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SUMMARY

To counter their widespread loss, global aspirations
are for no net loss of remaining wetlands [1].
We examine whether this goal alone is sufficient for
managing China’s wetlands, for they constitute
10% of the world’s total. Analyzing wetland changes
between 2000 and 2015 using 30-m-resolution
satellite images, we show that China’s wetlands
expanded by 27,614 km2 but lost 26,066 km2—a net
increase of 1,548 km2 (or 0.4%). This net change hides
considerable complexities in the types of wetlands
created and destroyed. The area of open water sur-
face increased by 9,110 km2, but natural wetlands—
henceforth ‘‘marshes’’—decreased by 7,562 km2. Of
the expanded wetlands, restoration policies contrib-
uted 24.5% and dam construction contributed
20.8%. Climate change accounted for 23.6% but is
likely to involve a transient increase due to melting
glaciers. Of the lost wetlands, agricultural and urban
expansion contributed 47.7% and 13.8%, respec-
tively. The increase in wetlands from conservation ef-
forts (6,765 km2) did not offset human-caused
wetland losses (16,032 km2). The wetland changes
may harm wildlife. The wetland loss in east China
threatens bird migration across eastern Asia [2].
Open water from dam construction flooded the orig-
inal habitats of threatened terrestrial species and
affected aquatic species by fragmenting wetland
habitats [3]. Thus, the ‘‘no net loss’’ target measures
total changeswithout considering changes in compo-
sition and the corresponding ecological functions. It
may result in ‘‘paper offsets’’ and should be used
carefully as a target for wetland conservation.

RESULTS

‘‘The biosphere, uponwhich humanity as a whole depends, is be-
ing altered to an unparalleled degree across all spatial scales’’ [4],
while biodiversity is declining faster than at any time in human his-
tory, nearly everywhere, and at all levels [5].Wetlands, possessing
abundant vegetation and diverse animal and plant species, play a
pivotal role in global biodiversity conservation. Yet wetlands are
one of the most threatened ecosystems. They are central to
meetingmanyof theUnitedNations’ 17SustainableDevelopment
Goals (SDGs), contributing directly or indirectly to 75 (out of 230)
SDG indicators [6]. Alarmingly, 35% of wetlands have been lost
globally since 1970. Many national policies adopt a ‘‘no net loss’’
target tocombat this trend.Forexample, in1987, theU.S.Environ-
mental Protection Agency (EPA) convened the National Wetlands
Policy Forum (NWPF), refocusing the country’swetland regulation
toward a policy of no net loss [1]. Under this policy, when a pro-
posal ismade to drain or fill a wetland, the proposersmust restore
or construct wetlands nearby that are of the same or greater size
and levels of function to offset the loss (https://www.epa.gov/
wetlands/wetlands-restoration-definitions-and-distinctions).
Several methods of realizing the no-net-loss target have devel-
oped since the late 1970s, including permittee-responsible miti-
gation and third-party mitigation (i.e., wetlandmitigation banking
and in-lieu fee mitigation) [7]. Overall, freshwater wetlands have
experienced a slight increase in area between 2004 and 2009
[8]. Unfortunately, this policy ignores important features of wet-
lands andwetland changes, such as category, location, temporal
scale of change, ecological functions, and the forces behind
those changes (e.g., [9]), likely resulting in ‘‘paper offsets’’ [10].
In the context of several key ecological functions or services

and especially biodiversity, we examine the suitability of no net
loss as a wetland conservation target using data of wetland
changes in China between 2000 and 2015. Details are in STAR
Methods and Supplemental Information. We propose a frame-
work for effective wetland analysis and conservation practice.
It aims to detail changes over space and time, by category and

Current Biology 29, 1–7, September 23, 2019 ª 2019 The Author(s). Published by Elsevier Ltd. 1
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Please cite this article in press as: Xu et al., Hidden Loss of Wetlands in China, Current Biology (2019), https://doi.org/10.1016/j.cub.2019.07.053

mailto:zyouyang@rcees.ac.cn
https://doi.org/10.1016/j.cub.2019.07.053
https://www.epa.gov/wetlands/wetlands-restoration-definitions-and-distinctions
https://www.epa.gov/wetlands/wetlands-restoration-definitions-and-distinctions
http://creativecommons.org/licenses/by/4.0/


ecological functions, and seek insights into their causes. Our
study will contribute to fulfilling the commitments for biodiversity
conservation in response to the 2020 Global Biodiversity Targets
and in setting up post-2020 targets.

Changes of Wetlands by Category and in Space
Wetlands of various kinds cover 359,138 km2 (3.8%) of mainland
China’s territory (Figure 1) and are unevenly distributed across it.
Among the three categories, marshes had the highest proportion
(41.5%), followed by lakes plus reservoirs (41.3%) and rivers
(17.2%). Marshes are mainly in northeast China and the
Qinghai-Tibetan Plateau, with lakes plus reservoirs in the
Qinghai-Tibetan Plateau and lower reaches of the Yangtze River
(Figure 1). From 2000 to 2015, wetlands in China showed a net
gain of 0.4% (or 1,548 km2). Marshes decreased by 4.8%
(or 7,562 km2). Lakes plus reservoirs showed a net gain of
5.8% (8,169 km2). Rivers received a small net gain of 1.5%
(941 km2) (Figure 2A).

