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Abstract: Wetlands provide ecosystem services for regional development, and, thus, have considerable
economic value. In this study, a combination of evaluation methods was carried out to evaluate the
wetland ecosystem services provided by national nature reserves in 11 coastal provinces/municipalities
in China. We constructed a literature database containing 808 observations (over 170 papers) on
field-scale research for wetlands in China’s coastal zones. Using this literature database, as well
as land use (LU) data, net primary productivity (NPP), and statistical data, and digital elevation
model (DEM) data, we established a valuation framework and database for nine important ecosystem
services of the 13 wetland types in the study area. After the large-scale academic literature review,
the ordinary kriging offered by Geostatistical Analyst tools was used to interpolate the physical
dimensions of the unmeasured locations. The results showed that: (1) the wetland ecosystem services
in 35 national nature reserves have a total value of 33.168 billion USD/year; (2) the values of wetland
ecosystem services revealed considerable spatial variability along China’s coastal zones; and (3)
assessments provide additional insights into the trade-offs between different ecosystem services and
wetland types. The valuation framework and database established in this study can contribute to the
mapping of wetland ecosystem services in coastal zones.
Keywords: wetland ecosystem services; coastal national nature reserves; land use; spatial
distribution; valuation
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1. Introduction
Historically, wetlands have been considered as wasteland that should be drained for economic
development [1]. Today, wetlands are widely recognized to provide important and valuable ecological
services for human well-being [2–4]. Natural wetlands are often more valuable than converted ones [5].
Wetlands in China, especially in the coastal zones, support abundant biodiversity and provide the
foundation for regional development in different means, including by producing fishery products,
absorbing pollutants, allowing for carbon storage, serving as ecological barriers against extreme
weather events, enabling tourism and recreation, providing spawning and nursery sites for fish species,
and providing refuel sites for millions of migrating birds [6]. However, these ecosystems have been
reclaimed at an alarming rate over the last decades [7]. China’s coastal wetlands have declined by up
to 58% from 1950–2014 [8]. The Yellow Sea tidal flats in China have lost 70% of their area between
the 1950s and the 2000s, and their status has become endangered [7,9]. Mangroves have declined
by 69% from 1950–1997; large-scale mangrove restoration projects from 1997 to 2013 have restored
the area of mangroves to its 1980 level, but this only represents 68% of its level during the 1950s [8].
Wetlands are endangered by numerous factors, such as continuing population growth and economic
expansion in coastal areas, unreasonable utilization, increased aquaculture and expanding residential
regions, the underappreciated value of wetlands, and inappropriate definitions of wetlands in laws
and regulations [6,8,10]. Among these factors, the misunderstanding of the value of wetlands in public
decision is the essential issue. In the past, the pursuit of short-term economic benefits has led to coastal
wetlands being converted to artificial lands, such as salt pan and mariculture [7]. More recently, the lack
of trade-offs in the value of wetlands has misled the direction of wetland restoration, with much of the
coastal land being restored to less-than-ideal types. A comprehensive and rapid wetland evaluation
method is urgently needed in wetland conservation and restoration, especially on larger scales.
Despite a broad recognition of its importance [11,12], the valuation of wetland services has gaps.
A literature review of 101 studies on the valuation of mangroves, sea grasses, and salt marshes from
2007 to 2016 shows that the benefit transfer regularly lacked the consideration of relevance between
the original study and the case study of interest [13]. Among the 175 publications of research on
ecosystem services in China from 2000 to 2016, limited studies focus on wetlands (3%), rivers (3%),
lakes (2%), coastal ecosystems (1%), aquaculture (1%), and mangroves (1%) [14–26]. In addition,
obtaining sufficient information on the extent of all wetland types is, at times, a challenge during the
assessment [5]. In this context, combining satellite remote sensing data with the literature data of field
surveys, and using upscaling to estimate ecosystem features, can reduce the valuation uncertainty and
demonstrate the spatial distribution of wetland ecosystem services.
National nature reserves along China’s coastal zones preserve relatively complete wetland types.
Included in the 35 national nature reserves are 12 internationally and 23 nationally important wetlands,
which are therefore selected as the study area and basis for a valuation framework and database
for nine ecosystem services of 13 wetland types. In China’s coastal zones, most studies of wetland
ecosystem features are reported in Chinese and inaccessible to the global research community, and,
thus, we constructed a literature database containing 808 observations (over 170 papers) in English or
Chinese. On the basis of Remote Sensing and Geographic Information System technology, we used
high-resolution Landsat TM image data of the study areas, net primary productivity (NPP) data,
Digital Elevation Model (DEM) data, literature data, and statistical data. The ecosystem services
values (ESV) were assessed by drawing a connection between the observed land use dynamics and
the physical dimensions of the ecosystem services. The latter were obtained from upscaling the
results of the reviewed field-scale research in the literature database, using Geostatistical Analyst tools.
The valuation framework and database in this study provides scientific support for resource managers
and policy-makers in wetland conservation and restoration.
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2. Materials and Methods
2.1. Study Area
This study evaluated wetland ecosystem services in 35 national nature reserves in 11 coastal
provinces/municipalities in China (Table 1, Figure 1) (Taiwan, Hong Kong, and Macao are not included
due to data limitations). These national nature reserves are managed by different departments,
including the environmental protection sector, marine sector, forestry sector, and agriculture sector,
among others. The types of wetlands include rivers, lakes, reservoirs and ponds, bottomland, tidal flats,
estuarine waters, estuarine delta, coastal lagoons, mangroves, shallow water, coral reefs, salt pan,
and mariculture. Included in these 35 national nature reserves are 12 internationally and 23 nationally
important wetlands.
Table 1. Names and distributed regions of the study areas.
11 Coastal Provinces/Municipalities

