384 billion in 2013 to CNY 8.642 billion in 2017. This
value was projected to further increase to CNY 9.101 billion in 2027. There was regional
variation in the value of wetland freshwater supplies, with differences in the per unit
area and per capita values among administrative units. We further found that due to the
continuous increase in water prices, the value of water resource supplies has increased and
will likely continue to increase. Based on our results, wetland conservation efforts in Jilin
Province face significant long-term challenges.

Supplementary Materials: The following supporting information can be downloaded at https://www.
mdpi.com/article/10.3390/w16020203/s1. Table S1. Selection for calculating the supply value of
freshwater resources in Jilin Province wetlands.
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