Wetlands expanded mainly in the Qinghai-Tibetan Plateau,
west of the Xinjiang Autonomous Region, the Three Gorges
Reservoir Area, and themiddle and lower reaches of the Yangtze
River (Figure 3). In total, 27,614 km2 of wetlands was converted
from other ecosystems, among which 35.8% was from agricul-
tural land, 27.6% from grassland, and 9.5% from forest and
shrubs. Of the wetlands gained, 77.3% was to open water sur-
face (63.1% to lakes plus reservoirs and 14.2% to rivers) and
22.7% to marshes (Figure 2B).

Wetlands shrankmostly in the Song-Liao Plain in the northeast
and the lower reaches of the Yangtze River in the east (Figure 3).
A total of 26,066 km2 of wetlands converted to other land cover
types, with 47.7% to agricultural land, 14.5% to grassland, and
13.8% to urban areas. Of the lost wetlands, 46.2% was from

Figure 1. Spatial Pattern of Wetlands in
China in 2015

marshes, 42.7% from lakes plus reser-
voirs, and 11.2% from rivers (Figure 2C).

Driving Forces of Wetland Changes
Agricultural Land Expansion and
Urbanization
Agricultural land and urban expansion are
the major factors causing wetland loss.
They accounted for 47.7% (12,439 km2)
and 13.8% (3,593 km2) of the total area
of loss, respectively. Current land devel-
opment policies drove these changes.
Urbanization might also promote wetland
loss outside urban areas. Given the
magnitude of the loss of cultivated land
during the rapid urbanization, China
adopted the ‘‘cultivated land balance
policy’’ in 1996 to retain the existing
amount of cultivated land nationally for
food security [11].

Additionally, the policies of direct agri-
cultural subsidies on crops after 2004
and cancelling taxes on crops from 2006

might have also encouraged farmers to convert wetlands to
cropland to get more income [12]. Unlike forest, policies
consider marshes to be ‘‘unutilized land’’ and so easily marshes
are converted to urbanized areas. Four major city clusters in
the east (Beijing-Tianjing-Hebei, Yangtze River Delta, Pearl River
Delta, and Middle Reach of the Yangtze River) were responsible
for 64% of the total area converted.
Wetland restoration policy, climate change, and dam construc-

tion are the major factors for wetland expansion. They explain
24.5% (6,765 km2), 23.6% (6,505 km2), and 20.8% (5,731 km2)
of the total expansion, respectively. Thus, wetland loss by agricul-
tural land and urban expansion was 2.4 times that of wetland
expansion due to wetland restoration policy. The conservation ef-
forts in wetlands did not offset wetland losses.
Climate Change
In the sparsely populated Qinghai-Tibetan Plateau that accounts
for 84% of the total glacial area in China [13], the temperature
increased over the past 50 years twice as much as the global
rate [14] with largely stable precipitation [15]. The warming
climate caused glaciers to melt and retreat and thus increased
water supply to rivers, lakes, and even to pastures, causing
wetland expansion. Large lakes such as Nam-Co and Siling-
Co showed obvious expansion due to melting glaciers [16].
Dam and Reservoir Construction
From 2000 to 2015, China constructedmore than 80major dams,
mainly in the southwest. Of them, the Three Gorges Dam flooded
a large discharge area in 2003, creating a giant artificial lake of
>1,000 km2 [17]. The Danjiangkou Reservoir, a water source
for the South-to-North Water Transfer Project [18], expanded
water surface area with an increase in dam height. With the
dam and reservoir construction, the original lands including
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agricultural land, forest, shrub, and urban areas becameopenwa-
ter surface.
Wetland Conservation and Restoration Projects
After the massive flooding of the Yangtze in 1998 [19], govern-
mental policies aiming to restore and conserve wetlands
included the National Wetland Conservation Action Plan in
2000, the National Wetland Conservation Program (NWCP)
(2002–2030) in 2003, and short-term NWCP implementation
plans, every 5 years. China initiated several large-scale wetland
restoration projects after the massive flooding in the middle and
lower reaches of the Yangtze River in 1998. Since then, the cen-
tral government has invested over 10 billion Yuan ($1.5 billion)
converting villages and agricultural land in the flood discharge

areas to lakes and marshes in four provinces of the lower rea-
ches of the Yangtze River, to leave space for flood discharge
[20]. With this policy, over 2 million people were moved from
the flood discharge areas around Poyang Lake, Dongting Lake,
and other places in the lower reaches of the Yangtze River.
Over 2,000 km2 of land was left for flood discharge [20]. Since
2000, the Chinese government has implemented the National
Wetland Action Plan. It aims to conserve natural wetlands and
convert reclaimed low-yield croplands back to wetlands [21].
In the same period, China established more than 200 new
wetland nature reserves at the national and regional levels.
Wetland restoration projects throughout China greatly contrib-
uted to the total wetland expansion. Other related policies,
though not explicitly focusing on wetland conservation, also
contributed. An example is the Pilot Functional Zoning Plan, is-
sued in 2008, that provided financial compensation in key
ecological zones. Many such zones are located within or at least
partially overlapped with key wetlands in the country [22].
The above factors explain 68.8% of the total expansion and

61.5% of the total loss. A large proportion of wetlands was
also subjected to two-way changes between wetland and grass-
land, along with those between wetland and bare land. For
instance, the conversion from wetlands to grasslands was
14.5% of wetland loss. However, these types of conversions
were mainly related to the hydrological processes in these
regions. Changes inwater use for various purposes (e.g., agricul-
tural, industrial, and domestic purposes), climate (e.g., tempera-
ture, precipitation, and evapotranspiration), or both, caused
these wetland conversions. We cannot distinguish the contribu-
tions of related driving factors due to the lack of relevant data
and so do not take them into account.

