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planting as a response to climate change
- billions of trees

e key role of soil in the global carbon cycle
- soil organic carbon (SOC): the largest pool of ecosystem carbon

- SOC stabilization mechanisms in different forest types
- example: Digital Soil Mapping with LiDAR

tting it all together

1 material thickness

2 clay

3 inorganic carbonate

4 wetlands and wet areas
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RESTORATION ECOLOGY

The global tree restoration potential

Jean-Francois Bastin'*, Yelena Finegold?, Claude Garcia™®*, Danilo Mollicone?,
Marcelo Rezende?, Devin Routh’, Constantin M. Zohner', Thomas W. Crowther'

The restoration of trees remains among the most effective strategies for climate change
mitigation. We mapped the global potential tree coverage to show that 4.4 billion hectares
of canopy cover could exist under the current climate. Excluding existing trees and
agricultural and urban areas, we found that there is room for an extra 0.9 billion hectares
of canopy cover, which could store 205 gigatonnes of carbon in areas that would naturally
support woodlands and forests. This highlights global tree restoration as our most effective
climate change solution to date. However, climate change will alter this potential tree
coverage. We estimate that if we cannot deviate from the current trajectory, the global
potential canopy cover may shrink by ~223 million hectares by 2050, with the vast majority
of losses occurring in the tropics. Our results highlight the opportunity of climate change
mitigation through global tree restoration but also the urgent need for action.

Global emissions are about 10 gigatonnes of C each
and atmospheric Cis increasing by about 4 giga



o climate change

Right tree, right place, right purpose
The One Billion Trees Programme isn’t just about numbers. We want to make sure the right trees are planted in the right places
for the right purpose.

Right tree

We want to encourage both permanent and plantation forests made up of exotic and native tree species. The programme
encourages the planting of native species to improve biodiversity.

Right place

We want to see trees integrated into the landscape to complement and diversify our existing land uses, rather than see large-
scale land conversion to forestry. We also want trees planted to be suitable for the site and their intended use. To do this we
need to align tree planting with local land-use and planting priorities and strategies.

Right purpose
We want to make sure tree planting is well-planned and considers the long-term maintenance and end-use of the trees.

Commercial viability for production forests and protection for permanent forests should be thought through before planting.
We also want to make sure plantings take local social, environmental, cultural and economic priorities into account.

ing-and-programmes/forestry/one-billion-trees-programme/about-the-one-billion-trees-programme

...and si



lanting as a response to climate change
- 2,000,000,000 trees

key role of soil in the global carbon cycle
- soil organic carbon (SOC): the largest pool of ecosystem carbon

- SOC accumulation / stabilization in different forest types
- example: Digital Soil Mapping with LiDAR

ting it all together

1 material thickness

2 clay

3 inorganic carbonate

4 wetlands and wet areas



The key role of soil organic carbon

Overall, about half of total ecosystem carbon occurs in soil organic matter

average ~ 10-12 kg/m? of SOC (0-100 cm depth)

organic soils in wetlands are hotspots of carbon accumulation (~ 60 kg/m?)

forest floors are vulnerable to disturbance and rebuild quickly after reclamation / reforestation
large amounts of soil organic carbon occur in subsoils >20cm deep

SOC stability: the key to successful carbon sequestration

SOC levels reflect the balance: additions from photosynthesis (tree growth) 2 (respiration/decomposition) losses
SOC associated with mineral particles is protected from decomposition by both physical and chemical mechanisms
SOC fractions in grassland / arbuscular hardwoods vs conifers and ectomycorrhizal hardwoods

SOC decomposition is slower in subsoils, where temperatures are cool, and aeration is limited by wet soil conditions

Spatially explicit information to guide management

Digital soil mapping with LiDAR

SOC accumulates in the wetter parts of the landscape

soil thickness is strongly affected by topography

inorganic carbon present in soils derived from limestone, and

Inorganic carbon accumulates in lower horizons of grasslands and dry forests



ganic carbon: stocks

Global soil organic carbon map

.fao.org/global-soil-partnership/pillars-action/4-information-and-data-
al-soil-organic-carbon-gsoc-map/en/
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ganic carbon: stocks