National Nature Reserves in the Regions

Liaoning

Liaoning Liaohe River Estuary (1); Dandong Yalvjiangkou Coastal
Wetland (2); Dalian Spotted Seal (4); Chengshantou Coastal Landform
(5); Shedao Laotieshan (6)

Tianjin

Paleo-coast and Wetland (8)

Hebei

Changli Golden Coast (3)

Shandong

Yellow River Delta (9); Changdao Island (10); Rongcheng Whooper
Swan (11); Binzhou Beikedi Island and Wetland (7)

Jiangsu

Yancheng Wetland, Rare Birds (12); Dafeng Milu (13)

Shanghai

Chongming Dongtan Birds (14); Jiuduansha (15)

Zhejiang

Jiushan Islands (16); Nanji Islands (17)

Fujian

Minjiang River Estuary Wetland (18); Xiamen Rare Marine Species (19);
Shenhu Bay Seafloor Paleo-forest Relics (20); Zhangjiang River Estuary
Mangrove (21)

Guangdong

Nanpeng Islands (22); Huidong Sea Turtle (23); Neilingding Futian (24);
Zhujiang River Estuary Indo-Pacific Humpback Dolphin (25); Xuwen
Coral Reef (29); Zhanjiang Mangrove (30); Leizhou Rare Marine
Biology (31)

Guangxi

Shankou Mangrove Ecology (26); Beilun River Estuary Mangrove (27);
Hepu Dugong (28)

Hainan

Tongguling (32); Hainan Dongzhaigang (33); Dazhou Island (34); Sanya
Coral Reef (35)
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Figure 1. Distribution of the 35 national nature reserves (Numbers correspond to Table 1).

2.2. Data Description
Table 2 reports the data sources of the valuation for each ecosystem service. The data used for the
ESV calculation were mainly derived from land use (LU) data, NPP data, DEM data, the database of
published literature, statistical yearbooks, and complementary special yearbooks.
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Table 2. Data sources for the valuation for each ecosystem service.
Classification

Ecosystem Services

Food production

Physical Dimension Estimate Index

Data Sources and Literature Base

Output of aquatic products

Aquatic data (output value, output, area) in statistical
yearbooks of coastal provinces, counties, and cities where
the reserve is located
Aquatic data in China fisheries statistics yearbook
Aquatic data in published literature
Boundaries data of the national nature reserves, data
source: resource and environment data cloud platform,
data center for resources and environmental sciences
Chinese Academy of Sciences, Institute of Geographic
Sciences and Natural Resources Research, Chinese
Academy of Sciences, http://www.resdc.cn
LU data, data source: China Coastal Land Use Data
Set [27–29]

