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Blue Carbon Sink Function of Chinese Coastal Wetlands and Carbon Neutrality
Strategy

Abstract

Coastal wetlands are the main body of the coastal "blue carbon (C)" ecosystem, and their "blue C" and
ecosystem service function are important ocean-based climate change governance methods, which is a
"nature-based solution". Chinese coastal wetlands are dominated by salt marshes, with little area of
mangroves, while the area of unvegetated tidal flats is large. According to conservative estimation, the
current C sequestration of coastal wetlands through sediment burial in China reaches to 0.97 Tg C-a-1,
and would increase to 1.82-3.64 Tg C-a-1 at the end of this century. To achieve the commitment of "C
neutrality” in 2060, China should strengthen scientific research on coastal wetlands, protect the integrity
of the structure and function of the existing coastal wetland ecosystems, stop destructive coastal
wetlands development activities, and actively and steadily promote the ecological restoration of coastal
wetlands, restore and enhance its "blue C" function, and benefit from C sink gains while protecting the
nature.
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Abstract: Coastal wetlands are the main body of the coastal blue carbon (C) ecosystem. Improving the blue C sink
of coastal wetlands is an important ocean-based climate change governance method, which is a nature-based solu-
tion. Chinese coastal wetlands are dominated by salt marshes, with a small area of mangroves while a large area of
unvegetated tidal flats. According to conservative estimation, the current C sequestration of coastal wetlands
through sediment burial in China reaches 0. 97 Tg C-a”' and would increase to 1.82-3.64 Tg C-a ' at the end of this
century. To achieve the commitment of C neutrality in 2060, China should strengthen scientific research on coastal
wetlands, protect the integrity of the structure and function of the existing coastal wetland ecosystems, stop destruc-
tive development activities on coastal wetlands, and actively and steadily promote the ecological restoration of
coastal wetlands, restore and enhance its blue C function, and benefit from C sink gains while protecting the nature.
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Coastal wetlands include salt marshes and mangroves.
Affected by periodic tidal inundation, coastal wetlands dis-
play a powerful carbon sink function, playing an important
role in reducing carbon dioxide (CO,) concentration and
mitigating global climate change [, The carbon sequestered
by coastal wetlands and seagrass beds is called coastal blue
carbon !, corresponding to green carbon of terrestrial vege-
tation. The net carbon flux (difference between influx and
efflux) from the atmosphere by oceans is 2.3 Pg C-a ' per
year, and that by terrestrial ecosystems is 2.6 Pg C-a' ), It is
traditionally believed that blue carbon is stored mainly
through physical carbon solubility pump (dissolution of at-
mospheric CO, into seawater), biological pump (uptake and
conversion of CO, by plants through photosynthesis, fol-
lowed by deposition to the seafloor), and marine carbonate
pump (uptake, conversion and release of carbon by marine
organisms such as shellfish and coral reefs) on different time
scales Y. According to UN assessment 1°), half of the carbon
sequestered by living marine organisms is in the coastal blue
carbon ecosystem. Coastal wetland, as an important type of
coastal blue carbon ecosystems [, has a huge carbon se-
questration capacity %, providing nature-based solutions and
serving an important ocean-based climate change governance
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approach. While mitigating greenhouse gas emissions,
coastal wetlands can bring economic and social benefits to
coastal countries and even the world. The annual carbon
burial per square kilometer of coastal wetland is estimated to
be 0.22 Gg C, equivalent to 3.36 x 10° L carbon dioxide
(CO,) emitted from gasoline combustion!”. Therefore, as-
sessing the carbon sink capacity, carbon sequestration poten-
tial, and ecosystem services of coastal wetlands is essential for
drafting the measures for emission reduction and carbon sink
gains. It serves as a theoretical basis of government action
plans to address climate change as well as a springboard for
China to achieve the goal of carbon neutrality.

