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Abstract Accurate wetland datasets are indispensable for
generating polices on wetland conservation and appropriate
land uses, global climate change studies, and biodiversity con-
servation. Although increasing numbers of global wetland-
related datasets have been established, the extensive disagree-
ments among these datasets are prominent. In particular, esti-
mates of global wetland area range from 0.54 to 21.26 million
km2 and the class-specific spatial consistency of wetlands is
less than 1%. The different definitions of ‘wetland’ and the
intrinsic features of wetlands contribute to this extensive in-
consistency. Given the various requirements of wetland-
oriented data products, it is important to conduct comprehen-
sive wetland mapping at global scale. The Ramsar wetland
definition is recommended and a hierarchical and flexible
structure of wetland classification system is preferred for fu-
ture global wetland datasets. Time-series satellite imagery at
250–1000m spatial resolution is preferred to characterize wet-
land dynamics by combination of passive/active SAR data
and other ancillary data, such as topography, climate, and soil
data. The classification tree method for classification of mas-
sive satellite imagery and big-data technology for sample
datasets are promising for the enhancement of wetland map
product accuracy.

Keywords Global wetland-related datasets .Wetland
classification .Wetland inconsistency . Global wetland
mapping

Introduction

Wetlands, distributed in all climate zones ranging from the
tropics to the tundra, are among the most productive and valu-
able ecosystems in the world (Mitsch and Gosselink 1993).
The total value of services provided by global wetland eco-
systems is nearly half of the total value of services that global
ecosystems are estimated to provide (Costanza et al. 1997).
Wetlands not only offer fundamental materials for human
well-being but also have the potential to generate considerable
economic value. According to the Millennium Ecosystem
Assessment, capture fisheries in coastal waters alone contrib-
ute $34 billion to gross world product annually (Finlayson
et al. 2005). Therefore, wetlands can be considered indispens-
able resources for humans.

With the rapid population growth and economic develop-
ment, wetland disappearance and degradation has occurred
worldwide (Davidson 2014; Dixon et al. 2016). Wetland loss
is not only a global environmental and ecological issue; it is
also closely related to social development. Reliable wetland
datasets would help us to understand the location, area, distri-
bution, and condition of global wetlands, and the decision-
makers to develop effective conservation policies and man-
agement plans to establish appropriate conservation/
management priorities. However, there is little knowledge
on recent changes to global wetlands, such as global wetland
distribution, loss and status. The typically cited figure of glob-
al wetland loss is about 50%. But Davidson (2014) in his
research pointed out that the typically cited figure of 50%
global wetland loss originated from very limited data from
the USA only for the mid-twentieth century and was then
erroneously restated as a global figure. By reviewing 189
reports related to changes in wetlands, Davidson (2014) con-
cluded that the long-term loss rate of global wetlands is about
54%–57%. However, there are uncertainties associated with
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this estimation because there are geographical biases in the
numbers of published reports among different regions and
different spatial scales and inconsistencies in the available
data related to the change of wetland areas.

As a severe environmental issue, climate change is consid-
ered to be a threat to species survival, the health of natural
systems, and human well-being (Hulme et al. 2005).
Wetlands represent a land cover class that is sensitive to climate
change. On one hand, through potential or near potential
evapotranspiration wetlands exchange water, heat, and energy
with atmosphere and exert a direct impact on both global and
local/regional climate (Fan et al. 2010). On the other hand,
through the sequestration and emission of greenhouse gases
wetlands participate in global biogeochemical cycle and regu-
late both global and local/regional climate indirectly (Russi
et al. 2013). As the largest carbon sink and the main natural
sources of methane (CH4) in the world ( Takai 1970; Parish and
Looi 1999; Russi et al. 2013), wetland type, area, distribution,
and the timing and extent of inundation are essential for the
calculation of greenhouse gas emissions and carbon storage
(Matthews and Fung 1987; Aselmann and Crutzen 1989).
Wetland datasets are important input variables in models focus-
ing on the simulation and prediction of global climate change
(Boer et al. 2000).