Global soil organic carbon map

.fao.org/global-soil-partnership/pillars-action/4-information-and-data-
al-soil-organic-carbon-gsoc-map/en/
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ganic carbon: stocks

Averaging 432 cubic metres per hectare (m>/ha), the forests
along Canada’s west coast have the highest density of wood
volume, more than three times the national average of 136

3lob:l Change Biology

TRE - & el datanane of plant Traiy

Common name Species Wood density [t m | Carbon content [C.t ')

Douglas fir P. menziesil ! 05280
Norway spruce P. abves b 0.4980
Maritime pine P. pinaster

-

/| 280m?/hax 4533 t/m3* 528 C




ganic carbon: pools / stability

Losses: decomposition

Fig.T: Constituents of sol carbon pool

Lal (2017). Global symposium on soil organic carbon 2017. FAO Losses:
Graphic credi



anic carbon: sequestration potential

“Much effort in recent years to
better understand processes of SOM
accumulation and storage”
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0il mapping
Eagle Hill Study Area
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Soil mapping
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The key role of soil organic carbon

* Overall, about half of total ecosystem carbon occurs in soil organic matter 1
— average ~ 10-12 kg/m? of SOC (0-100 cm depth)
— organic soils in wetlands are hotspots of carbon accumulation (~ 60 kg/m?)
— forest floors are vulnerable to disturbance and rebuild quickly after reclamation / reforestation
— large amounts of soil organic carbon occur in subsoils >20cm deep

* SOC stability: the key to successful carbon sequestration 2

— SOC levels reflect the balance: additions from photosynthesis (tree growth) 2 (respiration/decomposition) losses

— SOC associated with mineral particles is protected from decomposition by both physical and chemical mechanisms
— SOC fractions in grassland / arbuscular hardwoods vs conifers and ectomycorrhizal hardwoods

— SOC decomposition is slower in subsoils, where temperatures are cool, and aeration is limited by wet soil conditions

* Spatially explicit information to guide management
—  Digital soil mapping with LiDAR
—  SOC accumulates in the wetter parts of the landscape
—  soil thickness is strongly affected by topography
— inorganic carbon present in soils derived from limestone, and
—  Inorganic carbon accumulates in lower horizons of grasslands and dry forests



anting as a response to climate change
- 2,000,000,000 trees

key role of soil in the global carbon cycle
- soil organic carbon (SOC): the largest pool of ecosystem carbon

- SOC accumulation / stabilization in different forest types
- example: Digital Soil Mapping with LiDAR

ing it all together

1 material thickness

2 clay

3 inorganic carbonate

4 wetlands and wet areas



Soil Disturbance

Potential strategies for enhancing soil carbon:
afforestation, reforestation, retain slash, fertilization, hardwoot
... manage soil disturbance, manage fire, manage harvest re



effects on productivity and soil carbon storage

Random Forest

Soil Thickness (cm)

- High : 500

Thickness of productive soil




f soil carbon storage potential

as more binding sites for mineral associated organic carbo

Bedrock type

GeologyEcoGeoCasses
B Fine

8 Medium

Coarse

Bedrock weathering effects on soil particle si




— from parent rock

ic carbon derived from limestone complicates evaluation of SOC sequestrati

Calcareous Rock
GeologyEcoGeoClasses
B dolomitic
B limestone

1enting benefits would require evaluation of inorganic C (not a de




from pedogenesis

s subsoils contain lots of C, release is possible, restricts root growth...
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Calcareous subsoils could become a source of atmospheric




nd wet areas

— benefit: mounding disturbs soil, likely releases C, but aids establishment.. (alternatives?)

ggggg




organic carbon (SOC): the largest pool of ecosystem carbon

C accumulation / stabilization reflects a dynamic system of additions and |
ut trees where they will grow well, and..

onsider factors that help meet objectives of maximizing ecosystem c
- material thickness (affects productivity and C storage)
- clay (potential effect on C storage)

- inorganic carbonate (an extra wrinkle)
- wetlands and wet areas ( be careful)