DISCUSSION

Unlike the rapid shrinkage in the past decades before 2000 [23],
total wetland area showed a slight increase in China between
2000 and 2015. Nonetheless, this summary statistic hides
considerable risks of wetland loss and degradation. First, the in-
crease in total area did not reflect changes among various
wetland categories. It hides decreases of the most vulnerable
wetland types (e.g., marshes). Second, such statistics hide the
contribution of different anthropogenic and natural driving fac-
tors. After quantifying the contribution of different factors, we
found restoration efforts in wetlands did not offset wetland los-
ses by various human activities. Third, such numbers overlook
the sustainability of the associated wetland expansion. The
glacial meltwater in the Qinghai-Tibetan Plateau caused by
climate change will increase in the near term, but likely decrease
in the long term as the glaciers shrink [24, 25]. The newly formed
wetlands over that region will probably dry up when there is little
snowpack or glaciers left to melt [26].
According to a meta-analysis of 102 published studies world-

wide on wetland ecosystem assessment, increases in water sur-
face (due to elevated flow release) had different impacts on
biodiversity for various wetland subtypes. Biodiversity declined
with water surface increases in lakes, marshes, and artificial wet-
lands (mainly equivalent to reservoirs in this article), yet biodiver-
sity increased with water surface increases in rivers [27]. Among
all net gains in our study, the largest portion (8,169 km2) takes

A

B

C

Figure 2. Wetland Area Changes and Conversion from 2000 to 2015
(A) Changes of wetland area by categories.

(B) Conversion from other land cover types to wetlands.

(C) Conversion from wetlands to other land cover types.

See Figure S1 for major reservoirs and dams constructed between 2000

and 2015.
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Figure 3. Spatial Distribution and Examples of
Wetland Change from 2000 to 2015
(A) Spatial distribution. The fraction of wetland change

within a 10-km by 10-km grid cell is shown. Red

represents wetland decrease, and blue represents

wetland increase.

(B) Examples of wetland change: (1) Qinghai-Tibetan

Plateau, (2) Three Gorges Reservoir Area, (3) lower

reaches of the Yangtze River Basin, and (4) Song-Liao

Plain.

Satellite TM images (top) are from 2000 and 2015,

band combination RGB 543. Below is our wetland

classification of those images.

See Figure S2 for expanded wetlands and different

distances to residential areas in the Qinghai-Tibetan

region.
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place in lakes plus reservoirs, which will likely decrease wetland
biodiversity. The net gains of water surface in rivers might in-
crease biodiversity, but their total area is small (941 km2). There-
fore, the increase in water surface, although with some degree of
uncertainty, is unlikely to offset the loss in biodiversity.
Wetlandchangesbetween2000and2015are likely to jeopardize

wildlife. For instance, the wetland loss in eastern China might
threaten bird wintering and migration across eastern Asia [2].
Besides, although dam construction has increased the water sur-
facearea, it hascausedseveral problems.First, the increasedwater
surface flooded the original habitat of terrestrial species such as
theendangeredpeafowl (Pavomuticus) andcaused local extinction
(https://tech.sina.com.cn/d/a/2019-02-13/doc-ihqfskcp4757077.
shtml). Second, dam construction also caused wetland fragmen-
tation and isolation between rivers and lakes, threatening aquatic
species suchasYangtze finlessporpoises (Neophocaena asiaeor-
ientalis) that use these habitats upon migration across a much
larger geographic region [3]. Third, dam construction also caused
wetland shrinkage and degradation downstream. For instance,
Poyang Lake and Dongting Lake—the largest freshwater lakes in
China—have shrunk during the dry season since 2003 due to the
operation of the Three Gorges Dam [28]. Such shrinkage affects
their use by birds during the winter.
Simply maintaining no net loss of wetlands is insufficient: the

increase in total wetland area from 2000 to 2015 does not indi-
cate improvements in the quality of China’s wetlands. Under
the background of rapid urbanization and global climate change,
several measures are needed urgently to complement the total
area control policy.
First, natural wetlands must be classified as one land-use

type (rather than as unutilized land) in the land-use classifica-
tion system and set as protection targets. According to data
from created or restored wetlands and five natural wetlands
in central Ohio, USA [9], replacement wetlands are not function-
ally equivalent to original ones. Conversion of natural wetlands
into restored or created wetlands could give rise to large-scale
damages such as a reduced capacity for nitrate removal and
carbon sequestration. Strict protection measures must be
implemented to include the establishment of protected areas
and ongoing ecological redlining for wetland (especially
marsh) conservation. Redlines establish boundaries designed
to conserve wetland areas of significant biodiversity and
ecosystem services and to prevent wetland loss [29]. They
could be used to prevent wetland loss from urban and
agricultural land conversion. Ecological redlining and planning
should be prioritized and aligned with other spatial planning,
avoiding planning conflicts and the subsequent take-up of wet-
lands for other purposes. The new establishment of the Ministry
of Natural Resources might be able to implement and promote
this type of integrated land planning (http://www.mnr.gov.cn/).
It administers land of ecological importance as well as urban
and agricultural land that previously belonged to different
ministries.
Second, wetland restoration should be strengthened once lost

or degraded wetlands are known by functional trajectory, cate-
gory, and spatial location. Wetland restoration—the growth of
hydrologic functions, soil microbiology, floral richness, and other
functions—may take different paths of growing and maturing to
offset the functional losses of altered or lost wetlands over time