Wetlands provide habitats for a range of birds, fish, and
plants, including many threatened and endangered species
(Finlayson et al. 2005). The distribution and condition of wet-
lands is usually associated with the distribution and health of
species. Changes to wetland area and distribution would cause
shifts in species distribution, changes to migratory routes, and
alterations in community structures and species interactions
(Erwin 2009). Taking wetland waterfowl as an example, a
variety of habitats such as permafrost, forest, marshes, man-
groves, and red coral are needed for the annual migration of
waterfowl (Browne and Dell 2007). The loss of wetland along
the migration route will force large numbers of waterfowl to
change their migration routes or even lead to loss of species
(Barbier et al. 1997). Wetland datasets are critical in simulat-
ing species distribution, exploring the patterns of migration,
and establishing natural reserves. Therefore, it is important to
develop accurate wetland datasets for wetland management
and decision-making policies.

The increasing recognition of the importance of wetlands
has stimulated great interest in mapping global wetland distri-
bution. In 1996, the IGBP (International Geosphere-
Biosphere Program) wetlands workshop developed a wetland
parameterization scheme to better incorporate wetlands into
global land surface characterization schemes (Sahagian and
Melack 1997). In this report, the authors reviewed the avail-
able global wetland datasets, including the maps developed by
Matthews and Fung (1987) and Aselmann and Crutzen
(1989), and found the figure of global wetland extent was
uncertain. Finlayson et al. (1999) summarized a selection of

international, regional, and national wetland inventories and
identified priorities for improving the global wetland
inventory. Mitra et al. (2005) reviewed and compared four
global databases (Matthews natural wetlands database,
ISLSCP (International Satellite Land Surface Climatology
Project) database, IGBP DISCover (Data Information
System) database and the Ramsar database) and found that a
substantial disagreement on spatial distribution was present
among these datasets. However, as the overview of global
wetland datasets was just a basic part for the previous re-
searches, these studies analyzed a few of global wetland-
related datasets and mainly focused on the differences of the
global wetland area. The causes of differences in the current
datasets have not been adequately explored either. With the
rapid development of Earth observation technologies and oth-
er information technologies, an increasing number of global
wetland-related datasets have been developed, but the knowl-
edge of the total global wetland area, distribution and their
conditions remains limited. To understand the situation of
global wetlands, in this paper we (1) summarize the currently
available wetland-related datasets at a global scale; (2) exam-
ine the inconsistencies among these datasets and their causes;
(3) discuss the issues related to global wetland mapping; and
(4) suggest some recommendations for the future generation
of a comprehensive global wetland dataset.

Global Wetland-Related Datasets

According to the Ramsar Convention, wetlands are "areas of
marsh, fen, peat land, or water, whether natural or artificial,
permanent or temporary, with water that is static or flowing,
fresh, brackish, or salty, including areas of marine water the
depth of which at low tide does not exceed six meters"
(Ramsar Information Bureau 1998). The scope of the
Ramsar definition is broader than the plethora of wetlands
definitions developed based on different areas of expertise or
interest. Therefore, this definition is more suitable for the re-
view of global wetland-related datasets which have different
wetland classification systems.

Based on the establishment methods of wetland datasets,
the global wetland-related datasets can be divided into three
groups: (1) remote-sensed datasets, which map wetlands
through remote sensing (RS) classification; (2) compilation
datasets, which are developed by aggregating various histori-
cal independent datasets; and (3) simulation datasets, which
simulate wetlands using models such as hydrological models
or Land Surface Models (LSM) (Table 1).

Remote Sensing-Based Datasets

The RS classification has many advantages for wetland inven-
tory at a large scale (Ozesmi and Bauer 2002). For instance,
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using RS imagery for land cover classification is economic
and efficient. It is possible to monitor and inventory wetlands
seasonally and annually through repeated observation by sat-
ellites. The RS-based method is considered to be the most
desirable technique for wetland inventory at global scale.

