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Supplementary Figure 1: Country level AR data: The bar plots show country level data of land-based mitigation pledges for AR
and ecosystem restoration 2, and the amount of AR achieved by 2060 and 2100 in the scenario employed in this study. The
three plots show (top left) the 15 countries with the higher amount of AR reached in 2060 in our scenario, (top right) the 15
countries with the higher AR pledge based on the Land-Gap report estimates 12, and (bottom left) the 15 countries with the
higher amount of AR reached in 2100 in our scenario. For these quantities, the cumulative share (%) with increasing number
of countries sorted in descending order is shown (bottom right).
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Supplementary Figure 2: Features of the AR pattern: This figure shows (a) the historical deforestation pattern in MPI-ESM, (b)
the reversal of historical deforestation through AR in our scenario, (c) afforestation over gridcells where historical
deforestation occurred, increasing forest cover beyond 1850 levels, and (d) afforestation over gridcells where historical
deforestation has not occurred. Changes are expressed as changes in forest cover fraction at the gridcell level.
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Supplementary Figure 3: The panels show different percentiles of 2m air temperature (difference compared to pre-industrial
era, expressed here as the 1850-1900 average) for the REF (blue color) and AR (green color) scenarios. The thick lines represent
the ensemble mean for each scenario. The bright green shaded region indicates that there is no statistically significant
difference between the two scenarios, while the purple shading suggests that a statistically significant difference exists
(significance estimated as described in Methods). The percentile of temperature used is noted at the title of each panel. In a
given year and for every ensemble member, the Xt percentile of temperature is obtained from the globally averaged daily

temperature timeseries.
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Supplementary Figure 4: Average yearly rates of change (GtCO,/year) for the a) land (Cland), b) ocean (Cocean), and c)
atmospheric (Catmo) carbon sinks. Mean quantities are represented with the thick lines, whereas shading represents the
uncertainty range (minimum-maximum) for the AR (green) and REF (blue) simulations. For the land and the ocean positive
values indicate an increase in carbon (sink behavior), while a transition to negative values indicates a transition to being a
source (carbon release).
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Supplementary Figure 5: Average yearly AR efficiencies represented here as: a) reduction of global average temperature per
forest area increase (°C/100 Mha), b) atmospheric carbon removal and land sequestration per forest area increase (GtC0O,/100
Mha (left y axis), PgC/100 Mha (right y axis)), c) reduction of global average temperature per carbon removed from the
atmosphere and sequestered in land (°C/ 100 GtCO, (left y axis), °C/100 PgC (right y axis)), and d) atmospheric carbon removal
per carbon sequestered over land (%). Mean quantities are represented with the thick lines, whereas shading represents the
uncertainty range (minimum-maximum). Temperature data are smoothed with a Savitzky-Golay 3 filter. Efficiencies with
regards to temperature are shown from 2052 onwards, when the signal of temperature mitigation starts emerging, while from
2035 onwards for (b) and (d).
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Supplementary Figure 6: Changes in temperature: The figure shows changes in mean 2m air temperature across time with
respect to the 1850-1900 local average for the (top) REF, and (bottom) AR scenarios.
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Supplementary Figure 7: Year of emergence of field significance (see Methods) (y axis) using the Bonferroni method 4,
depending on the moving window length chosen (x axis), and the number of consecutive years rejecting the null hypothesis
needed to declare significance (color). Missing (not plotted) values suggest that a signal has not emerged. Dots are slightly
nudged across the vertical axis to aid interpretation.
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Supplementary Figure 8: Spatiotemporal pattern of changes in radiation and heat fluxes: From left to right, the differences in
surface net radiation (W/m2), latent and sensible heat fluxes (W/m2), and albedo between AR and REF simulations during
2030-2050 (top), the period around peak warming (2050-2070) (mid), and end-of-century (2090-2100) (bottom) are shown.
A negative value indicates a reduction in the AR scenario. Dots indicate regions where the difference is statistically insignificant
at the 5% level, estimated with a two-tailed Student’s t-test after correcting for lag-1 temporal autocorrelation ° (see

Methods).
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Supplementary Figure 9: Top row: From left to right, changes in sea ice fraction over the Arctic between AR and REF simulations
during 2030-2050, the period around peak warming (2050-2070), and end-of-century (2090-2100) are shown. Bottom row:
From left to right, changes in global minimum, average, and maximum sea ice extent (107 km?2) for AR (green) and REF (blue)
are shown, with the thick lines representing the ensemble mean for each scenario.

Poverty

Percentage of land [%]

Total area {Mha)

a) Land tenure insecurity

Percentage of people [%]

Population density

Percentage of people [%]

Total area (Mha)

Governance

0 2 10 40 100500
Populstion density [peoplefkmi?]

A nr

000 025 ¢.50 0,75 1.00
Governance Index [-]

s

£ ok

=

L]

=

lo]

AR - Poverty b

2
600
400
200

0 T T T T 1

0 25 50 75 100 I

£

Percentage of people [%] =

o

I

G

s

AR - Population density =

©

0 2 10 40 100 500 =

Population density [people/km?] 5

0

o

=B

e

AR - Indigenous/community land

750
500

250

0 T T T T 1
0 25 50 75 100

Percentage of land [%]
AR - Land tenure insecurity

200

100

O L} T T T 1
0 25 50 75 100
Percentage of people [%]

AR - Governance

300
200
100

0
0.00 025 ©.50 0.75 140
Governance Index [-]

Supplementary Figure 10: Socioeconomic indicators: The maps indicate: a) indigenous and community land expressed as a
percentage (%) of land per gridcell 6, b) land tenure insecurity expressed as the percentage (%) of people perceiving their land
or property to be insecure 78, c) governance expressed with a composite governance indicator °, d) poverty indicator



expressed as the percentage (%) of people below the $2.15 threshold 19, and e) population density (people/km2) 11, The
hatching shows the AR area in the employed scenario. The bar plots show the cumulative AR area (Mha) across different bins
of the various socioeconomic indicators. Details on the socioeconomic indicators and their processing are presented in the
Methods section.
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Supplementary Figure 11: The effect ot the choice of period length (x axis) in terms of estimating peak and end-of-century
temperature mitigation between AR and REF is shown (see Methods).
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Supplementary Figure 12: The sensitivity of the AR scenario development algorithm to the different constraints employed
(see Methods) is shown for configurations where the scenario is: a) constrained only by GRS and ATL (GRS+ATL), b) constrained
only by GRS and biodiversity (GRS+BIO), and c) unconstrained. Left: Line plots show the changes in pasture (top) and rangeland
(bottom) for the different scenarios, where also the scenario employed in this study is shown (noted as “AR scenario”). Maps:
The maps show the difference in forest fraction between the different configurations tested here and the AR scenario
employed in this study in 2070 and 2100.
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