Provisioning

Raw materials

Annual biomass of wetland plant
Output of crude salt

Price of crude salt data in the government website
Price of plant raw materials data in the published literature
Output of crude salt per unit area data in the published
literature
MODIS MOD17 annual/30-arcsec NPP in 2015, data sources:
Numerical Terra dynamic Simulation Group (NTSG),
University of Montana,
http://files.ntsg.umt.edu/data/NTSG_Products/MOD17/
GeoTIFF/MOD17A3/GeoTIFF_30arcsec/
Boundaries data of the national nature reserves
LU data;
LU data of reserve in published literature
Area data of mangrove, data sources: Mangrove_TNC2014
(TNC, The Nature Conservancy);
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Table 2. Cont.
Classification

Ecosystem Services

Disaster resilience

Physical Dimension Estimate Index

Data Sources and Literature Base

Value of disaster resilience per unit area

Data obtained from 19 observations (nine papers) (value of
disaster resilience per unit area, width and wave
attenuation of typical wetland vegetation species)
Boundaries data of the national nature reserves
LU data
Area data of mangrove

Removal rates of N
Removal rates of P

Data obtained from 176 observations (35 papers) (removal
rates of N and P of typical wetland vegetation species)
Price for N and P removal data in the published literature
Boundaries data of the national nature reserves
LU data
Area data of mangrove

Reservoir capacity

DEM data in study area, data sources: ASTER GDEM
(Global Digital Elevation Model) produced as a joint
activity of the Ministry of Economy, Trade, and Industry
(METI) of Japan and the United States National Aeronautics
and Space Administration (NASA)
Construction cost of reservoirs per unit data in the
published literature
Boundaries data of the national nature reserves
LU data
Area data of mangrove

Carbon pool per unit area in the
aboveground, belowground, litter, and
soil (0–100cm)

Data obtained from 529 observations (110 papers) (carbon
density in the aboveground, belowground, litter, and soil of
different wetland types)
Boundaries data of the national nature reserve
LU data
Area data of mangrove;
Market value for a sequestered ton of carbon, data sources:
http://www.tanpaifang.com/

Regulating

Water quality improvement

Water balance

Carbon storage

Supporting
Cultural

Price per unit

Habitat

Value of habitat per unit area

Tourism and recreation

Value of tourism and recreation per
unit area

Sense of place

Value of sense of place per unit area

Data obtained from 46 observations (28 papers) (value of
habitat, sense of place, tourism and recreation per unit area)
Data on boundaries of the national nature reserves
LU data
Area data of mangrove