Early aerial photography and satellite imagery identified
wetlands mainly through artificial visual interpretation
(Nayak and Sahai 1985). Because of the complexity of wet-
land ecosystems and the small number of spectral bands of
images, visual interpretation based on expert knowledge is
more effective and reliable than computer auto-classification.
The early wetland inventory of the US was mainly based on
visual interpretation of aerial photography (Dahl 1990).
Although manual interpretation generally has high precision,
this approach is time-consuming and subjective (Phinn et al.
1999; Baker et al. 2006; Wright and Gallant 2007). Dataset
updating in this manner is also very expensive and slow. For
example, the Global Land Cover (GlobalLand30) products ca.
2000 and 2010 with 30-m spatial resolution (Chen et al. 2015)
employed visual interpretation and involved several hundreds
of people for four years. However, only two wetland catego-
ries (water and wetlands) were included in this dataset.
Therefore, this approach is generally limited to local and small
regions. Moreover, it is typically employed to collect training
and validation samples in line with the development of com-
puterized classification (Gong et al. 2012).

Computerized classification methods comprise supervised
and unsupervised approaches. Supervised classification uses
training samples to recognize the different classes (Ozesmi and
Bauer 2002; Schowengerdt 2012). The advantage of this method
is the ability to specify the desired class types. However, it has
some limits that the desired classes may not correspond to spec-
trally unique classes, and the acquisition of training data is time-
consuming and expensive (Ozesmi and Bauer 2002). The
Moderate Resolution Imaging Spectroradiometer (MODIS) land
cover classification algorithm (MLCCA), which used a super-
vised decision tree classification approach to 5 months of
MODIS data, was used to develop the MODIS land cover prod-
uct (BU-MODIS) at 1-km spatial resolution (Moody and Strahler
1993). Both permanent wetlands of large areal extent and water
bodies were contained in this dataset (Friedl et al. 2002). A 500-
m global land cover dataset, Global Land Cover by National
MappingOrganizations 2008 (GLCNMOVersion 2), was devel-
oped by the International Steering Committee for Global
Mapping (ISCGM). In GLCNMO Version 2, the classification
method by using the Tasseled Cap Transformation and super-
vised decision tree has been employed for six land cover classes,
including wetland, water, and mangrove (Tateishi et al. 2014).

The unsupervised classification (clustering) method groups
together pixels with similar spectral values and labels clusters
with specific classes based on ancillary information (Ozesmi
and Bauer 2002; Schowengerdt 2012). This approach elimi-
nates the time-consuming training step and the classes are dis-T
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tinct units. However, the clusters may not correspond to desired
class types (Ozesmi and Bauer 2002). A 1-km global land
cover database (DISCover) and a 1-km global land cover char-
acteristics database (GLCC.I) were developed for the IGBP-
DIS initiative, in which unsupervised classification of monthly
Advanced Very High Resolution Radiometer Normalized
Difference Vegetation Index (AVHRR-NDVI) of 1992 was
used and two wetland categories (permanent wetland and water
body) have been identified (Loveland et al. 2000). Another
global land cover product for the year 2000 (GLC-2000) has
been produced using SPOT/VEGETATION data based on the
‘regionally tuned’ approach by an international partnership of
30 research groups (Bartholomé and Belward 2005). In this
dataset, wetlands were extended from permanent to regularly
flooded shrub/herbaceous. Building on the success of the GLC-
2000 project, the European Space Agency launched the
GlobCover initiative and released higher resolution global land
cover (GlobCover2005 and GlobCover2009) product using
300-m resolution ENVISAT/MERIS data for 2005–2006 and
2009 (Bicheron et al. 2006; Sophie and Pierre 2010).
Compared with GLC-2000, GlobCover products have not only
improved the resolution but also provide more detailed wetland
categories (Table 1).

