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«Negative emissions»?



of  which forests: 
450-650

Earth’s carbon pools
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Scharlemann et al. 2014, Carbon Management
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Pools
§ 1 kg woody biomass (dry) ≈ 0.5 kg C
§Aboveground biomass: 65 - 430 tC/ha
§Soil: 44 -130 tC/ha (up to 60% total C pool)

Pools and fluxes of carbon in trees
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Destination of  CO2 emitted from 1750 to 2012 (in billions of tons)
Fonte: Global Carbon Project

26%



Carbon turnover

Carvalhais et al. 2014, Nature



Deforestation emissions
2.9 Gt CO2 year-1

Of which 29-39% for internationally traded goods

Pendrill et al. 2019, Glob Env Change



Fire emissions
7.3 Gt CO2 year-1

Van der Werf  et al. 2010, Atmos Chem Phys





Amazon C sink in strongest decline, continued throughout 2010s and 
predicted to reach zero by 2030 – But net C sink reductions are 
mainly due to increases in turnover/mortality, not lowering off 
productivity.



CO2 fluxes (Gt) in Earth’s forests
Net sequestration = 4.0 ± 2.0 Gt CO2 year–1

Net mean sequestration (without deforestation) = 2.9 t CO2/ha year–1

Pan et al. 2011, Nature
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1 000 000 000 000 trees
730 000 000 000 tons CO2 ???

Area available for tree planting
Source: Bastin et al. 2019 (Science)





Fonte: Griscom et al. 2017, PNAS
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30%



CO2 accounting Italy 1990-2017

Source: ISPRA, National Inventory Report 2019



CO2 fluxes in LULUCF sector in Italy, 1990-2017

National Forest Accounting Program 2019



Grassi et al. 2019, Carbon Balance and Management

LULUCF contribution to NDCs

La rimozione di CO2 dall’atmosfera e il progetto Desarc-Maresanus - 4-5 febbraio 2020
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Mitigation in the forest sector
Must account only “human contribution”

Increase stocks

Avoid losses

Project
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EU LULUCF Regulation
Forest Reference Level

Grassi et al. 2018, Carbon Balance and Management

La rimozione di CO2 dall’atmosfera e il progetto Desarc-Maresanus - 4-5 febbraio 2020

Credit

Debit



In EU LULUCF regulation (2018forest carbon credits may be 
transferred to other sectors up to a given cap. For Italy the cap is
11.5 Mt CO2 in 10 years. 



Voluntary carbon markets
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Market Overview 

Unlocking Potential

The Voluntary Carbon Offset Lifecycle 
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Criteria for third-party 
verification:

- Additionality
- Permanence
- Voluntarity
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One forest, many services

Biodiversity

Wood

Soil protection

Carbon sink



Sustainable forest management



Forest planning



Remote sensing of forest structure



Climate-smart forestry

Forest management that
acknowledges sinergies between
climate mitigation needs and other
forest ecosystem services.
Optimizes efficacy and efficiency of  
forest contributions to climate
mitigation.



Carbon mitigation must have a comprehensive perspective



PNIEC

Renewable energy production scenarios in Italy
Heating sector

Bioenergy
Total heat heat production
Geothermal

Heat pumps

Solar



Substitution 
effects
Energy





Is burning wood climate neutral?





Mitchell et al. 2012, Global Change Biology Bioenergy



Is burning wood climate neutral?



Substitution 
effects
Materials





% of  national sector CO2 emissions potentially offset 
by wood-based substitution effects

Johnston and Radeloff 2019, PNAS

La rimozione di CO2 dall’atmosfera e il progetto Desarc-Maresanus - 4-5 febbraio 2020



Cascading use of wood (EU Forest strategy)



Is harvest sustainable ?
Ratio to yearly forest growth:
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European forests increase
800,00 new hectares

every year



Wood use in Italy

53
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EU Timber Regulation
EU Green Deal

“Embedded deforestation”





https://doi.org/10.1093/biosci/biz088

https://doi.org/10.1093/biosci/biz088


https://www.sciencedirect.com/science/article/pii/S030147971400379X

Effect on Net Primary Productivity

https://www.sciencedirect.com/science/article/pii/S030147971400379X


https://www.nature.com/articles/s41467-020-17966-z

But: live fast, die young

https://www.nature.com/articles/s41467-020-17966-z
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Limits to carbon sink from forest age



