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ARISING FROM B. B. N. Strassburg et al. Nature https://doi.org/10.1038/s41586-020-2784-9

Preventing dangerous climate change and halting the global loss of bio-
diversity are considered crucial goals to ensure a sustainable future on
Earth'?. Strassburget al.’ present a high-resolution method to identify
optimal locations for ecosystem restoration globally for conserving
biodiversity and increasing carbon sequestration. Their most promi-
nently presented conclusion is that 30% of the total CO, increase in
the atmosphere since the Industrial Revolution can be sequestered by
restoring 15% of converted lands. Here we argue that this is an overly
optimistic message that is partly based on inaccurate assumptions
and that this creates unrealistic expectations for the contribution of
restoration to the mitigation of climate change.

Our first concernisregarding the area of converted lands and their
carbonstocks. The amount of potential carbon sequestration found
by Strassburg et al.>for the identified 15% priority areas is based on
an oversimplified assumption for existing aboveground carbon
stocks. For natural vegetation, the estimates of final above- and
belowground carbon stocks applied in the study by Strassburg et al.?
are state of the art (within awide uncertainty range*). For converted
lands, Strassburg et al.> assume that current aboveground carbon
stocks are 6 tonnes of carbon per ha (tC ha™). However, especially
inlocations identified as priority areas, such as southeast Asia, the
western African coastal area and the Caribbean, carbon stocks in
converted lands are in fact much higher because they mostly con-
sist of mosaic and agroforestry-type landscapes. These converted
lands are partly detected as mosaic croplandsinthe European Space
Agency Climate Change Initiative (ESA CCI) land-cover data® used by
Strassburgetal.?, and are typically assumed to have 40-60% natural
vegetation®. A previously published analysis” showed that these
regions, infact, have high aboveground carbon stocks in agricultural
lands, for example, 97 tC hainIndonesia, 46 tC ha™inIvory Coast
and 49 tC ha™in Cuba. Because these countries make up alarge share
of the highlighted 15% priority areas, taking a more realistic reference
carbon stock would substantially reduce the carbon-sequestration
potential.

This error in estimating current carbon stocks in converted lands
arises from confusing land cover with land use. Strassburg et al.? use
ESA CCl data—aland-cover product—as a ‘land-use remote-sensing
product’ and take a broad view on converted land by including crop-
land and cultivated grassland classes as well as the two ESA CCI mosaic
classes (mosaic cropland (>50%)/natural vegetation (<50%) and mosaic
natural vegetation (>50%)/cropland (<50%)). Subsequently, Strassburg
etal.’use these ‘anthropic’ land covers synonymously with agricultural
land use—that s, cropland and grazing land—and apply the carbon
content values as defined for agricultural land use®. The difference

between ESA-CCl-based converted land as used by Strassburg et al.?
and acorresponding converted-land estimate based on Food and Agri-
culture Organization/History Database of the Global Environment
(FAO/HYDE) data is substantial, as the estimates are 29 million and
22 million km?, respectively (Fig. 1and Supplementary Information).
The confusion of land cover and land use leads to a problem when
applying land-use-specific carbon contents and it could also distort
biodiversity effects.

Oursecond concernisregarding the misleading comparisonbetween
the potential CO, uptake and atmospheric CO, increase. This issue has
alsobeenaddressed by Friedlingstein et al.’ inresponse to Bastin et al.’®
in Sciencelast year that was followed by an erratum". We are happy that
Strassburg et al. adjusted their statement™.

Finally, we want to comment on the feasibility of the restoration
options presented. Quantifying potential biodiversity and carbon gains
of ecosystemrestorationis scientifically very valuable. The realization
of the proposed restoration, however, would have severe feasibility
constraints. The high priority locations are mostly located in tropical
regions,whereabout50%ofallagriculturallandinsoutheast Asia, Central
Africa, the Caribbean and Mesoamerica would need to be restored
(as shown in the most prominently presented case, see figure 1e and
extended data figure 3e of Strassburg et al.?). Although Strassburg et al.>
acknowledge these feasibility constraints in a section of their paper
using various sensitivity tests, the figures and abstract only fea-
ture the unconstrained cases. Such unconstrained restoration with
large-scale abandonment of agriculture in these regions would have
enormousimpacts onthe agricultural system, and beyond. Moreover,
business-as-usual projections show majorincreasesin population, food
demand and agricultural production in Latin America, sub-Saharan
Africaand southern Asia™", furtherincreasing the pressure onland sys-
tems. Various studies have shown that large reductionsin agricultural
land in these regions could lead to major effects on food security™*.
Testing the sensitivity of their results, Strassburg et al.? reveal that
national-and landscape-level assumptions substantially diminish the
sequestration potential (by 29% and 49%, respectively). Inour view, the
case with national targets (a maximum of 15% agricultural abandon-
ment) represents a more-realistic approach to restoration because it
considers some level of effort sharing and therefore should have been
presented more prominently.

