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Restoring tree cover changes albedo, which is the fraction of sunlight reflected
from the Earth’s surface. In most locations, these changes in albedo offset or
even negate the carbon removal benefits with the latter leading to global
warming. Previous efforts to quantify the global climate mitigation benefit of
restoring tree cover have not accounted robustly for albedo given a lack of
spatially explicit data. Here we produce maps that show that carbon-only
estimates may be up to 81% too high. While dryland and boreal settings have
especially severe albedo offsets, it is possible to find places that provide net-
positive climate mitigation benefits in all biomes. We further find that on-the-
ground projects are concentrated in these more climate-positive locations, but
that the majority still face at least a 20% albedo offset. Thus, strategically
deploying restoration of tree cover for maximum climate benefit requires
accounting for albedo change and we provide the tools to do so.
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HOW DO WE ESTIMATE ALBEDO CHANGE?

Use the albedo atlas
(Gao et. al 2014) —

monthly albedo
estimates for 17
different land covers

This step accounts for
factors like snow cover
and geographic
location

Hasler et al. (2024) Nature Communications

Multiscale climatological albedo look-up maps
derived from moderate resolution imaging
spectroradiometer BRDF/albedo products
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HOW DO WE ESTIMATE ALBEDO CHANGE?

Use the albedo atlas
(Gao et. al 2014) — Estimate how albedo

monthly albedo changes for a given land
estimates for 17 cover transitions
different land covers

This step accounts for This step accounts for
factors like snow cover reforestation
and geographic transitions (from an
location open to a forested land
cover)

Hasler et al. (2024) Nature Communications



—;.; INITIAL LAND COVER
= (1) Open shrublands
(2) Grasslands
¢ (3) Croplands
(4) Cropland/natural vegetation mosaic
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FINAL CONDITIONS

(1) Evergreen needleleaf forests
£ (2) Evergreen broadleaf forests
(3) Deciduous needleleaf forests
(4) Deciduous broadleaf forests
4 (5) Mixed forests

(6) Woody savannas




HOW DO WE ESTIMATE ALBEDO CHANGE?

Use the albedo atlas Transform albedo
(Gao et. al 2014) — Estimate how albedo values into top-of-

monthly albedo changes for a given land atmosphere radiative
estimates for 17 cover transitions forcing using climate
different land covers model kernels

This step accounts for This step accounts for This step figures out
factors like snow cover reforestation the planetary warming
and geographic transitions (from an effect
location open to a forested land
cover)

Hasler et al. (2024) Nature Communications



HOW DO WE ESTIMATE ALBEDO CHANGE?

Use the albedo atlas Transform albedo

(Gao et. al 2014) - Estimate how albedo values into top-of- o
Convert radiative

forcing into CO2e

monthly albedo changes for a given land atmosphere radiative
estimates for 17 cover transitions forcing using climate
different land covers model kernels

This step accounts for This step accounts for This step figures out This step turns
factors like snow cover reforestation the planetary warming warming into carbon
and geographic transitions (from an effect dioxide equivalents,
location open to a forested land which helps to
cover) compare against

carbon storage

Hasler et al. (2024) Nature Communications



4 initial conditions x 6 forest conditions =

24 maps

+ minimum and maximum versions tOO

Hasler et al. (2024) Nature Communications



HOW MUCH DOES ALBEDO AFFECT MY PROJECT?

1. What is my initial land cover?
Example: “open shrublands” (OSH)
2. What is my projected forest land cover?
Example: “Evergreen Needle Leaf Forest” (ENF)

3. Use the OSH2ENF_median.tif to get the expected maximum
albedo effect in Mg CO,e hafor your project

4. Compare to the expected carbon storage

Hasler et al. (2024) Nature Communications



This estimates the albedo change if every pixel started as open shrubland and ended as evergreen
needleleaf forest

Hasler et al. (2024) Nature Communications
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Single transition vs single map

e Single transition maps (N = 24!)
— work well if you know starting and
ending land cover

— BUT show unrealistic values where
transitions cannot happen

* To study the importance of albedo
worldwide, we wanted to create a single
composite map of the most likely transitions

Hasler et al. (2024) Nature Communications



Determine the most likely starting condition based on most

common open land types in an area

Hasler et al. (2024) Nature Communications
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Determine the most likely forest condition based on most
common forest types in an area

Woody savannas

Mixed forests
Deciduous
broadleaf forests

Deciduous
needleleaf forests

Evergreen
broadleaf forests

Evergreen
needleleaf forests

Not defined

Hasler et al. (2024) Nature Communications



ALBEDO GENERALLY CAUSES WARMING

(only part of the story)
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ALSO NEED TO ACCOUNT FOR CARBON STORAGE
GENERALLY CAUSES COOLING

Mg CO,e ha'l
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MOST LIKELY ALBEDO + CARBON CHANGE MAP
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>80% PROJECTS IN CLIMATE-POSITIVE LOCATIONS
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THANK YOU! QUESTIONS?
susan.cook-patton@tnc.org
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