Potential limits to vegetation net primary production based on fundamental physiological limits

https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2486.2006.01134.x

https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2486.2006.01134.x




https://www.pnas.org/content/113/18/5024

Drought mortality events in global forests

https://www.pnas.org/content/113/18/5024.figures-only


Hydraulic failure – carbon starvation

http://www.plantphysiol.org/content/155/3/1051

http://www.plantphysiol.org/content/155/3/1051


https://www.nature.com/articles/nplants2015139

Larger trees are more impacted by drought

https://www.nature.com/articles/nplants2015139


Loss of  canopy heght in the Amazon basin
https://www.nature.com/articles/s41467-018-05668-6

https://www.nature.com/articles/s41467-018-05668-6


https://esajournals.onlinelibrary.wiley.com/doi/pdf/10.1002/ecs2.2108

Pine regeneration during drought by Christoph Bachofen, WSL

Summer drought Control

https://esajournals.onlinelibrary.wiley.com/doi/pdf/10.1002/ecs2.2108


SDM

Fagus sylvaticaMediterranean scrubCastanea sativa

http://www.minambiente.it/comunicati/ambiente-parte-consultazione-su-piano-nazionale-adattamento-cambiamenti-climatici

Forest cover unchanged
Increasing forest cover
Decreasing forest cover Forest migrations

http://www.minambiente.it/comunicati/ambiente-parte-consultazione-su-piano-nazionale-adattamento-cambiamenti-climatici


https://www.sciencedirect.com/science/article/pii/S030147971400379X

https://www.sciencedirect.com/science/article/pii/S030147971400379X


Forest migrations



IPCC AR5 WG2 Figure SPM.5



Assisted migration



Seidl increased disturbance

https://dissertationesforestales.fi/pdf/article1841.pdf

Forest disturbances

https://dissertationesforestales.fi/pdf/article1841.pdf




Seidl increased disturbance

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4340567/

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4340567/


Seidl increased disturbance
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Fire Weather Index

Length of  fire season
https://link.springer.com/article/10.1007/s10584-013-1005-z

https://link.springer.com/article/10.1007/s10584-013-1005-z


Interaction between disturbances

https://www.nature.com/articles/nclimate3303

https://www.nature.com/articles/nclimate3303


https://iopscience.iop.org/article/10.1088/1748-9326/aa5ef1/meta

https://iopscience.iop.org/article/10.1088/1748-9326/aa5ef1/meta


https://www.nature.com/articles/s41598-018-23763-y

https://www.nature.com/articles/s41598-018-23763-y




Increasing 
resistance + 
resilience



Thinning to alleviate drought



Preventive silviculture



Gestione dei combustibili forestaliManagement of forest fuels



282 USDA Forest Service RMRS-P-71. 2014.

>ĂŶĚƐĐĂƉĞ�WĞƌŵĞĂďŝůŝƚǇ

Landscape complexity is likely to offer less resilience if the site is geographically constricted 
VLQFH�VSHFLHV�SRSXODWLRQV�DQG�HFRORJLFDO�SURFHVVHV�FRXOG�EH�RYHUO\�FRQ¿QHG�DV�UHJLRQDO�FOLPDWH�
changes. Permeability is the degree to which a given landscape supports the movement of or-
JDQLVPV�DQG�WKH�QDWXUDO�ÀRZ�RI�HFRORJLFDO�SURFHVVHV�VXFK�DV�ZDWHU�RU�¿UH��GH¿QLWLRQ�PRGL¿HG�
from Meiklejohn and others 2010). A highly permeable or locally connected landscape promotes 
resilience by facilitating local species movements and range shifts, and the reorganization of 
communities (Krosby and others 2010). Maintaining a connected landscape is a widely cited 
strategy for building climate change resilience (Heller and Zavaleta 2009). Botkin and others 
(2007) have suggested large landscape connectivity as an explanation for why there were few 
extinctions during the last period of comparably rapid climate change. Accordingly, our measure 
of permeability “local connectedness” is based on measures of landscape structure: the hardness 
of barriers, the connectedness of natural cover, and the arrangement of land uses.

To assess landscape permeability, Anderson and others (2012) used the resistant kernel analysis 
that assumes that the connectedness of two adjacent cells increases with their ecological similar-
ity and decreases with their contrast (Compton and others 2007). The theoretical spread for a 
species or process out from a focal cell is a function of the resistance values of neighboring cells 

0W��0DQVILHOG�0W��0DQVILHOG�
/DQGIRUPV/DQGIRUPV
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&ŝŐƵƌĞ�ϰ͘�>ĂŶĚƐĐĂƉĞƐ�ǁŝƚŚ�ŐƌĞĂƚĞƌ�ŚĞƚĞƌŽŐĞŶĞŝƚǇ�ƉƌŽǀŝĚĞ�ŵŽƌĞ�ŽƉƟŽŶƐ�ĨŽƌ�ƐƉĞĐŝĞƐ�ƚŽ�ŵŽǀĞ�ĂŶĚ�
rearrange at a given site.

Genetic and functional diversity



Spatial connectivity of forests

USDA Forest Service RMRS-P-71. 2014. 289

(B)
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Forest fragmentation



Post disturbance restoration
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