We agree thatecosystemrestorationisimportant for carbon seques-
tration and biodiversity conservation. However, overstating the role of
restoration in preventing climate change may undermine mitigation
efforts and distract from the core task of reducing carbon emissions
by energy and industry.
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Fig.1|Difference between convertedland according to Strassburg
etal.’based on ESA CCland according to FAO/HYDE. The comparison
shows substantial differences both on the grid (top) and global scale (bottom),
resulting from a differentinterpretation of land use and land cover data, with
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Inthe associated Comment, Doelman et al.! suggest that findings from
our recent paper? overestimate the potential contribution of restora-
tion to climate change mitigation, and suggest that our assumptions
were incorrect and that we did not consider practical constraints to
the implementation of the scenarios that we presented. We welcome
their interest and agree with Doelman et al.! that realizing the full
potential contributions of large-scale restoration to the mitigation of
climate change (and conservation of biodiversity) will be challenging.
We strongly disagree, however, that we have overestimated the scale
of plausible contributions or failed to consider practical limitations
to their delivery.

The centralargument of Doelman etal.!is thatafraction of each pixel
in the subcategory of cropland mosaics from the land-cover product?
that we used' contains natural vegetation (they cite 40-60%) and a
higher current carbon content than we considered, and thataccount-
ing for this would significantly affect our estimates of the contribu-
tion of restauration to the mitigation of climate change. Although an
analysis within our 300 m pixels was beyond the original scope of our
global analysis, we decided to investigate the effect on our estimates
by accounting for natural vegetation within our mosaic pixels.

The previously published dataset* that Doelman et al.' base their
arguments on does not distinguishbetween natural vegetation and tree
plantations in cropland mosaics. Whereas the former would not fitour
definition of restorable, the latter would. For instance, in southeast Asia,
where the previously published study* found the highest biomass per
hectare, oil palmtree plantationis widespread and widely considered
athreat to addressing climate change and biodiversity conservation®.
Instead, we used another dataset of 30 m products by the US Geologi-
cal Survey (USGS)® . These datasets directly identify croplands to
disaggregate the fraction of each 300 m cropland-mosaic pixel from
the European Space Agency Climate Change Initiative (ESA CCI) dataset

thatis cropland from the fraction that is natural vegetation. For this
sensitivity analysis, we subtracted, from our original croplands map,
the fraction classified as natural vegetation to generate an alternative
croplands map. We then reclassified these subtracted areas as one of
our five broad natural vegetation classes according to the ‘original
ecosystem type’ (OET,) calculation described in the original study?.
These operations yielded a new set of land-cover/land-use maps that
were used to run our optimization algorithm for the central scenario
(thatis, the ‘multiple benefits’ scenario).

We found that accounting for the native vegetation fractionineach
mosaic pixel would reduce the carbon sequestration estimate by 4.6%
and the biodiversity benefits by 4.0% when running our central scenario
using the same target area (430 megahectare (Mha)). Both results are
well within the margin of error of the original estimates. And even this
modest effect is probably an overestimation of the error, because, in
this sensitivity analysis, we removed only restorable areas found to
be natural vegetation at 30 m (389 Mha) and did not include other
cropland areas identified at 30 m (188 Mha) that were notincluded in
the original analysis.

We performed another, more-conservative estimate of the potential
effects of the issue raised by Doelman et al.'. We allocated a value of
40 tonnes of carbon per ha (tC ha™) to the current carbon stocks of all
mosaic areas selected in the central scenario of the original paper?,
and measured the associated reductionin climate sequestration. This
value assumes that all of these mosaics would have the current carbon
content of palm oil plantations™, which is well above the woody biomass
carbon of perennial croplands suggested by the IPCC (21 tC ha™)" for
the predominantly moist tropical climate regions in which our priority
areas in the central scenario are located. Crucially, we did not run the
optimization again, whichwould allow our algorithm to choose other
areas withimproved net gains for carbon. Even with these conservative
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assumptions, the reduction in carbon sequestration is equivalent to
8.6% of our original estimates, again well within the margin of error
of the estimates. It is important to note that, had we combined both
approaches (excluding natural vegetation fraction from these mosa-
ics and applying a value of 40 tC ha™ to current carbon content of the
remaining cropland areas) and run the optimization again, the reduc-
tion in carbon sequestration would necessarily be smaller than 8.6%,
asitassumes that allmosaic areas selected in the original paper>would
still be selected. In the first sensitivity analysis, when we removed the
natural fraction from therestorable pool, the area of mosaics in the solu-
tion decreased by approximately half (to around 20% of the selected
priority areas), even when the carbon content of the cropland fraction
waskeptat6tCha™.