1 Blue carbon sequestration and its mechanism
of in coastal wetlands

Coastal wetlands prevail over terrestrial ecosystem in the
rapid and long-term carbon sequestration **%). The carbon
released by plant and soil respiration in terrestrial ecosystem
keeps increasing as plants grow and soil organic matter ac-
cumulates. Therefore, the carbon sequestration capacity of
terrestrial ecosystem will be saturated in decades or centuries.
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ence Foundation for Distinguished Young Scholars of Guangdong Province.
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Then, the carbon absorbed by plants through photosynthesis
is balanced with the carbon released by the respiration of
plants, microorganisms and animals in the system, thus
leading to zero net carbon sequestration capacity '%. The litter
of plants in coastal wetlands will be deposited in the soil. Un-
like the sedimentary organic matter in terrestrial ecosystem,
the decomposition of sedimentary organic matter in coastal
wetlands is greatly moderated by tidal reciprocation. As sea
level rises, sediments in coastal wetlands will be accumulated
and buried into deeper soil layers, which is unfavorable to the
degradation of organic matter. The carbon in the sediments
without being released back to the atmosphere will remain
stable in hundreds to tens of thousands of years, capable of
being steadily and constantly stored . In addition, the pres-
ence of large amounts of sulfate ions in seawater can suppress
the emissions of methane (CH,) in coastal wetlands compared
with that in freshwater wetlands. Obviously, coastal wetlands
are better in carbon sequestration, with their carbon burial rate
per unit area tens to thousands of times higher than that of
terrestrial forests . Therefore, in the long term, compared
with terrestrial ecosystem, coastal wetlands exhibit stronger
carbon sequestration and better ecosystem services. Therefore,
coastal wetlands are an important channel for humans to ad-
dress the current climate change "),

The carbon sequestration of coastal wetlands can be
measured by the carbon burial rate and the exchange of at-
mospheric CO, with dissolved inorganic carbon (DIC), dis-
solved organic carbon (DOC), and particulate organic carbon
(POC) in the seawater through tidal action ' (Figure 1). On a
global scale, salt marshes cover an area of 6.23 x 10* km’
while mangroves cover an area of 14 x 10* km*!"*'¥, Ac-
cording to the global distribution of coastal salt marshes and
mangroves as well as the studies of organic matter deposition
rates in coastal areas, Wang et al. "> estimated global carbon
burial rate of salt marshes and mangroves to be 53.65 Tg
Cal, equivalent to 196.71 Tg CO,-a ', which was 0.6% of
the annual emissions by human activities. The carbon burial

Intertidal zone

rate of coastal wetland per unit area was about 15 folds and
50 folds of the carbon sequestration rate of terrestrial eco-
system and marine ecosystem, respectively, being particu-
larly high. Moreover, this figure is only for the vertical
carbon burial rate, and much carbon will be transported to the
ocean in the form of DIC, POC and DOC through tidal
movement and the exchange with the ocean, which due to
methodological limits, has been rarely reported. However, it
has been shown that the inorganic carbon transported from
the coastal wetlands into the ocean by tides far exceeds the
deposited organic carbon "%, Tt indicates that the actual an-
nual carbon sequestration capacity of coastal wetlands is far
beyond the conventionally estimated carbon burial rate.