[30, 31]. This ‘‘functional trajectories’’ concept largely builds on
Clementsian restoration ecology, which views restoration and
succession as an orderly, predictable, and deterministic process
[32]. Although facing challenges, the functional trajectories
concept is still useful as it directly connects restoration treat-
ments with ecological functions and trajectories [32]. The priority
areas for restoration should thus focus on the functional trajec-
tories and categories lost recently, such as wetlands converted
to agricultural land, degraded wetlands isolated from large
areas, or areas surrounding important wetlands for biodiversity
conservation and ecosystem services.
Third, China urgently needs integrated water allocation plan-

ning for ecological, agricultural, industrial, and domestic pur-
poses. Water requirements for major natural wetland areas
should be included in the planning process and given high prior-
ity. Other necessary measures include launching programs to
turn paddy fields to dry land [33], likely increasing water yield
from ecosystems and thus diminishing conflicts over water use
between different purposes and different regions. This inte-
grated allocation becomes possible when there is mechanistic
knowledge about wetland loss or degradation.
Fourth, China needs wetland inventory and monitoring,

including categories, locations, and quantities of wetlands at
reasonable intervals, especially in areas where land use is
changing quickly. Studies on financial costs or time lags asso-
ciated with wetland loss and gain (e.g., via reestablishment)
are few. Gutrich and Hitzhusen [34] found that it required a
median of 33 and 13 years for floral and soil ecosystems,
respectively, in newly established wetlands to achieve the
full functional equivalency of lost wetlands in Ohio and Colo-
rado. Their research suggests that even with the construction
of wetlands that are of the same type and quantity of lost wet-
lands under the no-net-loss policy, society bears significant
costs associated with lost wetland benefits due to the time
lags inherent in site-restoration projects. Therefore, wetland
monitoring must examine categories, locations, quantities,
and timing of various lost and gained wetlands, and must
incorporate these into performance evaluations of various
levels of government.
Fifth, we must identify important areas for biodiversity conser-

vation, where dam construction should be avoided to keep the
corresponding terrestrial endangered species from disappearing
because of flooding or keep aquatic life from being isolated by
dams. This recommendation builds on the literature regarding
the largely harmful impacts of water surface increase in aquatic
biodiversity but also the direct, permanent destruction of terres-
trial species in flooded areas [27].

Conclusion
Our analysis of the hidden loss of wetlands in China presents a
template for global wetland analysis and conservation, pointing
out the risks related to the no-net-loss policy adopted world-
wide. Wetlands are threatened globally. This warrants efforts
toward understanding their long-term changes for wetland man-
agement [35]. Furthermore, it is also crucially important to docu-
ment and understand by what categories, at what locations, and
at what magnitudes wetland changes have taken place or will
likely take place. Equally important are insights about what fac-
tors drive these changes and at what temporal and spatial scales
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the socio-ecological impacts may unfold on the corresponding
landscapes. Policymakers may seek simple statistics to monitor
changes and assess policies (e.g., no net wetland loss), but
the examples we present here may stand as warnings of hidden
losses and risks.

In ways similar to China, many countries are facing problems
due to rapid urbanization and agricultural expansion, climate
change, and others [36]. Understanding compositional
changes hidden in simple statistical summaries aids in identi-
fying the factors threatening wetland ecosystems elsewhere,
which turns out to be essential to proposing countermeasures
for long-term wetland conservation. Therefore, it is critically
important to understand wetland changes, plan conservation
efforts, and spend related resources in the framework we pro-
pose. Conserving wetlands under the framework we propose
will facilitate China fulfilling its commitments for biodiversity
conservation in response to the 2020 Global Biodiversity Tar-
gets [37, 38]. More broadly, wetland conservation in this
manner will likely accelerate the process of achieving the
more ambitious goal of protecting 30% (50% by 2050) of the
oceans and land by 2030, realizing China’s blueprint for
‘‘ecological civilization’’ [39]. Furthermore, this framework will
likely empower the global community to conserve wetlands
and natural habitats effectively (Target 5 of the Aichi Biodiver-
sity Targets), achieve the target of restoring at least 15% of
degraded ecosystems by 2020, and set up new targets in the
Convention’s 15th Conference of Parties in China.

STAR+METHODS

Detailed methods are provided in the online version of this paper
and include the following:

d KEY RESOURCES TABLE
d LEAD CONTACT AND MATERIALS AVAILABILITY
d METHOD DETAILS

B Background
B Landcover mapping
B Wetland change detection and driving forces
B Wetland assessment framework

d QUANTIFICATION AND STATISTICAL ANALYSIS
d DATA AND CODE AVAILABILITY

SUPPLEMENTAL INFORMATION

Supplemental Information can be found online at https://doi.org/10.1016/j.

cub.2019.07.053.