However, optical and infrared RS are unable to penetrate
clouds and dense vegetation cover, particularly in tropical or
sub-tropical regions, representing a major limitation of this
approach. Prigent et al. (2007) merged the passive and active
microwave along with visible and infrared observations
through an unsupervised clustering technique to detect global
inundation which included natural wetland and irrigated rice
at 2.5° resolution (GIEMS). Based on this time-series prod-
ucts, Fluet-Chouinard et al. (2015) established a new inundat-
ed dataset (GIEMS-D15) using a downscaling method to im-
prove the spatial resolution of the Prigent’s result from 2.5° to
500 m. In 2016, by using three million Landsat satellite
images and expert systems, Pekel et al. (2016) has quantified
changes in global surface water over the past 32 years at 30 m
resolution and found that nearly 3 % (4.46 million km2) of the
earths’ landmass was under water at some time between 1984
and 2015. Through the Deltares Aqua Monitor tool, Donchyts
et al. (2016) has explored the earth’s surface water change
over the past 30 years. But they only provide the gains and
losses of the global surface water area and did not provide the
global surface water area for each year.

Compilation Datasets

Another way to establish global wetland datasets is to compile
historical data, including independent feature datasets (water,
vegetation and soil) and existing wetland-related datasets (wet-
landmaps and land cover products). In order to estimate the area,
location and environmental features of global wetlands,
Matthews and Fung (1987) combined three independent global

digital datasets (vegetation, soil properties and fractional inunda-
tion) and developed a global dataset of natural wetland at 1°
resolution. By compiling published information and various
maps that drew from regional wetland surveys and
monographs, Aselmann and Crutzen (1989) created a dataset
on the distribution and seasonality of global freshwater wetlands
and rice paddy. Another recent global wetland database is Global
Lakes and Wetland Database Level-3 (GLWD-3), which was
developed in 2004 by combination of the best available sources
for lakes and wetland on a global scale with a high spatial reso-
lution of 30 arc-seconds (Lehner and Döll 2004). Because of the
difficulty of wetland extraction from MODIS data by the super-
vised classification, the global land cover dataset, GLCNMO
version1, has taken the common wetland areas in GLC2000
and IGBP-DISCover as wetlands (Tateishi et al. 2011). Aiming
for biodiversity and ecosystem modeling, Tuanmu and Jetz
(2014) integrated four global land cover products (DISCover,
GLC2000, BU-MODIS, and GLOBCOVER 2005) and devel-
oped a global 1-km consensus land cover product using a gen-
eralized classification scheme and an accuracy-based integration
approach. Therefore, this dataset inherited two wetland catego-
ries: regularly flooded vegetation and open water.

Simulation Datasets

Water is a key factor in wetland occurrence. Topography, cli-
mate and soil features have impacts on the spatial-temporal
distribution of water simultaneously and their combined effect
controls wetland formation and distribution. Some
hydrological models have been developed based on this
relationship to simulate the areal extent and spatial
distribution of wetlands. For example, Fan et al. (2013) and
Zhu and Gong (2014) simulated global wetland at 1-km spa-
tial resolution based on the relationship between water table
depth and wetland distribution, respectively. Hu et al. (2017)
simulated the potential distribution of global wetlands using a
new precipitation topographic wetness index.

The increasing awareness of the major role wetlands play in
the global climate system has led an increasing number of
LSMs which take account of wetlands in their schemes. The
Wetland andWetland CH4 Inter-comparison of Models Project
(WETCHIMP) has investigated wetland CH4 models for sim-
ulations of large-scale wetland characteristics and correspond-
ing CH4 emissions (Melton et al. 2012). This study showed that
these LSMs determined wetland area by prescribing extents,
parameterization/forcing with a remotely sensed inundation
dataset, or model wetland location via the model’s hydrological
model. For example, the SDGVM and UVic-ESCM used their
internal hydrological model to determine the location of wet-
lands (Hopcroft et al. 2011; Avis et al. 2011), whereas others
such as CLM4Me and DLEM prescribed wetland extent using
remotely sensed inundation datasets (Riley et al. 2011; Xu and
Tian 2012).
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Inconsistencies among Global Wetland-Related
Datasets

Inconsistencies of global land cover products have been con-
firmed by several research studies (Giri et al. 2005; Jung et al.
2006; Herold et al. 2008). As complex earth ecosystems, wet-
land identification is the most difficult task during land cover
mapping (Niu 2015; Gong et al. 2016). In this section, the
inconsistencies among various datasets on global wetland
areas and spatial distribution are being examined.