2 Hot spots of research on blue carbon in
coastal wetlands

Since 2011, the research on the carbon sequestration
capacity of coastal blue carbon ecosystems has gradually
become an hot topic ", and China has founded several blue
carbon research projects in recent years ®'®l. Macreadie et
al. ") summarized 10 hot topics in blue carbon research, nine
of which were related to the blue carbon of coastal wetlands.
They are listed below. (1) How does climate change affect the
carbon accumulation of blue carbon system? (2) How does
human disturbance affect the carbon accumulation of blue
carbon system? (3) What are spatial and temporal patterns and
distribution of blue carbon ecosystem? (4) How does organic
and inorganic carbon cycling affect carbon emissions? (5)
How to estimate the source of carbon in blue carbon system?
(6) What are the factors that affect the rate of carbon burial in
blue carbon system? (7) What is the rate of greenhouse gas
exchange between blue carbon system and the atmosphere? (8)
How to reduce the uncertainty in blue carbon estimation? (9)
How to maintain and enhance the sequestration of blue car-
bon? More than hot research topics at present, these issues lead
the future research on coastal wetlands.
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In general, the amount, rate, process, and ecological ser-
vices of carbon sequestration in coastal wetlands remain to be
explored **. Although the concept of blue carbon was first
proposed by American scientists, American researchers are
not well-informed about the rate of blue carbon sequestration
of their domestic coastal wetlands. Most reports have focused
on the carbon stock of coastal wetlands, without systematic
summary of carbon fluxes and ecosystem service func-
tions*' 1. To fill this gap, Chinese researchers employed
carbon deposition data of coastal wetlands and the wetland
survey data to systematically estimate the current national-
wide carbon burial capacity of coastal wetlands in the United
States . Based on the climate model prediction data of the
Intergovernmental Panel on Climate Change (IPCC) and the
simulation data of global coastal wetland area, the empirical
model of carbon sequestration rate with climate factors was
established. A vision was proposed that the carbon burial ca-
pacity of global coastal wetlands would keep increasing by the
end of the 21st century '*. This is the first systematic estima-
tion and prediction of the blue carbon burial rates in coastal
wetlands on the national scale (US) and the global scale. Un-
fortunately, systematic model prediction of the carbon se-
questration function of coastal wetlands in China remains
vacant .

Coastal wetlands are sensitive and vulnerable to global
change. How their carbon sequestration responds to human
activities and environmental changes is a hot topic in blue
carbon research. On one hand, habitat destruction and envi-
ronmental pollution caused by human activities have seriously
affected the health and thus the carbon sequestration of coastal
wetlands *. In recent decades, the demands spurred by
growing population and booming economic development have
led to dramatic change in coastal land use around the
globe *'*7. The past century has witnessed the significant
reduction in the carbon sink and carbon reserve of coastal
wetlands. Human activities and environmental changes, such
as enclosing tideland for cultivation, sea reclamation, and
shore protection embankment, as well as changes in environ-
mental factors such as the increases in nutrient salts and tem-
perature, lead to the continuous decrease in carbon sink in
coastal wetlands .. In the United States, for example, frequent
human activities have declined the coastal wetland area by
more than 50% compared with that before industrial revolu-
tion ****), In the wake of human awareness of the carbon sink
function of coastal wetland ecosystems %, how to conserve
coastal wetland resources and effectively restore damaged
wetlands has become a major issue in ecological restora-
tion """, During the restoration of coastal wetlands, signifi-
cant changes will take place in carbon cycle. Effective
ecological restoration will reduce wetland CH4 emissions and
promote plant growth '), thereby increasing the rate of organic
matter deposition and thus the carbon sequestration and eco-
system service functions of wetlands '*****. In addition to the
change in land use caused by human activities, coastal wet-
lands in the context of global climate change are subjected to

eutrophication, temperature rise, and sea-level elevation,
which changes plant growth and succession, especially alters
the production and decomposition associated with carbon
cycle, ultimately affecting the carbon sequestration B3 A
10-year simulation experiment on nitrogen fertilizer addition
in salt marshes of the United States confirmed that the increase
in seawater nitrogen led to degradation of salt marshes **]
which further led to the reduction of their carbon sink function.
Sea-level rise is another major factor affecting the carbon sink
of coastal wetlands. Normally, sea-level rise results in organic
matter deposition. However, when the rate of sea-level rise
exceeds the deposition rate of coastal wetlands, these wetlands
will be gradually inundated by seawater ™!, leading to the
failure of continuous carbon sequestration ¢,

3 Carbon sink of coastal wetlands in China

China has 1.8 x 10* km of continental coastline and over 2 x
10° km® of continental shelf, with various types of wetlands.
This paper focuses on salt marshes, mangroves, and tidal
flats.