ACKNOWLEDGMENTS

This work was supported by the Strategic Priority Research Program of the

Chinese Academy of Sciences (XDA19050500) and Science and Technology

Service Network Initiative of the Chinese Academy of Sciences (KFJ-

STSZDTP-010-02).

AUTHOR CONTRIBUTIONS

W.X., S.L.P., J.L., and Z.O. designed research;W.X., X.F., J.M., Y.Z., X.L., Y.X.,

B.W., and L.Z. performed research; W.X., X.F., J.M., L.K., and L.Z. analyzed

data; and W.X., S.L.P., H.Z., J.L., L.A., X.W., and Z.O. wrote the paper.

DECLARATION OF INTERESTS

The authors declare no competing interests.

Received: March 23, 2019

Revised: May 18, 2019

Accepted: July 17, 2019

Published: August 29, 2019

REFERENCES

1. Conservation Foundation (1988). Protecting America’s Wetlands: An

Action Agenda: The Final Report of the National Wetlands Policy Forum

(Conservation Foundation).

2. Murray, N.J., Clemens, R.S., Phinn, S.R., Possingham, H.P., and Fuller,

R.A. (2014). Tracking the rapid loss of tidal wetlands in the Yellow Sea.

Front. Ecol. Environ. 12, 267–272.

3. Wang, D. (2009). Population status, threats and conservation of the

Yangtze finless porpoise. Chin. Sci. Bull. 54, 3473.

4. IPBES (2019). Summary for policymakers of the global assessment report

on biodiversity and ecosystem services of the Intergovernmental Science-

Policy Platform on Biodiversity and Ecosystem Services. https://www.

ipbes.net/sites/default/files/downloads/spm_unedited_advance_for_

posting_htn.pdf.

5. Pimm, S.L., Jenkins, C.N., Abell, R., Brooks, T.M., Gittleman, J.L., Joppa,

L.N., Raven, P.H., Roberts, C.M., and Sexton, J.O. (2014). The biodiversity

of species and their rates of extinction, distribution, and protection.

Science 344, 1246752.

6. Ramsar Convention onWetlands (2018). Global Wetland Outlook: State of

the World’s Wetlands and Their Services to People 2018 (Ramsar

Convention Secretariat).

7. National Research Council (2001). Compensating for Wetland Losses un-

der the Clean Water Act (National Academy Press).

8. Dahl, T.E.; U.S. Department of the Interior; U.S. Fish and Wildlife Service;

Fisheries and Habitat Conservation (2011). Status and trends of wetlands

in the conterminous United States 2004 to 2009. https://www.fws.gov/

wetlands/Documents/Status-and-Trends-of-Wetlands-in-the-Conterminous-

United-States-2004-to-2009.pdf.

9. Hossler, K., Bouchard, V., Fennessy, M.S., Frey, S.D., Anemaet, E., and

Herbert, E. (2011). No-net-loss not met for nutrient function in freshwater

marshes: recommendations for wetland mitigation policies. Ecosphere

2, 1–36.

10. Qu!etier, F., Regnery, B., and Levrel, H. (2014). No net loss of biodiversity or

paper offsets? A critical review of the French no net loss policy. Environ.

Sci. Policy 38, 120–131.

11. Song, W., and Pijanowski, B.C. (2014). The effects of China’s cultivated

land balance program on potential land productivity at a national scale.

Appl. Geogr. 46, 158–170.

12. Zhang, C., Tong, L., and Liu, J. (2008). Evaluation of coordinated develop-

ment of arable land and wetlands in Sanjiang Reserve. Scientia

Geographica Sinica 28, 343–347.

13. Yao, T. (2010). Glacial fluctuations and its impacts on lakes in the southern

Tibetan Plateau. Chin. Sci. Bull. 55, 2071.

14. Tang, H.Y., Zhai, P., andWang, Z.Y. (2005). On change in mean maximum

temperature, minimum temperature and diurnal range in China during

1951–2002. Clim. Environ. Res. 10, 728–735.

15. Ding, Y.H., and Zhang, L. (2008). Intercomparison of the time for climate

abrupt change between the Tibetan Plateau and other regions in China.

Chin. J. Atmos. Sci. 32, 794–805.

16. Lu, A.X. (2005). Study on the fluctuations of typical glaciers and lakes in the

Tibetan Plateau using remote sensing. J. Glaciol. Geocryol. 27, 783–792.

17. An, S., Li, H., Guan, B., Zhou, C., Wang, Z., Deng, Z., Zhi, Y., Liu, Y., Xu, C.,

Fang, S., et al. (2007). China’s natural wetlands: past problems, current

status, and future challenges. Ambio 36, 335–342.