Data obtained from 38 observations (13 papers) (price of crude salt, plant raw materials, N removal, P removal per unit; construction cost of
reservoirs per unit; and market value for a sequestered ton of carbon)
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2.2.1. LU Data
LU data from 2015 were used to estimate the size of the wetlands. The China Coastal Land
Use Data Set established China’s coastal LU data products by interpretation on the basis of Landsat
Thematic Mapper/Enhanced Thematic Mapper Plus (TM/ETM+) and Landsat Operational Land Imager
(OLI) images; the LU types were divided into eight level-1 types and 24 level-2 types [27–29]. In 2015,
the overall accuracy of the China Coastal Land Use Data Set reached 93.98%, with the Kappa coefficients
of 0.9229 [29]. In the present study, level-2 LU types were used to identify the area of 12 wetland
types in the 35 national nature reserves, including rivers, lakes, reservoirs and ponds, bottomland,
tidal flats, estuarine waters, estuarine delta, coastal lagoons, shallow water, coral reefs, salt pan,
and mariculture [28].
The LU area data of the national nature reserves in the published literature were used as
complementary material. Mangrove_TNC2014—the spatial distribution vector data of mangrove
derived from The Nature Conservancy (TNC)—was used to identify mangrove areas.
In ArcGIS 10.2, the boundaries data of the 35 national nature reserves were used to clip LU, NPP,
DEM data to obtain spatial data for each reserve.
2.2.2. NPP Data
NPP is the difference between Gross Primary Productivity and autotrophic respiration. It is the
net production of plant biomass in a given time. In this study, NPP data were used to estimate the
annual biomass of wetland plants in order to evaluate raw materials. The NPP data used were the
products of MODIS NTSG MOD17 v55 annual/30-arcsec NPP in 2015 (Table 2) [30,31]. After boundary
clipping, the NPP per unit area in each reserve was calculated. On the basis of the area of the wetlands
and NPP per unit area data, the annual biomass of wetland plant raw materials in each reserve was
consequently obtained.
2.2.3. DEM Data
DEM data were used to calculate wetland reservoir capacity in the study area. The DEM data
used were the products of ASTER Global Digital Elevation Model (GDEM), which were posted on a 1
arc second (approximately 30 m at the equator) grid (Table 2). In this study, the data were reprocessed
and DEM data of the study area with a resolution of 100 m were obtained. The volume of the area
below the horizon line was calculated by DEM. The volume of the wetland area above the horizon
was calculated by the wetland volume algorithm (wetland area *0.81 m). Consequently, the wetland
reservoir capacity was obtained.
2.2.4. Literature Database
The data used for the assessment of the ecosystem services were obtained from upscaling the
results of the reviewed field-scale research in China’s coastal zones. Data were collected from published
literature available at the China National Knowledge Infrastructure (CNKI; http://www.cnki.net/) and
ScienceDirect (https://www.sciencedirect.com/) until the end of 2018. The literature was published in
Chinese or English. The data collected included: (1) the output of crude salt per unit area, the width
and wave attenuation of typical wetland vegetation species, the removal rates of N and P of typical
wetland vegetation species, the carbon density (in the aboveground and belowground, litter, and soil)
of different wetland types, and the LU data for the reserve (used as complementary); (2) the value
of disaster resilience, habitat, sense of place, and tourism and recreation per unit area; and (3) the
construction cost of reservoirs per unit, the price of crude salt per unit, the price of plant raw materials
per unit, and the price of N and P removal per unit. After three screening steps, we constructed
a literature database containing over 170 papers (808 observations) for wetlands in China’s coastal
zones. In addition to the data mentioned above, we also collected any available information on province
or city, study area, year of research, longitude, latitude, wetland types, annual precipitation, annual
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mean temperature, vegetation types, and methods for each observation. The sites of the database span
a latitudinal range from 19.3 N in the Hainan province to 47 N in the Northeastern Plain. The data
found were from different types of wetlands. Several observations came from the same wetland area,
allowing for the analysis of the spatial scale variability. For a bibliography of the studies collected in
the literature database, see Supplementary Materials (Table S1).
2.3. Evaluation Methods
The ecosystem services can be classified into four categories: (1) provisioning, (2) regulating,
(3) cultural, and (4) supporting services [5]. Following this classification framework, the 13 wetland
types were evaluated using nine important ecosystem services, namely food production, raw materials,
disaster resilience, water quality improvement, water balance, carbon storage, tourism and recreation,
sense of place, and habitat.
Among the nine ecosystem services, five (food production, raw materials, water quality
improvement, water balance, and carbon storage) were estimated in two steps. The first step
was to calculate the physical dimension of each ecosystem service. The physical dimensions of food
production were the result of upscaling using the statistical data (i.e., the aquatic output, output value,
area) of coastal provinces, counties, and cities where the reserve is located. The physical dimension
of crude salt in raw materials—output of crude salt per unit area—was obtained from the literature.
The physical dimensions of plant raw materials were calculated on the basis of NPP and LU data.
The physical dimensions of the water balance were calculated on the basis of DEM and LU data.
The physical dimensions of the water quality improvement and carbon storage were obtained from
the literature. These included N and P removal rates, vegetation carbon density (aboveground and
belowground), litter, and soil (0–100 cm) carbon density. The ordinary kriging of the Geostatistical
Analyst tools in ArcGIS 10.2 was used to interpolate these physical dimensions for the unmeasured
locations using the data from the measured locations in the literature database. The second step was to
calculate the value of each ecosystem service based on the physical dimension by evaluation method.
The market price method was used to estimate the value of food production, raw materials, and
carbon storage. The avoided cost method was used to assess the water quality improvement value.
The shadow project method was used to assess the value of water balance.
The values of the other four ecosystem services (disaster resilience, tourism and recreation, sense of
place, and habitat) with limited valuation data were estimated using a benefit transfer technique [32].
On the basis of the literature database, the average of the value estimates from similar or the same
locations was applied to the target area. In this study, all value estimates were standardized to USD/ha/y
at 2015 price levels. Table 3 reveals detailed information on the evaluation methods used.
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Table 3. The evaluation methods used.
Classification