Comparison of Wetland-Related Datasets

The area extent of global wetlands varies greatly among dif-
ferent datasets from 0.54 million km2 to 29.83 million km2

(Table 1). Even if datasets are produced by the same kind of
approach, the wetland areas in these datasets remain consid-
erably different. For example, the wetland area in remote-
sensed products ranged from 2.12 to 17.3 million km2

(Bartholomé and Belward 2005; Tateishi et al. 2011), and in
compilation datasets this figure varied from 2.82 to 12.7 mil-
lion km2. The difference in wetland area among different kind
of datasets is even more prominent. As shown in Table 1, the
wetland areas in simulation results are commonly larger than
those of other types of datasets. In the 1999 global wetland
inventory report, Finlayson et al. (1999) estimated the global
wetland area to be between 7.48 and 12.79 million km2.

The disagreement in spatial distribution among global
wetland-related datasets is also prominent. Köchy and
Freibauer (2009) compared three different datasets, which in-
clude Matthews and Fung, the land cover map from the
International Satellite Land Surface Climatology Project
(ISLSCP map) and DISCover dataset. The result showed that
Matthews and Fung and the ISLSCP map only matched 57%,
and the match among Matthews and Fung’s map, the ISLSCP
map and the DISCover dataset was even lower. Nakaegawa
(2012) compared three water-related land cover types (snow
and ice, wetland, and open water) in six 1-km global land
cover datasets (GLCC.S, GLCC.I, GLC2000, BU-MODIS,
GLCNMO Version 1 and GLWD-3) by calculating the class-
specific consistency. The result indicated that the agreement
for open water is about 67%, but the value for wetlands with-
out surface water is much lower at only about 30%. However,
in Nakaegawa (2012)‘s study, the class-specific consistency
was calculated just between each pair of datasets instead of the
six datasets. Since GLCC.S, GLCC.I, and DISCover were all
established under the IGBP framework and the GLCNMO
version1 has taken the common wetland areas in GLC2000
and DISCover, therefore, in this paper, we have selected four
wetland-related datasets (GLCC.I, GLC2000, BU-MODIS,
and GLWD-3) whose data resolution were equal and the data
collection periods were near 2000 (Table 1) and calculated the
class-specific consistency among these four datasets pixel by

pixel to check whether the same pixel had the same type at the
same time. If a pixel showed identical categories among the
four datasets simultaneously, the consistency was 100%; if
three datasets indicated the same category in the pixel, the
consistency was 75%, and so on. This approach showed a
serious inconsistency in that the spatial consistency of water
among those four datasets was about 23% and the situation of
wetlands without surface water was less than 1% (Fig. 1).

Reasons for the Inconsistencies

Differences in Wetland Definition

Although wetlands can be commonly regarded as the transi-
tional area between terrestrial and aquatic ecosystems (Kent
1996; Klemov 1998), there are numerous different definitions
of wetlands such as ‘bogs and fens’ (peat-accumulating wet-
lands), ‘marshes’ (herbaceous, frequently inundated wetlands)
or ‘swamps’ (forested wetlands), and no standardization of
these terms (Mitra et al. 2005). Different datasets that serve
for different purposes have a different understanding of the
‘wetland’ concept and apply different wetland classification
systems. For example, remote-sensed datasets mainly come
from global land cover products, which have been primarily
directed towards identifying land surface characteristics (e.g.
vegetation features) (Gumbricht 2012) and only permanent
wetlands and some regularly flooded areas are considered in
the classification system of RS datasets (Table 1). In contrast,
compilation datasets developed under the demands of calcu-
lating CH4 emissions have more detailed categories extending
from natural wetlands to artificial wetlands. This inconsisten-
cy in wetland definition then leads to disagreement on area
extent and spatial distribution among different wetland
datasets.

