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Editorial on the Research Topic
Wetland ecosystems as important greenhouse hotspots

Wetlands are highly valued for their rich diversity (flora and fauna), hydrological attributes,
ecological productivity, and ecosystem services. Furthermore, wetlands behave as a potential
source/sink of atmospheric greenhouse gases (GHG, especially CH4) as well as supporting
carbon (C) sequestration, thereby contributing to the global C balance. The dense vegetation
patterns, algal activity, and terrestrial soils of wetland ecosystems regulate organic matter (OM)
decomposition processes, producing a significant amount of global GHG (Lian et al.).
Conversely, some types of wetlands may be more efficient at capturing atmospheric C than
rainforests. Pant et al. (2003) highlighted that wetlands are invaluable C sinks, contributing the
highest C density among terrestrial ecosystems, while floods suppress CO2 emissions but also
generate a significant amount of methane (Zhang et al., 2020). Although wetlands occupy only
5%–8% of the earth’s land surface, they regulate ~68% of terrestrial soil C reserves, thereby
playing a decisive role in global C budgets. In recent decades, anthropogenic activities in
numerous catchments alter the geochemical process (Khan et al.). Moreover, rapid increases in
urbanization have disturbed land use and land cover (LULC), thereby increasing atmospheric
GHG concentrations. Globally, carbon dioxide (CO2) has been increasing at 1.7 ppmv yr−1

(equivalent to 46% yr−1) resulting in global warming and numerous associated impacts on
ecosystems and human societies. Thus, mitigation of global warming is a central theme of
worldwide discourse (UNSECC, 2022).

Wetland ecosystems have often been neglected, despite providing a wealth of provisioning,
regulatory, cultural, and supporting services valuable to humans. Recently, Peng et al. (2022)
quantified changes in CH4 sources and atmospheric sinks in 2020 compared with 2019, finding
that globally, “total anthropogenic emissions decreased by 1.2 ± .1 teragrams of methane per
year (Tg CH4 yr−1), fire emissions decreased by 6.5 ± .1 TgCH4 yr

−1 yet wetland emissions
increased by 6.0 ± 2.3 TgCH4 yr

−1”. A balance between these exchanges is vital to understand
how restoration or expansion of wetlands areas can help to mitigate climate change. Since the
1900s, due to LULC changes about 64%–71% of wetlands ecosystems have been degraded or
lost, which has affected their nutrient concentrations and dynamics resulting in GHG emissions
(Davidson, 2014). However, the state of those that remain is unclear. The prime goal of this
Research Topic is to provide an opportunity for global scientists to understand wetland
hydrology, the process and transport mechanism of OM degradation, and key factors
influencing GHG emissions so that nature-based cimatic solutions can be implemented
systematically Figure 1.
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A recent global meta-analysis found that natural wetlands were “net
sinks of atmospheric CO2 and net sources of CH4 andN2O, exhibiting the
capacity to mitigate greenhouse effects due to negative comprehensive
global warming potentials (GWPs; -.9 to -8.7 t CO2 -eq ha

−1 year−1)” (Tan
et al., 2020). This analysis and other studies further highlight that the
spatio-temporal variability in GHG emission is primarily sensitive to
changes in water temperature, surface water content, chlorophyll-a, soil
nitrogen content, bulk density, and soil pH (Kumar et al., 2022; Liu et al.;
Malyan et al., 2022; Zhou et al., 2022).

Wetlands including reservoirs are the hotspot of CH4 emissions
and accounted for about 1/3rd of total anthropogenic and natural CH4

emissions. Wetlands located in tropical and subtropical eco-regions
contribute nearly 50% of total wetland CH4 emissions (equivalent to
over 80% of natural sources), due to high temperatures, a large change
in drying and wetting cycles, and large areas of inundated wetlands
(Zhang et al., 2017). For example, Yang et al. found large uncertainty
in the GHG measurements and predictions due to the paucity of
available datasets and stated that large-scale field measurements are
required in a range of environmental contexts, especially in less
studied areas of tropical eco-regions, to understand the key factors
impacting the GHG potential.

Zou et al. (2022) stated that between 2021 and 2100, wetlands emit
~408 gigatons (Gt) of CO2. However, the rewetting effect could reduce
GHG potential at a large scale. Notably, GHG budgets from wetland

ecosystems are highly sensitive to changes in the wetland area and
shallower groundwater table (Peng et al., 2022). Therefore, the
resulting impact on future climates could be depending on the
balance between future restoration and degradation. Bridgham
et al. (2013) reveal that major uncertainties in estimating GHG
emissions, in particular CH4 emissions, from wetlands ecosystems
include: i) several important controls over transport, consumption,
and production of CH4 not being inadequately considered in the
existing biogeochemistry models ii) errors in the local, national and
global emission estimates mainly due to large spatial-scale
extrapolations from poorly mapped wetland complexes iii) limited
Spatio-temporal GHG datasets and factors impacting emission loosely
constrains the parameterization of process-based biogeochemistry
models. Thus, long-term in situ measurements of CH4 emissions
from managed and natural wetlands are therefore crucial for
précised GHG estimation and prediction.

Guest editors involved in this Research Topic hope that the
review/research/mini articles published will help environmentalists,
policymakers, water resources planners and managers to understand
the carbon storage and release dynamics of natural and artificial
wetland ecosystems. Guest editors further highlight that changes in
LULC play a vital role in stimulating GHG fluxes, which therefore
need more attention to modeling (e.g., land surface models) and the
framing of new land-use and artificial wetland (e.g., reservoir)

FIGURE 1
Schematic diagramofwetland emission, transport, and pathways [modified from Limpert et al., 2020; particulate organicmatter (POC), dissolved organic
carbon (DOC)].
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management policies at regional and global scales. Multidisciplinary
approaches integrating hydrology, geomorphology, sediment
dynamics, and biology, are urgently needed to resolve problems of
wetland degradation and loss, and for fruitful restoration and
conservation of wetland ecosystems to enhance their capacity to
sequester GHGs and reduced emissions whilst also providing
valued ecosystems services. Comyn-Platt et al., 2018.
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