Provisioning

Regulating

Ecosystem Services

Food production

Physical Dimension
Estimate Index

Output of aquatic
products

Raw materials

Annual biomass of
wetland plant
Output of crude salt

Disaster resilience

Value of disaster
resilience per unit
area

Water quality
improvement

Removal rates of N
Removal rates of P

Calculation
Formulas

Vf =

P

j Sj

× Yjf × Qjf

VP
m = Vv + Vy
Vv = j Sj × NPP × 2.2
× Qvv /102
P
Vy = j Sj × Yjy × Qyv

Vw =

P

j Sj

× Qjw

P
Vq =P j Sj × Nj × Qnv
+ j Sj × Pj × Qpv

Parameter

Evaluation Method

Vf : Value of food production
Sj : Area of wetland type j (hm2 )
Yjf : Output of aquatic products per unit area of
wetland type j (t/hm2 )
Qjf : Price of aquatic products of wetland type j
(USD/t)

Market price

Vm : Value of raw materials
Vv : Value of plant raw materials
Vy : Value of crude salt
Sj : Area of wetland type j (hm2 )
NPP: Net primary productivity (gC/(m2 *a)),
1gC = 2.2g organic material
Qvv : Price of plant raw materials (USD/t)
Yjy : Output of crude salt per unit area of wetland
type j (t/hm2 )
Qyv : Price of crude salt (USD/t)

Market price

Vw : Value of disaster resilience
Sj : Area of wetland type j (hm2 )
Qjw : Value of disaster resilience per unit area of
wetland type j (USD/hm2 )

Benefit transfer

Vq : Value of water quality improvement
Sj : Area of wetland type j (hm2 )
Nj : Removal rates of N of wetland type j in
targeted national nature reserve (kg/hm2 )
Pj : Removal rates of P of wetland type j in
targeted national nature reserve (kg/hm2 )
Qnv : Shadow price for N removal (USD/kgN)
Qpv : Shadow price for P removal (USD/kgP)

Avoided cost

Price Per Unit (Based on the
Literature Review)

Qvv (reed) = 94.08 USD/t
Qvv (mangrove) = 364.18 USD/t
Qyv = 21.19 USD/t

Qnv = 5.92 USD/kgN
Qpv = 124.62 USD/kgP
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Table 3. Cont.
Classification

Ecosystem Services

Physical Dimension
Estimate Index

Calculation
Formulas

Parameter

Evaluation Method

Price Per Unit (Based on the
Literature Review)

Water balance

Reservoir capacity

Vi = Yi × Qiv

Vi : Value of water balance
Yi : Reservoir capacity (m3 )
Qiv : Construction cost of reservoirs per unit in
2015 (USD/m3 )

Shadow project

Qiv = 1.25 USD/m3

P
Vc = j Sj × (Djav +
Djbv + Djg + Djs ) ×
Qcv

Vc : Value of carbon storage
Sj : Area of wetland type j (hm2 )
Djav , Djbv , Djg , Djs : carbon density per unit area in
aboveground, belowground, litter, and soil
(0–100cm) pools of wetland type j in targeted
national nature reserve respectively (t/hm2 )
Qcv : market value for a sequestered ton of carbon
in 2015 (USD/tC)

Market price

Qcv = 23.55 USD/tC

Carbon storage

Carbon pool per unit
area in aboveground,
belowground, litter,
and soil (0–100cm)

Supporting

Habitat

Value of habitat per
unit area

Vh =

P

j Sj

× Qjh

Vh : Value of habitat
Sj : Area of wetland type j (hm2 )
Qjh : Value of habitat per unit area of wetland type
j (USD/hm2 )