Intrinsic Features of Wetlands

Wetlands are characterized by seasonal and annual variation in
hydrology (Loveland et al. 2000; Melton et al. 2012). The
areal extent and spatial distribution of wetlands may change
considerably across different seasons and years (Prigent et al.
2007; Fluet-Chouinard et al. 2015). It is difficult to distinguish
seasonal wetlands if only single-data imagery was employed
in wetland mapping. Moreover, the chronological inconsisten-
cy of input data sources could result in disagreement among
different wetland-related datasets (Fluet-Chouinard et al.
2015). Therefore, most of the currently remote-sensed wet-
land datasets that are static in time could not identify seasonal
wetlands well. Global inundated data are time-series datasets
and can reflect the dynamic changes of wetlands. However, its
coarse resolution and the uncertainties such as the underesti-
mation of GIEMS in some forested regions and low accuracy
of GIEMS-D15 in mountainous regions (Prigent et al. 2007;
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Fluet-Chouinard et al. 2015) have influnced the reliability of
its area extent and spatial distribution.

Another feature of wetlands is their transitional environ-
ment characteristics, which come from their geospatial loca-
tion between terrestrial ecosystem and aquatic ecosystem. The
spectrum of wetlands is always a spectra mixture of water,
soil, and vegetation, which pose great challenges to wetland
mapping by RS. The sharp spatial-temporal changes of land-
scape elements often results in confusion between wetland
classes. Therefore, different methods of wetland identification
and different input data always produce variable results. For
instance, the classification method used by IGBP-DISCover
was unsuitable to identify wetlands, which lead to an under-
estimation of wetland area (Loveland et al. 2000).
Furthermore, as optical imageries could not penetrate dense
vegetation canopies, the spectrum of swamp and mangrove
are similar to the forest spectrum in optical imageries.
Underestimation of the wetlands in tropical or sub-tropical
areas will occur if only optical imageries are used in wetland
mapping (Gumbricht 2012).

Discussions for Global Wetland Mapping

In terms of quantity it seems that datasets related to global
wetlands are adequate; however, in terms of quality, accurate
datasets specifically for wetlands are scarce. And these cur-
rently available datasets are widely dispersed among land cov-
er products (Loveland et al. 2000; Friedl et al. 2002;
Bartholomé and Belward 2005), water products (Sharma
et al. 2015; Donchyts et al. 2016; Min et al. 2016; Pekel
et al. 2016), peatland datasets (Van Engelen and Huting
2002; Kleinen and Brovkin 2013) and mangrove maps
(Spalding et al. 1997), which are either static in time or coarse
in spatial resolution and have extensive disagreement of wet-
lands among them (Ozesmi and Bauer 2002; Finlayson et al.
2005; Nakaegawa 2012). Given the importance of wetland
dataset in policy decision-making, global climate change stud-
ies, and biodiversity conservation, it is necessary to develop
an accurate and specific dataset for global wetlands. While
wetland thematic mapping is not a new topic, it is more often
performed at local scale. Global wetland thematic mapping,

which will have more higher accuracy of wetland categories
and can provide more detailed ecological and environmental
features of the wetland ecosystem, requires more attention on
the following aspects.

