Environmental Science and Ecotechnology 32 (2026) 100721

Contents lists available at ScienceDirect

Environmental Science and Ecotechnology

journal homepage: www.journals.elsevier.com/environmental-science-and-
ecotechnology/

11FOR s

Commentary
Reply to: Beyond carbon sequestration: The critical oversight of )
emission avoidance in restoration of wetland ecosystems e

Wu et al. [1] published a commentary on our study [2], in which
we challenged former models on the potential of global ecosystem
restoration to mitigate climate change via carbon capture and stor-
age, and came to the conclusions that tree planting [3,4] or
ecosystem restoration inclusive of other ecosystem types [5]
cannot realistically reduce atmospheric CO, levels or offset fore-
casted emissions. We found that the maximum amount of carbon
that can be recaptured by 2100 relative to the amount emitted
since the Industrial Revolution is 17.6%. However, emissions will
continue throughout the twenty-first century, and if we include
them using projected emission scenarios, the number drops to
3.7-12.0%. In addition, if we plan restoration targets (forest, shrub-
land, grassland, or wetland) to match future climates and consider
expected ecosystem state transitions due to climate change in
areas currently covered by natural ecosystems, even net-negative
values (i.e., carbon emissions) are plausible.

Given the inherent limitations of all global-scale models, we
had to make simplifications due to data availability, such as the
specificities of non-linear carbon sequestration in certain
ecosystem types after restoration [6], and changes in carbon
assimilation and decomposition rates under increased atmo-
spheric CO, concentrations. In their comment, Wu et al. [1] high-
lighted that we also ignored avoided emissions, especially in
wetlands, which represent a critical nature-based asset, where
emission avoidance outweighs carbon sequestration. While we
acknowledge that they raised a valid issue, it was a simplification
we had to adopt due to the lack of global databases on emission
rates from degraded wetlands and other ecosystems. However,
we do not see the issue as critical, neither for the predicted effect
of global restoration on the atmospheric carbon burden, nor for
diverting attention from wetland restoration.

Avoided emissions affect future carbon levels, so they do not
change our first numerical result: by 2100, we can capture no
more than 17.6% of the carbon emitted between the Industrial Rev-
olution and the present. The other results, however, are affected.
We therefore quantified the effect using the value cited by Wu
et al. [1], namely that degraded wetlands contribute 4% of annual
anthropogenic emissions. Given current annual emissions of
around 37 Gt COy [7], this fraction corresponds to about 1.5 Gt
CO,, equivalent to 0.41 Gt C per year. Following the restoration
timeline used in our original paper [2], we can schedule the resto-
ration of 20% of the degraded wetlands by 2030, with the remain-
ing 80% distributed evenly through 2100. Assuming the degraded
wetlands emit carbon at a constant rate until they are restored
at a certain time point, the total avoided emissions would amount
to 17.5 Gt C. Accordingly, our previous assumptions of total
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emissions to 2100, spanning SSP1-2.6 to SSP5-8.5 within the
Shared Socioeconomic Pathways framework, would shift from
808 to 2619 Gt C to 790-2601 Gt C. Under this adjustment, the
96.9 Gt C sequestration potential of ecosystem restoration would
increase from 3.7-12.0% to 3.7-12.3%, which seems negligible. In
addition, incorporating avoided emissions would require consid-
ering precluded sequestration. We assumed zero sequestration
in all restorable cropland, including non-intensive and marginal
croplands, although low-intensity cropland management
methods, such as no-till or mulching, can sustain carbon sinks in
croplands [8,9]. This simplifying assumption may therefore over-
estimate the sequestration potential of ecosystem restoration in
such areas.

Furthermore, we need to consider the current land use of
degraded wetlands to draw conclusions on the climate effects of
their restoration. Many wetlands are drained to enable afforesta-
tion, and restoration requires tree removal [10], leading to a
massive loss of biomass-locked carbon. It is an open question
whether this is counterbalanced by avoided emissions from the
soil. Wu et al. [1] emphasize that most degraded wetlands are
currently under intensive agricultural use, and it is an obsolete
view that such areas should be omitted in strategies to meet na-
tional climate goals. However, food demand is projected to in-
crease globally in the twenty-first century [11]. Losing cropping
area in one place may lead to cropland expansion elsewhere,
resulting in direct carbon loss from the destroyed ecosystem
[12], and indirect greenhouse gas emissions [13] arising from
increased transportation distances as current production is relo-
cated to more distant regions, for example from the Global North
to the Global South. In agreement with some of the former global
models (e.g., Ref. [3]), we thus maintain our view that intensive
croplands should be avoided in predictions, given their importance
in food and feed production and the potential leakage effects of
restoring them at scale. Finally, some drained wetlands are neither
afforested nor used for crop production but still function as wet-
lands, although degraded. The complete reinstatement of their bi-
otic species composition and water regime is better characterized
as improved management rather than restoration [14] and there-
fore fell outside the scope of our study.

Wu et al. [1] are also concerned that our results would divert
attention from wetland restoration. We believe that the opposite
is true. Globally, carbon sequestration is still often equated to
tree planting [15,16], and our inclusion of all four major terrestrial
ecosystem types lends similar leverage to both forested and open
ecosystems, including wetlands. We emphasize in the final conclu-
sion of our paper that ecosystem restoration should not be a tool
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for climate change mitigation but rather to promote biodiversity
conservation and the resilience of ecosystem services, including
climate change adaptation. It is undisputed that wetland restora-
tion is a prime strategy for all of these; they harbor unique biodi-
versity, improve water quality, support flood protection, moderate
climatic extremes, etc. [17-22].

In conclusion, we welcome the comment by Wu et al. [1], and
their constructive critique can help further improve future models
provided that relevant, comprehensive, and truly global databases
become readily available. We acknowledge that incorporating
empirical data on avoided emissions and precluded sequestration
will improve future models. As datasets expand [20], this will help
reduce uncertainty, while maintaining model interpretability.
However, ignoring avoided emissions does not have a remarkable
effect on the predicted figures and thus, our main conclusion, stat-
ing that global strategies of ecosystem restoration should priori-
tize biodiversity conservation, climate change adaptation, and
the maintenance of resilient ecosystem services in a geographi-
cally balanced and equitable way rather than carbon capture and
storage, remains solid. Beyond restoration, wetland conservation
outcomes depend on solid governance frameworks, including wa-
ter management, land-use planning, and cross-sector coordination
to enhance biodiversity, ecosystem resilience, and the provision of
ecosystem services.
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