Benefit transfer

Cultural

Tourism and
recreation

Value of tourism and
recreation per unit
area

Vt =

P

j Sj × Qjt

Vt : Value of tourism and recreation
Sj : Area of wetland type j (hm2 )
Qjt : Value of tourism and recreation per unit area
of wetland type j (USD/hm2 )

Benefit transfer

Sense of place

Value of sense of
place per unit area

Vs =

P

j Sj × Qjs

Vs : Value of sense of place
Sj : Area of wetland type j (hm2 )
Qjs : Value of sense of place per unit area of
wetland type j (USD/hm2 )

Benefit transfer
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3. Results
3.1. Spatial Variability of ESV
In this study, we evaluated nine important wetland ecosystem services that were universal across
coastal zones. These ecosystem services were classified into four categories: (1) provisioning: food
production, raw materials; (2) regulating: disaster resilience, water quality improvement, water balance,
carbon storage; (3) cultural: tourism and recreation, sense of place; and (4) supporting services: habitat.
Figure 2 shows the values of the wetland ecosystem services in 35 national nature reserves.
The Jiangsu Yancheng Rare Birds National Nature Reserve (No. 12) had the highest ESV (8,422.47
USD×106 ) due to its valuable services of food production and habitat (Figure 3). The Shandong Yellow
River Delta (No. 9), Liaoning Liaohe River Estuary (No. 1), and Liaoning Dalian Spotted Seal (No. 4)
National Nature Reserves followed, mainly due to the contributions of habitat and disaster resilience;
except for the latter, which had high value of tourism and recreation in addition to habitat service.
Among the 35 national nature reserves, 27 comprised the sum of regulating, cultural and supporting
services that accounted for over 80% of the total ESV.

Figure 2. The values of the wetland ecosystem services of 35 national nature reserves, and the radar
chart of ecosystem services values for the four regions (Blue line: the Bohai Bay region; red line: the
Jiangsu–Shanghai region; green line: the Zhejiang–Fujian region; orange line: the Guangdong–Hainan
region. The numbers of national nature reserves correspond to Table 1).
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Figure 3. Value composition (percentage) for the wetland ecosystem services of each national nature
reserve (numbers correspond to those in Table 1).

To analyze spatial differences, we divided the study area into four regions, which follow: (1) the
Bohai Bay region: National Nature Reserve numbers 1–11; (2) the Jiangsu–Shanghai region: National
Nature Reserve numbers 12–15; (3) the Zhejiang–Fujian region: National Nature Reserve numbers
16–21; and (4) the Guangdong–Hainan region: National Nature Reserve numbers 22–35. Based on
the ESV per hectare, a radar chart was drawn (Figure 2). Overall, the wetland ecosystem services
among the four regions showed considerable spatial variability. The Jiangsu–Shanghai region showed
the highest mean ESV per hectare (35,305.82 USD/ha/y) due to the contributions of food production,
habitat, and tourism and recreation. The Guangdong–Hainan region (26,484.17 USD/ha/y) followed
due to its valuable services of habitat and disaster resilience. The Bohai Bay region (20,562.48 USD/ha/y)
was third, and the Zhejiang–Fujian region had the lowest mean ESV per hectare.
3.2. The ESV of the Seven Reserves Categories and 13 Wetland Types
According to the protection object or ecosystem type, the 35 national nature reserves can be
divided into seven categories: (1) Island: numbers 6, 10, 16, 17, 22, 34; (2) Coral Reef: numbers 29, 32,
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35; (3) Special Geological Landform: numbers 3, 5, 20; (4) Rare Animals: numbers 4, 11, 13, 19, 23, 25,
28, 31; (5) River Estuary: numbers 1, 2, 9, 14, 15, 18, 21, 27; (6) Mangrove: numbers 24, 26, 30, 33; and
(7) Wetland: numbers 7, 8, 12. Figure 3 shows the value proportions of the wetland ecosystem services
of each national nature reserve. Island showed a high proportion of habitat service value (50.53%),
followed by tourism and recreation service value (18.98%); Coral Reef showed a high proportion of
disaster resilience service value (46.00%), followed by habitat service value (22.07%); Special Geological
Landform showed high value proportions of tourism and recreation (19.59%) and of habitat (39.67%)
services; Rare Animals showed a high proportion of habitat service value (49.04%), followed by tourism
and recreation service value (19.04%); River Estuary showed high value proportions of habitat service
(26.78%) and of disaster resilience service (19.37%), especially in the Bohai Bay and Jiangsu–Shanghai
regions; Mangrove showed high value proportions of tourism and recreation (22.22%), habitat (17.54%),
and raw materials (13.41%) services; Wetland showed a high value proportion of food production
service (32.72%). The values of the wetland ecosystem services of Island, Special Geological Landform,
Coral Reef, and Rare Animals were mainly composed of five service types (98.62%), as follows: habitat,
tourism and recreation, carbon storage, sense of place, and disaster resilience; the other four types of
service accounted for a relatively small proportion (1.38%).
On the basis of the assessment results of the wetland ecosystem services in 35 national nature
reserves, we compared the ESV per hectare of 13 wetland types (Figure 4). Bottomland had the highest
ESV per hectare (144,842.33 USD/ha/y), followed by mangroves, coral reefs, rivers, estuarine delta,
lakes, coastal lagoons, and tidal flats. The salt pan showed the lowest ESV per hectare (5,216.29
USD/ha/y). The value of food production of mariculture was greater than that of natural coastal
wetlands, while those of other eight ecosystem services were 55%–100% lower in mariculture than that
in natural coastal wetlands.