6 Current Biology 29, 1–7, September 23, 2019

Please cite this article in press as: Xu et al., Hidden Loss of Wetlands in China, Current Biology (2019), https://doi.org/10.1016/j.cub.2019.07.053

https://doi.org/10.1016/j.cub.2019.07.053
https://doi.org/10.1016/j.cub.2019.07.053
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref1
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref1
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref1
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref2
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref2
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref2
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref3
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref3
https://www.ipbes.net/sites/default/files/downloads/spm_unedited_advance_for_posting_htn.pdf
https://www.ipbes.net/sites/default/files/downloads/spm_unedited_advance_for_posting_htn.pdf
https://www.ipbes.net/sites/default/files/downloads/spm_unedited_advance_for_posting_htn.pdf
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref5
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref5
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref5
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref5
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref6
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref6
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref6
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref7
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref7
https://www.fws.gov/wetlands/Documents/Status-and-Trends-of-Wetlands-in-the-Conterminous-United-States-2004-to-2009.pdf
https://www.fws.gov/wetlands/Documents/Status-and-Trends-of-Wetlands-in-the-Conterminous-United-States-2004-to-2009.pdf
https://www.fws.gov/wetlands/Documents/Status-and-Trends-of-Wetlands-in-the-Conterminous-United-States-2004-to-2009.pdf
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref9
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref9
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref9
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref9
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref9
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref9
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref10
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref10
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref10
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref10
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref11
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref11
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref11
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref12
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref12
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref12
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref13
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref13
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref14
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref14
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref14
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref15
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref15
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref15
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref16
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref16
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref17
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref17
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref17


18. Liu, J., Yang, W., and Li, S. (2016). Framing ecosystem services in the tele-

coupled Anthropocene. Front. Ecol. Environ. 14, 27–36.

19. Wang, Z., Wu, J., Madden, M., andMao, D. (2012). China’s wetlands: con-

servation plans and policy impacts. Ambio 41, 782–786.

20. Tang, D., and Xu, G. (2002). Implementation status and effectiveness on

the conversion of villages and agricultural land to lakes for flooding

discharge. Jiangxi Hydraul. Sci. Technol. 28, 234–236.

21. State Forestry Administration. (2000). China’s National Wetland

Conservation Action Plan (China Forestry Publishing House).

22. Jiang, B., Wong, C.P., Chen, Y., Cui, L., and Ouyang, Z. (2015). Advancing

wetland policies using ecosystem services—China’s way out. Wetlands

35, 983–995.

23. Niu, Z., Zhang, H., Wang, X., Yao, W., Zhou, D., Zhao, K., Zhao, H., Li, N.,

Huang, H., Li, C., and Yang, J. (2012). Mapping wetland changes in China

between 1978 and 2008. Chin. Sci. Bull. 57, 2813–2823.

24. Solomon, S., Plattner, G.-K., Knutti, R., and Friedlingstein, P. (2009).

Irreversible climate change due to carbon dioxide emissions. Proc. Natl.

Acad. Sci. USA 106, 1704–1709.

25. Li, Z. (2014). Glacier and lake changes across the Tibetan Plateau during

the past 50 years of climate change. J. Resour. Ecol. 5, 123–131.

26. Gong, P., Niu, Z., Cheng, X., Zhao, K., Zhou, D., Guo, J., Liang, L., Wang,

X., Li, D., Huang, H., and Wang, Y. (2010). China’s wetland change (1990–

2000) determined by remote sensing. Sci. China Earth Sci. 53, 1036–1042.

27. Yang, W., Sun, T., and Yang, Z. (2016). Does the implementation of envi-

ronmental flows improve wetland ecosystem services and biodiversity? A

literature review. Restor. Ecol. 24, 731–742.

28. Sun, Z., Huang, Q., Opp, C., Hennig, T., and Marold, U. (2012). Impacts

and implications of major changes caused by the Three Gorges Dam in

the middle reaches of the Yangtze River, China. Water Resour. Manage.

26, 3367–3378.

29. Liu, J., Viña, A., Yang, W., Li, S., Xu, W., and Zheng, H. (2018). China’s

environment on a metacoupled planet. Annu. Rev. Environ. Resour. 43,

1–34.

30. Bradshaw, A.D. (1996). Underlying principles of restoration. Can. J. Fish.

Aquat. Sci. 53, 3–9.

31. Hobbs, R.J., and Harris, J.A. (2001). Restoration ecology: repairing the

Earth’s ecosystems in the new millennium. Restor. Ecol. 9, 239–246.

32. Bendor, T. (2009). A dynamic analysis of the wetland mitigation process

and its effects on no net loss policy. Landsc. Urban Plan. 89, 17–27.

33. Zheng, H., Robinson, B.E., Liang, Y.-C., Polasky, S., Ma, D.-C., Wang,

F.-C., Ruckelshaus, M., Ouyang, Z.-Y., and Daily, G.C. (2013). Benefits,

costs, and livelihood implications of a regional payment for ecosystem

service program. Proc. Natl. Acad. Sci. USA 110, 16681–16686.

34. Gutrich, J.J., and Hitzhusen, F.J. (2004). Assessing the substitutability of

mitigation wetlands for natural sites: estimating restoration lag costs of

wetland mitigation. Ecol. Econ. 48, 409–424.

35. Davidson, N.C. (2014). How much wetland has the world lost? Long-term

and recent trends in global wetland area. Mar. Freshw. Res. 65, 934–941.