3.1 Salt marshes

Salt marshes have strong carbon sequestration capacity,
with an average carbon burial rate of 168 g C:m-a ' in the
sediments !"*). Salt marshes are the largest type of coastal blue
carbon ecosystem in China. The statistics of their total arca
vary due to taxonomic reasons. Zhou et al. *"! estimated the
salt marsh area in China to be 1 207—3 434 km®. According to
the global remote sensing data of salt marshes recognized by
United Nations Environment Programme "%, the area of salt
marshes in China was 5 448 km’!'"Y. The survey data ob-
tained by Ye ** in 2017 showed that the total area of vege-
tated coastal wetlands and tidal flats in China amounted to 9
862 km’. However, the latest nation-wide remote sensing
map of wetlands in China showed that the area of salt
marshes was only 2 979 km? ). The salt marshes in China
are mainly distributed in the Bohai Bay, the coasts of Jiangsu
Province and the Yangtze River estuary, and the tropical and
subtropical regions in southern China (Table 1). They mainly
grow salt-tolerant plants such as Suaeda salsa, Phragmites
australis, and Spartina alterniflora (Figure 1). S. alterniflora
is an alien species originating from North American salt
marshes. With strong adaptability and tolerance, it is the
dominant plant in North American salt marshes. In the 1980s,
S. alterniflora was introduced to China for land creation with
silt and shore protection in coastal areas. Nevertheless, it
gave rise to ecological problems such as the invasion of
barren wetlands and the threat to native plants and waterfowl
habitats %", As of 2015, the area of S. alterniflora-dominated
wetlands in China reached 546 km’, an expansion of 502 km®
from that in 1990. S. alterniflora is mainly distributed in
Jiangsu, Zhejiang, Fujian, and Shanghai ). These newly
colonized wetlands encroached 93% of the original coastal
tidal flats ™.



Table 1 Distribution and estimated C accumulation rate of coastal wetlands along coastlines of China in 2015

Provincial-level Area (km®) Carbon burial capacity (Gg C-a~ ')
administrative

region Salt marsh Mangrove Tidal flat Total Salt marsh Mangrove Tidal flat Total
Liaoning 974.73 0.00 0.01 974.73 162.78 0.00 0.00 162.78
Hebei 103.47 0.00 83.05 186.51 17.28 0.00 13.95 31.23
Tianjin 189.69 0.00 0.00 189.69 31.68 0.00 0.00 31.68
Shandong 421.34 0.00 342.08 763.42 70.36 0.00 57.47 127.83
Jiangsu 465.98 0.00 62.77 O2885 77.82 0.00 10.55 88.36
Shanghai 602.66 0.00 109.81 712.47 100.64 0.00 18.45 119.09
Zhejiang 76.60 1.06 217.40 295.06 12.79 0.21 36.60 49.60
Fujian 51.21 8.27 282.85 342.34 8.55 1.60 48.54 58.70
Guangdong 53.61 92.05 348.07 493.73 8.95 17.86 64.19 91.00
Guangxi 8.98 112.51 697.32 818.81 1.50 21.83 133.94 167.27
Hainan 15.67 36.30 50.31 102.28 2.62 7.04 9.37 19.02
Taiwan 15.41 7.36 180.75 203.53 257 1.43 31.89 35.89
Hong Kong 0.02 1.04 0.02 1.09 0.00 0.20 0.00 0.210
Macao 0.00 0.00 0.07 0.07 0.00 0.00 0.01 0.010
Total 2979.36 258.60 2374.51 5612.47 497.55 50.17 424.96 972.68

Note: The distribution data originated from Mao et al. ** and C accumulation rate was cited from Wang et al. !,

Using remote sensing data of salt marshes and the meas-

ured carbon burial rate of coastal wetlands, Wang et al. !'”]
estimated that the carbon burial rate of salt marshes in China
was 1.19 Tg C-a”', larger than the previous estimate of
0.26-0.75 Tg C-a'P" and the recent estimate of 0.16 Tg
C-a' by Fu et al. . The difference is mainly caused by the
larger area (5 448 km?) of salt marshes in China than that of
other data sources. In this paper, based on conservative es-
timate of wetland area (2 979 km?), the annual carbon burial
rate of salt marshes in China is 0.50 Tg C-a ' (Table 1).