Figure 4. ESV per hectare of 13 wetland types in 35 national nature reserves.

3.3. The Total ESV of 35 National Nature Reserves
The wetland ecosystem services in the 35 national nature reserves had a total value of 331.68 USDy−1
×
(Table 4). Habitat was the most valuable ecosystem service (100.77 USDy−1 × 108 ), followed by
tourism and recreation and then disaster resilience services (55.15 and 48.67 USDy−1 × 108 , respectively).
Water quality improvement was the least valuable ecosystem service (10.04 USDy−1 × 108 ). The ESV of
the four categories showed considerable variability. The supporting service provided the highest ESV
108
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(100.77 USDy−1 × 108 ) due to the valuable habitat service. The regulating service also provided high
ESV (99.85 USDy−1 × 108 ) due to the contributions of disaster resilience and carbon storage services.
The provisioning service contributed a low proportion (16.67%) of the total value.
Table 4. Value composition for the wetland ecosystem services of the 35 national nature reserves.
Classification
Provisioning

Regulating

Cultural
Supporting
Total value

Ecosystem
Services

Value (USDy−1 × 108 )

Proportion of
Total Value

Total by Classification
(USDy−1 × 108 )

Proportion of
Total Value

39.62

11.95%

55.30

16.67%

15.68

4.73%

48.67

14.68%

99.85

30.10%

10.04

3.03%

-

-

14.59
26.55

4.40%
8.00%

-

-

55.15

16.63%

75.77

22.84%

20.62
100.77
331.68

6.22%
30.38%
-

100.77
-

30.38%
-

Food
production
Raw materials
Disaster
resilience
Water quality
improvement
Water balance
Carbon storage
Tourism and
recreation
Sense of place
Habitat
-