36. Finlayson, C.M., and Rea, N. (1999). Reasons for the loss and degradation

of Australian wetlands. Wetlands Ecol. Manage. 7, 1–11.

37. Xu, H., Ding, H., Ouyang, Z., Zhang, W., Cui, P., Weihua, X., Liu, L., Wu, J.,

Lu, X., Cao, M., et al. (2016). Assessing China’s progress toward the 2020

Global Biodiversity Targets. Acta Ecol. Sin. 36, 3847–3858.

38. Baillie, J., and Zhang, Y.-P. (2018). Space for Nature (American

Association for the Advancement of Science).

39. Xiao, L., and Zhao, R. (2017). China’s new era of ecological civilization.

Science 358, 1008–1009.

40. Wu, B., Qian, J., Zeng, Y., et al. (2017). Land Cover Atlas of the People’s

Republic of China (1:1,000,000) (SinoMaps Press).

41. Jiang, W., Wang, W., Chen, Y., Liu, J., Tang, H., Hou, P., and Yang, Y.

(2012). Quantifying driving forces of urban wetlands change in Beijing

City. J. Geogr. Sci. 22, 301–314.

42. Mao, D., Luo, L., Wang, Z., Wilson, M.C., Zeng, Y., Wu, B., and Wu, J.

(2018). Conversions between natural wetlands and farmland in China: a

multiscale geospatial analysis. Sci. Total Environ. 634, 550–560.

43. Mao, D., Wang, Z., Wu, J., Wu, B., Zeng, Y., Song, K., Yi, K., and Luo, L.

(2018). China’s wetlands loss to urban expansion. Land Degrad. Dev.

29, 2644–2657.

44. General Office of the State Council (2016). Scheme on Wetlands

Protection and Restoration System, Volume 2108. http://www.gov.cn/

zhengce/content/2016-12/12/content_5146928.htm.

45. Ouyang, Z., Zheng, H., Xiao, Y., Polasky, S., Liu, J., Xu, W., Wang, Q.,

Zhang, L., Xiao, Y., Rao, E., et al. (2016). Improvements in ecosystem ser-

vices from investments in natural capital. Science 352, 1455–1459.

Current Biology 29, 1–7, September 23, 2019 7

Please cite this article in press as: Xu et al., Hidden Loss of Wetlands in China, Current Biology (2019), https://doi.org/10.1016/j.cub.2019.07.053

http://refhub.elsevier.com/S0960-9822(19)30933-9/sref18
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref18
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref19
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref19
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref20
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref20
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref20
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref22
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref22
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref22
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref23
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref23
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref23
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref24
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref24
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref24
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref25
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref25
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref26
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref26
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref26
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref27
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref27
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref27
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref28
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref28
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref28
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref28
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref29
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref29
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref29
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref30
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref30
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref31
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref31
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref32
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref32
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref33
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref33
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref33
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref33
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref34
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref34
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref34
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref35
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref35
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref36
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref36
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref37
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref37
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref37
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref38
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref38
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref39
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref39
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref40
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref40
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref41
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref41
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref41
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref42
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref42
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref42
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref43
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref43
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref43
http://www.gov.cn/zhengce/content/2016-12/12/content_5146928.htm
http://www.gov.cn/zhengce/content/2016-12/12/content_5146928.htm
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref45
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref45
http://refhub.elsevier.com/S0960-9822(19)30933-9/sref45


STAR+METHODS

KEY RESOURCES TABLE

LEAD CONTACT AND MATERIALS AVAILABILITY

Requests for further information should be directed to and will be fulfilled by the Lead Contact, Zhiyun Ouyang (zyouyang@rcees.ac.
cn). This study did not generate any reagents.

METHOD DETAILS

Background
China contains 10% of the world’s wetlands. These wetlands play a critical role in sustaining China’s huge population by providing
various vital ecosystem services such as food, water, fiber, andmedicine [17]. Over the past half-century, China has lost 23.0% of its
freshwater marshes, 16.1% of lakes, and 15.3% of rivers [17] due to rapid economic developments, land reclamation [17, 23, 41–43],
and urbanization. On the other hand, wetland conservation and restoration efforts have generated an increase in wetland area since
2000. Climate change and dam construction — such as the Three Gorges Dam — might also contribute to these changes as we
discuss [23, 28].

The Chinese government has long recognized the importance of wetland protection, particularly after joining the Ramsar
Convention in 1992. To counter wetland loss and degradation, China has implemented several conservation and restoration policies
that we detail below. The culmination of these government-led wetland conservation efforts is China’s most recent policy of total
wetland area control (i.e., no net loss) in 2016, mandating that the total area of wetlands in the country should not decrease [44].

Numerous studies have examined wetland changes in China, generating important knowledge and understanding of wetland
dynamics and spatial distribution [23, 26, 42, 43]. Few of them quantified the relative contribution of different driving factors or
explored the ecological effects and implications of the observed changes with sufficient detail, however. This study fills this gap,
providing essential insights into global wetland conservation and restoration.