3.2 Mangroves

Mangroves grow mainly in tropical and subtropical coastal
intertidal zones. On a global scale '*, the total area of man-
groves is about 1.4 x 10° km? , larger than the salt marsh area
of 6.23 x 10* km’. The annual carbon burial rate of global
mangrove sediments!" is 38.3 Tg C-a”', much greater than
that (12.6 Tg C-a') of salt marshes. Meanwhile, mangroves
can export 21 Tg C+a”' of POC and 24 Tg C-a”' of DOC to the
adjacent sea area '?\. Therefore, mangroves are considered the
most effective coastal ecosystems for carbon sequestration.

Globally speaking, China’s mangroves are located at the
northern edge of global mangrove distribution area, and they
are mainly located in Guangdong, Guangxi, Hainan, and

15]

Fujian. Wang et al. 'l estimated that the average carbon

burial rate of global mangroves was 194 ¢ C-m >-a”', while
that in China was about 0.05 Tg C-a', comparable to that in
other studies *7*?. It is much smaller than the carbon burial
rate of China’s salt marshes, mainly because of the too small
area of mangroves existing in China. According to the remote
sensing data, the area of mangroves in China was only 171
km?® in 2010, However, this figure is controversial. The
total area of mangroves in China in 2015 obtained by remote
sensing mapping by Mao et al. ** was 259 km®. According to
the latest data from the National Forestry and Grassland
Administration, mangroves in China have been recovering
rapidly over the past 10 years. The total area in 2020 is 289
km?, of which more than 70 km’ are mangroves recently
created and restored. However, even according to the recent
data on mangrove area, the current mangrove area in China is
only about 1/10 of the historical high (about 2 500 km? ) 1**¥,
The room for restoration remains large.

3.3 Tidal flats

Tidal flats, another important type of coastal ecosystems,
mainly include mudflat, sandy beach, and bedrock coast [45],
among which mudflat has a considerable carbon burial ca-

pacity “**7]_ As remote sensing data varies, the area of coastal
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tidal flats in China varies greatly. A nation-wide wetland
distribution map drawn by Mao et al. ** showed that the total
area of mudflat in China, 2015 was 2 374 km” , slightly lower
than the total area of salt marshes in China. Recent satellite
remote sensing showed that the area of coastal tidal flats
(including mudflats, rocky beaches, sandy beaches, and some
shallow seas) in China was 5 379-8 588 km®** % These
differences are attributed to the sources of satellite images
and shooting frequency °°!. In general, the area of coastal
tidal flats in China is very large, even larger than the total area
of salt marshes and mangroves combined. Coastal tidal flats
are dominated by mudflats, which have a high sediment
burial rate and strong carbon sequestration potential. The
buried carbon in these mudflat sediments is mainly from the
surrounding salt marshes and mangroves as well as the dep-
osition of POC and mineral-bound carbon from seawater 1°Y,
and therefore should be included in the calculation of blue
carbon sink of coastal wetlands. It has been proved that the
sedimentation rate and carbon burial capacity of mudflats are
equivalent to those of the surrounding salt marshes and
mangroves 34 On the basis of the most conservative
data of distribution area of coastal tidal flats **! and the car-
bon burial rates of their surrounding salt marshes and man-
groves Y, we estimate that the lower limit of carbon burial
rate of coastal tidal flats in China is about 0.42 Tg C-a ',
much higher than the carbon burial capacity of mangroves
and second only to that of salt marshes (Table 1).

In addition, the coastal tidal flats in China are confronted
with the invasion of S. alterniflora. Over the past three dec-
ades, nearly 467 km” of tidal flats have evolved into the salt
marshes dominated by S. alterniflora " (Figure 1). Com-
pared with the surrounding salt marshes and mangroves,
coastal tidal flats have low net ecosystem productivity, which
accounts for only 10%-20% of the former . The S. al-
terniflora invasion into tidal flats increases the input of plant
biomass and organic litter *>*%), and the dense coverage of S.
alterniflora slows water flow and accelerates sediment ac-
cumulation, thus increasing sedimentation rate ", In addi-
tion, S. alterniflora absorbs a large amount of nitrogen,
phosphorus, and other nutrient salts in the tidal flats, which
can reduce the input of terrestrial nutrient salts to offshore
eutrophic sea areas and improve offshore primary productiv-
ity. Overall, the total carbon sink of coastal tidal flats invaded
by S. alterniflora increases °* ). The invasion is conducive
to the carbon sequestration capacity of coastal wetlands in
China . However, the comprehensive service of the colo-
nized ecosystem remains to be estimated.