4. Discussion
4.1. The Merits and Demerits of This Valuation Framework and Database
On the basis of LU, NPP, DEM, literature, and statistical data, we established a valuation framework
and database for nine ecosystem services of 13 wetland types in China’s coastal zones. Considering the
regional characteristics of the study area and the data accessibility, we made full use of the available
resources, including spatial, statistical, and literature data based on local field survey of Chinese or
English papers. This study provides an overall picture of the available data resources for estimating
wetland ESV in China’s coastal zones.
This study shows that data from satellite (LU, NPP, and DEM), statistical yearbooks, and literature
are useful and inexpensive in estimating the ESV of different wetland types in the coastal zone region.
Compared with the long-term and large-scale field survey methods, these data enable a more reliable
and rapid evaluation method of large areas [16,23], especially for wetlands in coastal zones on a national
scale. On the one hand, the application of literature data based on local field survey can reduce the
evaluation uncertainty. On the other hand, the application of satellite data can demonstrate the spatial
distribution of the wetland ecosystem services.
The findings could empower environmental impact assessments knowledge at the international
level. This study provides a picture of the ESV of 13 wetland types, which spans a latitudinal range
from 19.3 N to 47 N in the Northern Hemisphere; it can contribute to wetlands valuation in coastal
zones, especially for countries in the same latitude zone. The constructed valuation framework is an
economically and temporally feasible method, and is practically applicable to other coastal countries,
which could empower international wetland research collaboration in the future.
To a limited extent, this study valuated nine ecosystem services of 13 wetland types. This was
due to the lack of suitable data and defensible methods. In future research, assessment of the nonlinear
relationship between wetland size and ESV in the coastal zone region is necessary [33].
4.2. Insight in Wetlands Trade-Offs
This study provides additional insights into the trade-offs between different ecosystem services
and wetland types [34,35].
In the past 30 years, large areas of natural wetlands in China’s coastal zones have been converted
to salt pan and mariculture [7,36]. This conversion now presents serious problems, such as the loss of
natural wetlands, coastal ecosystem degradation, and biodiversity decline [36]. The unit area value
of salt pan obtained in this study was 5,216 USD/ha/y, and that of mariculture was 32,404 USD/ha/y.
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However, compared with natural wetlands, both types had lower regulating, cultural, and supporting
services values per unit area, which also shows the importance of natural wetland protection from the
ESV perspective.
In the past years, several wetland ecological projects have restored large areas to rivers and lakes in
China’s coastal zones. Although rivers and lakes have a higher value of tourism and recreation services
(27,876 USD/ha/y), their habitat service values (3,776 USD/ha/y and 3,402 USD/ha/y, respectively) are
lower than that of other types of wetlands such as tidal flats, estuarine delta, and bottomland (26,742,
6,897, and 10,185 USD/ha/y, respectively). The important geographical position of China’s coastal zone
in biodiversity protection necessitates emphasis on the restoration of habitat services in the design stage
of wetland ecological restoration projects and the prioritization of wetland types with high habitat
service values. Currently, to restore the mangrove forests in several “blue sea and silver beach” projects
along the coastal zones of China, mangroves are planted on the tidal flats. Although mangroves
have higher raw materials and disaster resilience service values than tidal flats, their habitat value
is lower. Thus, the restoration of mangroves in tidal flats is inappropriate, especially in areas where
tidal flats serve as valuable and irreplaceable habitat (e.g., as stopover sites for migratory birds).
Therefore, finding ways to consider both habitat and other services by developing alternative options
is critical to ensure a sustainable flow of services for both local and global stakeholders.
In such a case, comprehensive wetland valuation and trade-offs should be conducted in the
design stage of wetland ecological restoration projects. Wetlands (i.e., tidal flats, estuarine delta,
and bottomland) with high habitat service values should be priority in wetland restoration. A network
approach should be conducted for understanding the opportunities and barriers to effective public
participation in the management of protected areas. This valuation framework should be promoted
through wetland conservation networks, such as the China Coastal Wetland Conservation Network,
which incorporates the practitioners and stakeholders involved in the management of national
nature reserves.
5. Conclusions
This study is the first attempt to establish a valuation framework and database for the nine
ecosystem services of 13 wetland types in China’s coastal zones. We constructed a literature database
containing over 170 papers (808 observations) on field-scale research for wetlands in China’s coastal
zones. Using the literature database and data from LU, NPP, DEM, and statistical yearbooks,
we evaluated the wetland ecosystem services provided by 35 national nature reserves in 11 coastal
provinces/municipalities in China. The results showed that the wetland ecosystem services in the
study area have a total value of 331.68 USDy−1 ×1 08 . The wetland ESV also revealed considerable
spatial variability along China’s coastal zones. This study provides a picture of the ESV of 13 wetland
types and shows that spatial, statistical, and literature data are useful and inexpensive in estimating
ESV of different wetland types in coastal zones. The application of literature data based on local
field survey reduced the evaluation uncertainty. The application of satellite data demonstrated the
spatial distribution of wetland ecosystem services, which can contribute to wetland ecosystem services
mapping in coastal zones. The results provide insight into wetland trade-offs and the prioritization of
wetland types with high service values, which would provide scientific support for resource managers
and policy-makers in wetland conservation and restoration.
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