Wetland Conception and Classification System

The wetland concept and classification system are essential
prerequisites for wetland thematic mapping capable of
encompassing the diversity of wetland subclasses. As men-
tioned above, different wetland concepts were adopted in
those global wetland-related databases, most of which merely
focused on wetland area and distribution, and only comprised
a few wetland categories, such as regularly flooded grass and
open water. This obviously cannot meet the requirements of
wetland conservation and other applications. The classifica-
tion system of wetlands and deep-water habitats developed for
the U.S. Fish and Wildlife Service (Cowardin et al. 1989) is
widely regarded as the one of the most comprehensive and
versatile wetland classification systems (Finlayson and van
der Valk 1995); however, it is too complicated to be opera-
tional at a large scale (Scott 2010). Up to now there is no
corresponding global dataset to this wetland classification sys-
tem. By contrast, the Ramsar wetland definition has been ac-
cepted by many organizations (Blanco et al. 2013; Navid
2014). Although its wetland classification system has been
criticized for being too embracing (Mitsch and Gosselink
1993; Paul 2000; Mitra et al. 2003; Yin et al. 2014), it is
suitable for wetland management. The aim of a comprehen-
sive global wetland dataset is well suited to this definition
because most wetland categories in those existing global
wetland-related datasets are included. Furthermore, the global
wetland classification system should be hierarchical and have
a flexible structure in which (besides the traditional informa-
tion such as location, size, and distribution), more information
on biogeochemical features of wetlands can be considered.

Mapping Method

Construction of wetland datasets through compiling historical
data could make full use of existing information and represent
the best choice when there is no other specific wetland data.

Fig. 1 Class-specific consistency
among four global wetland-
related datasets
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This kind of dataset can help cross-validate a new wetland
map. However, it is challenging to reduce the uncertainties
within each dataset that could be inherited by a wide variety
of datasets, which have different application purposes, differ-
ent wetland definitions, different mapping methods and differ-
ent dates. Wetland modeling represents an efficient way to
simulate wetlands, especially when physically based models
can reflect the formation mechanisms of wetlands. One of the
most important advantages of wetland models is that not only
can these models trace back the historical wetland distribution,
but they can also predict the future changes under different
scenarios. Simulation wetland data provide a potential wet-
land distribution area. However, the major obstacles are that
all models are simplifications of reality because of the com-
plexity of wetlands and the human interference is not well
considered in the models. Though these two kinds of ap-
proaches are not recommended to be used at current stage in
the global wetland thematic mapping, they are helpful to un-
derstand global wetland distribution and to develop a new
comprehensive global wetland dataset.

The RS classification is the most promising method for
global wetland mapping in consideration of the cost of imag-
ery processing. A variety of classification algorithms have
been proposed in those successful global landcover mapping
datasets (Friedl et al. 2002; Bartholomé and Belward 2005;
Hansen et al. 2007; Prigent et al. 2007; Tateishi et al. 2011;
Sadeghi et al. 2012; Blanco et al. 2013; Gong et al. 2016).
Among these, the decision trees classification method has the
ability to integrate a wide variety of input data, high flexibility
and computerized efficiency, and has been widely used from
regional/local scales to the global scale. This method is pre-
ferred, given the complexity of global wetlands, which are
distributed across all climate zones from the tropics to the
tundra, characterized by high hydro-dynamics, and encom-
pass all vegetation types (herbaceous, shrub, and forest).

Input Data Sources

Compared with the classification algorithms, input data sources
have a larger impact on the accuracy of classification, and the
accuracy differences caused by the various input data are larger
than those caused by different algorithms (Augusteijn and
Warrender 1998; Li et al. 2013;Yu et al. 2014). Therefore, further
efforts should be made to include new features for improving
wetland thematic mapping accuracies (Li et al. 2013). Multi-
source data, time-series data and auxiliary data have proved to
be successful for wetland thematic mapping. For example, mi-
crowave data are less affected by weather and is sensitive to
moisture. Hyperspectral data contains detailed spectral informa-
tion. These multi-source data could make up the deficiencies of
optical data. The combination of these approaches usually has a
better result than the use of a single approach alone (Stankiewicz
et al. 2003; Gumbricht 2012; Gong et al. 2016). However,