Although further research that combines more-refined estimates of
the current carbon content with higher-resolution datasets canimprove
our estimates, we are reassured by these findings. Furthermore, there
are other factors that make our estimates conservative. We probably
underestimated the carbon-sequestration potential of carbon pools
other than abovegroundbiomass. Whereas, inour estimate, these pools
account for 8.6% of the gainin aboveground biomass, the IPCC recom-
mends an adjustment fraction of 27% of the aboveground biomass gain
toaccount for gains in other carbon pools®. This factor alone is several
times larger than the estimated effects presented here.

As for the overall potential of restoration to contribute to climate
mitigation, we certainly underestimated it as we did not account for
the carbon-sequestration potential of restoring existing but degraded
native ecosystems. This potential is estimated to be similar to the
potential sequestration from restoring converted lands™.

Therefore, we disprove the central argument made by Doelman
et al.' that we overestimated the contribution of restauration to the
mitigation of climate change.

Doelman et al.' suggest that we confused land cover and land use.
We did not, and neither did other groups who also used the ESA CCI
land-cover database as a basis to assess land use™®, Doelman et al.' then
provide ananalysisin which they compare our estimates of converted
lands with the HYDE database, which they produced with colleagues',
and suggest that the difference between the two analysesis substantial
(2.87 billion ha (Bha) in our original paper? compared with 2.2 Bha in
the HYDE database). First, this difference is comparable to differences
between other available estimates''®?°, Second, our estimate is actually
closer to the centre of the range of available estimates”*°, whereas the
HYDE database provides one of the smallest available estimates for
converted lands. Asanillustration, the recent high-resolution cropland
products from USGS® ™ estimate that there are 1.9 Bha of croplands
alone (compared with the HYDE estimate of croplands and pasture-
lands of 2.2 Bha). There is a great need of further data and research
to provide more-precise estimates of converted and degraded lands
worldwide, but we believe our estimate is compatible with the current
state of the art.

Thefinal pointby Doelman etal.!is related to the practical feasibility
of achieving these effects, and the concentration of priority areas for
restoration in developing countries. These are valid considerations,
but we disagree that we did not address them. Indeed, these consid-
erations occupy 40% of our results section, and 30 of the 52 scenarios
presented in the main text (figure 3 in ref. 2). Doelman et al.! suggest
that achieving effects for the climate similar to the ones reported in
our central scenarios would involve the large-scale abandonment of
agriculture in some tropical regions. Our estimates contradict this
argument. The unconstrained global scenarios indeed identify very
high proportions of some regions as priority areas for restoration, as
we have noted inthe opening of the “Scale and feasibility constraints”
section of our results®. However, constraining the optimization so that
each country oreven5 kmby 5 kmlandscape could restore areas only
uptoalevelthatis compatible with maintaining the current agricultural

production (when coupled with a partial closure of the yield gap) would
reduce the potential for climatechange mitigation by 3% or less (sce-
narios VIl and IX in figure 3 of ref. 2). Furthermore, as stated, future
increases in demand can be met by complementary measures such
as food-waste reduction, improved trade and a shift in consumption
away from higher-footprint food. Another recent analysis" showed
that about 10 million km? (that is, about one-third of the area that we
identified as converted land) could be restored and still meet future
agricultural demand by 2050. This further suggests that the 15% tar-
get of our central scenarios is within feasible boundaries. Even in the
extreme scenarioin whichrestorationis equally distributed acrossall
countries (so that each restored 15% of its converted lands), climate
mitigation benefits would be reduced by a maximum of 29%. These
results show that, in contrast to what Doelman et al.' suggest, we did
notignore practical constraints that would make the climate change
mitigation or biodiversity conservation benefits that we reported
exaggerated or unrealistic.

Achieving ecosystem restoration at planetary scales targeted by
multiple international agreements and processes will be very complex,
involving multiple practical, ecological, social and ethical considera-
tions that need to be dealt with appropriately. However, the resulting
contributionsto some of our greatest global challenges, as showninour
Article? and reaffirmed in the analyses summarized here, are vast and
can hopefully motivate all relevant stakeholders to take appropriate
actions towards realizing this potential.
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