Landcover mapping
We used the broad definition of wetlands by Land Cover Classification System of the United Nations Food and Agriculture
Organization. Wetlands comprise areas of open water in different depths, including deep reservoirs, and marshes. The land cover
data came from The China Ecosystem Assessment projects from 2000 to 2010, and from 2010 to 2015 by the Chinese Academy
of Sciences and Ministry of Ecology and Environment. Charged with assessing the current status and trends in ecosystem patterns,
ecosystem quality, ecosystem services, and ecological problems, the assessment project between 2000 and 2010 involved over
3000 scientists from 2010 to 2014, with 20,355 multi-source satellite images and 114,500 field surveys [40, 45]. Following the
same procedure, the assessment of ecosystem changes between 2010 and 2015 was carried out from 2016 to 2018. Based on
30 m*30 m satellite images (i.e., Landsat TM/ETM, and HuanJing A/B) of the vegetation growth seasons, we classified the entire
land surface in mainland China into eight classes (i.e., forest, shrubs, grassland, wetland, agricultural land, urban land, deserts,
and others such as glaciers and bare land) using the object-oriented method by the platform of eCognition 8.0. Of these classes,
we further classified the wetlands into three classes of marshes, lake plus reservoirs, and rivers. Based on independent assessment
using 31658 sample points throughout the entire land surface, the overall classification accuracy was over 94% for the eight classes,
and 91% for wetlands [42].

Wetland change detection and driving forces
We calculated area of wetlands and detected wetland change by overlaying ecosystems maps in 2000 and 2015 by the platform of
ArcGIS. The converted areas from wetlands to other landcover types, and from others to wetlands were identified. We also analyzed
the contribution of different driving factors through conversion analysis. For wetland loss, we classified driving forces into urban
expansion, agricultural land expansion, and others by directly calculating different proportions of wetlands converted to urban areas,
to agricultural land, or to other types of ecosystems.

For wetland gain, we classified it by driving factors of climate change, dam construction, wetland restoration, and others. The final
step combined the conversion matrix and locations of each driving factor (Figure S1).

REAGENT or RESOURCE SOURCE IDENTIFIER

Other

China’s landcover [40] N/A

Dam construction information National Energy Administration in China http://www.dam.com.cn/damView/list.jsp
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(i) Climate change
The Qinghai-Tibetan plateau was a major region for wetland expansion between 2000 and 2015. Here, the temperature increased
over 50 years and especially since 1980s [14]. This region has 84% of the total glacial area in China [13]. Climate warming prompted
glaciers to melt, which increased the water supply for lakes and rivers. In this less human disturbed region, 94% of the expanded
wetland area was at least 5 km away from urban or township areas (Figure S2). Climate change was therefore regarded as the direct
and leading cause of wetland expansion [25]. Thus, we attributed wetland expansion areas in this region to climate change, by
overlaying the maps of wetland expansion and Qinghai-Tibetan plateau [16].
(ii) Dam construction
Between 2000 and 2015, China undertook over 80 major dam construction projects, mainly in the south. We collected data on the
distribution of dams and related them to wetland expansion. When the water surface in the upper rivers of dams expanded from 2000
to 2015, but did not change down rivers, we attributed the expanded water surface to dam construction (e.g., Figure 3B). Most of the
distribution data were from Large Dam Safety Supervision Center, National Energy Administration (http://www.dam.com.cn/
damView/list.jsp).
(iii) Wetland restoration projects
After massive flooding in the middle and lower reaches of the Yangtze River in 1998, China established several wetland restoration
projects. In addition, the National Wetland Conservation Program established wetland restoration projects in 2003 throughout China.
Since the wetland restoration projects are scattered throughout China, we only calculated the area of wetland expansion converted
from agricultural land. This calculation excluded the Qinghai-Tibet region and dam construction areas where wetland expansion was
not due to the wetland restoration projects.
(iv) Others
We attributed remaining wetland expansion to this category. This could be caused by climate related changes (e.g., changes in tem-
perature, precipitation, and evapotranspiration) or changes in water utilization due to human factors (e.g., agricultural, industrial, and
domestic purposes). We cannot distinguish the contributions of each factor, however.

Wetland assessment framework
We propose a framework that aims to understand wetland changes and examine the suitability of the ‘‘no net loss’’ target. Under this
framework, it must bemechanistically aware— in the case for China’s wetlands, we documented and understoodwhat reasons have
accounted for wetland changes. Furthermore, it must be temporally mindful, categorically distinct, and spatially explicit, addressing
at what temporal scales, by what categories, where these changes take place, and what spill-over effects may arise. Finally, it should
be quantitatively clear, answering at what magnitudes changes have taken place or will take place.

QUANTIFICATION AND STATISTICAL ANALYSIS

The areas of different landcover types were calculated in ArcGIS, which were explained in detail in Method Details.

DATA AND CODE AVAILABILITY

Landcover data are available from scientific database of the Chinese Academy of Sciences (http://www.ecosystem.csdb.cn/). Other
data in this paper are publicly available or presented in this paper and Supplemental Information.
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Figure S1. Locations of Qinghai-Tibet region (subject to strong impacts 
from climate change) and major reservoirs and dams constructed 
between 2000 and 2015. Related to Figure 2 and STAR Methods. 
 



 

Figure S2. Locations of expanded wetlands and different distance to 
residential areas in Qinghai-Tibet region. Related to Figure 3 and STAR 
Methods. 
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