because of the poor availability, high expense, relatively coarse
spatial resolution and complicated process of these data, their
combined usage at the global scale remains limited at present.
At the same time, the dynamic characteristics of wetland make it
difficult to identify the seasonal wetlands and detect the seasonal
variation of wetlands with the single-date images. Time-series
satellite imagery can provide more detailed information on wet-
land dynamics, which will help to improve the accuracy of wet-
lands classification. Other ancillary information such as topogra-
phy, climate and soil data, which are closely related to wetland
occurrence, are also useful in wetland mapping. For global wet-
land mapping initiatives, time-series multi-spectral imager,
Synthetic Aperture Radar (SAR) could be more appropriate than
other satellite data sources, such as high-resolution and
hyperspectral imagery.

Sample Dataset

The sample dataset is very important for the automatic classi-
fication of RS imagery because the accuracy of samples can
directly influence the accuracy of the classified result. For
example, the supervised classification is based on the training
sample and the reliability of the classification is verified by the
validation sample. However, the selection of samples is a
labor-intensive and time-consuming process, especially when
developing a global sample dataset, which mainly relies on
human experience through field investigation and high-
resolution imagery.

The development of a tool of sample sharing and make full
use of existing results is a practical way to solve this problem
(Klemas 2005; Li et al. 2013; Zhao et al. 2014). The emerging
big-data technology, which can help search for and analyze
massive wetland data that are stored on the Internet and in all
formats, is promising to help construct a global wetland sam-
ple dataset. Future research is also needed to develop discrim-
inative method of precise wetland samples. The transforma-
tion of samples from different wetland classifications systems
is also to be solved.Moreover, in consideration of the dynamic
variation of wetland and the changes in land cover, a sample
dataset comprising the seasonal dynamics of wetland would
be useful for mapping wetland dynamics (Li et al. 2013).
Developing a universal sample dataset with spatial and tem-
poral representation is challenge, but it is essential for global
wetland mapping.

Conclusions

Accurate wetland datasets are indispensable in generating pol-
icies on wetland conservation and their appropriate land use,
global climate change studies, and biodiversity conservation.
According to the development methods of global datasets, the
global wetland-related datasets can be divided into three
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groups: remote-sensed datasets from satellite imagery through
RS classification, compilation datasets by aggregating various
independent datasets, and simulation datasets by employing
hydrological models or LSMs. However, because of the di-
versity of wetland definition and intrinsic features of wetland
ecosystem, there are major inconsistencies between the
existing global wetland-related datasets in terms of wetland
area and spatial distribution.

Given the various requirements of wetland-oriented data
products, it is important to conduct comprehensive global
wetland mapping. Because of the broader usages of wetland
datasets, the Ramsar wetland definition is recommended to be
adopted in the development of comprehensive global wetland
dataset, since most wetland categories in existing global
wetland-related datasets are included within it. At the same
time, a hierarchical and flexible structure of global wetland
classification system is preferred, in which (besides the tradi-
tional information such as location, size, and distribution),
more information on biogeochemical features of wetlands
can be considered.

Considering the limitations and strengths of current wetland-
related data products at the regional and global scale, we suggest
that the synthetic method of wetland mapping should be applied.
For instance, the simulation of wetland datasets can provide the
maximum boundary of wetland distribution, whereas a compila-
tion wetland dataset could help cross-validation of the resultant
wetland map. Among the computer automatic classification
methods, the classification tree method is promising because of
its flexibility as it can deal with various conditions of wetland
across the world and adopt various data sources and approaches.
To address the dynamics of wetlands at global scale, time-series
satellite imagery with 250–1000m spatial resolution is preferred.
In addition, in order to avoid the optical imagery limitations of
cloud cover and forested wetland canopy cover, the time-series
satellite imagery could be combined with passive/active SAR
data. Though sample selection is labor-intensive and time-con-
suming, it is essential for wetland mapping. Big-data technology
is promising for the development of global wetland sample
datasets.
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