4 Development direction

recommendations

and policy

Coastal wetlands have a strong ecosystem service function
and high carbon sink, as well as powerful self-recovery ca-
pacity *®). Despite the challenges of human disturbance,

sea-level rise, and climate change, the total area of global
coastal wetlands is expected to increase to some extent by the
end of the 21st century °!. Its overall carbon sequestration
capacity, especially the carbon burial rate, will be im-
proved ). Because of the rapid sedimentation *?, the total
area, carbon sink, and services of China’s coastal wetlands
will still increase by the end of the 21st century in the absence
of human destruction and disturbance of natural shore-
lines ("), The results of model prediction "> showed that the
carbon burial capacity of coastal salt marshes and mangroves
in China would increase to 1.82-3.64 Tg C-a ' by the end of
the 21st century.

However, the total area of coastal wetlands in China is
limited. Land development activities such as beach reclama-
tion, fish and shrimp farming, urbanization, and industriali-
zation in the coastal zone in the past decades have drastically
reduced the area of coastal wetlands. The carbon sequestra-
tion and carbon sink potential of coastal wetlands have thus
decreased ™. From 1975 to 2017, the decline rate of natural
wetlands in China was 53.9% P%. Therefore, how to effec-
tively restore coastal wetlands, increase the area of wetlands,
reduce the damage to the natural shorelines, improve their
natural recovery capacity, and enhance the ecosystem service
function of existing coastal wetlands is of great significance
to the restoration and improvement of the blue carbon func-
tion of coastal wetlands in China.

At present, China finds it urged to strengthen the research,
protect the ecosystem integrity and services, and stop the
destructive development activities of coastal wetlands. These
measures will help avoid the rapid loss of blue carbon func-
tion, promote the ecological restoration of coastal wetlands,
and restore and enhance its blue carbon function. We can
benefit from the carbon sink gain while protecting nature, and
make the coastal wetland blue carbon contribute to the carbon
neutral strategy. Therefore, we put forward the following
recommendations to be strengthened in the subsequent re-
search and management policy of coastal wetlands.

(1) Establishing a field observation and research network
for coastal ecosystems. Typical coastal ecosystems should be
selected for the establishment of field observation and re-
search stations incorporated into the national field research
network. Through the networked observation of multiple
sites, we will gain an in-depth understanding of the ecosys-
tem structure and services of coastal wetlands, expound the
spatial and temporal patterns of carbon burial rate and
greenhouse gas emissions and their mechanisms, and conduct
systematic research on the community types with strong
carbon sequestration capacity.

(2) Systematically quantifying the blue carbon sequestra-
tion function of coastal wetlands in China. By simulating
human activities and climate change, and taking into account
geographic information system (GIS) and land remote sens-
ing data, we are expected to establish models to predict the
blue carbon function and its trend in different climate change
scenarios in the future. With the obtained results, we can
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expound the response and adaptation mechanisms of China’s
coastal wetlands to future climate change and human activi-
ties, improve the understanding toward the mechanism of
blue carbon sink enhancement of China’s coastal wetlands
and the prediction accuracy of carbon sink intensity, and
highlight their comprehensive ecosystem services.

(3) Systematically researching the coastal wetlands colo-
nized by alien species. Efforts should be made to compre-
hensively assess the ecological risks and negative emission
effects of alien species in coastal wetlands. These species can
be properly used to restore and create new salt marshes and
mangroves in the areas with favorable conditions.

(4) Building a demonstration area for integrated research
on the services of coastal wetlands. The systematic research
on the key drivers affecting the carbon sequestration of
coastal wetlands will facilitate the development of the regu-
lations and standards for coastal wetland restoration as well
as the corresponding technologies for carbon sink enhance-
ment. We will adopt different ecological countermeasures for
different types of coastal wetlands in China, maximizing their
service function.
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