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Threatened areas include the largest terrestrial carbon stocks.

Global Above- and Below-ground Living
Biomass Carbon Density

* Biomass in tropics

(Philips et al. 2009, 2010, Lewis et al, 2011)

* Soil carbon
(permafrost & boreal
zone)

(Schuur et al. 2008, Muskett et Romanovsky,
Natural Science, 2011)

Scharlemann, J., Hiederer, R., Kapos, V. (2009). UNEP-WCMC & EU-JRC, Cambridge, UK.
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Climate and drought effects on forest carbon balance:
case studies

1. Tropical forests
2. Broadleaved forests

3. Fast growing pine forest
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1. Amazonian forest: stand scale impacts.

The Guyaflux site in French Guiana (Europe)
(French overseas department)
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1. Amazonian forest: immediate impacts at stand level.
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1. Amazonian case: delayed drought impacts at large-scale.
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1. Amazonian case: large-scale potential impacts.
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* 2010 drought had a larger extend and severity;

* Repeated drought events have been leading the Amazonian rainforest
from a weak sink (Mahli, Grace, Lewis,...) to a source;



2. Drought effects observed in temperate forest:
Instantaneous impacts.

- 35 y-old beech forest in N-E France
carbon cycle monitored since 1996.

1000

1000 1000
. — 2003 <~ 800 - 2005
“c 800 - ¢ 800 - E
e e > 600
@ 600 - 2 600 - =
- 400 - - 400 - A A 4 A ui AA
w wi A w
= 2 z
200 - 200 - 200 -
0 I T T T T T T T T 0 A L T T T T T T T T 0 _A ir T T T T T T
90 120 150 180 210 240 270 300 330 360 90 120 150 180 210 240 270 300 330 360 90 120 150 180 210 240 270 300 330 360
DOY DOY DOY
Wet year Driest year Dry year

* Annual stem growth (A) is more resilient to concurrent soil water deficit than
CO2 exchanges (—)

e But next year growth is severely depleted (Granier , unpublished)
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2. Drought effects observed in temperate forest:
Long-term predisposition to mortality by previous drought.

Oak Forests in Haguenau (Alsace) -
Bréda & Badeau, 2008, Geosciences
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* Droughts render individuals more vulnerable to subsequent stresses
(defoliation by caterpillar)



3. Drought effects observed in temperate forest:
Interaction with management in fast growing pine forests.

Chronosequence of Pine sites, SW France.

- Ecological and tree inventories from 1987
- Water balance 1988 -2008

- CO, flux from 1996 to 2008

- 14C Soil carbon dating in 2002
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3. Drought effects observed in temperate forest:
Interaction with management in fast growing pine forests.
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3. Drought effects observed in temperate forest:
Interaction with management in fast growing pine forests.

Cumulative CO, balance (gc. m?
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« No significant post-drought effects
« Drought maintains young forest as a net source of carbon
« Temporal fluctuations in mature stand NEE are controlled by climate
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3. Drought effects modelling in temperate forest:
Mapping the interaction between climate and management in fast growing pine
forests.
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3. Drought effects modelled in temperate forest:
Mapping the interaction between climate and management in fast growing pine

forests.
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3. Drought effects modelled in temperate forest:
Management impacts on climate are weakened under future drier climates

Global warming potential of management intensification
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(Loustau et al., EGU 2014)



Main points to take home.

* All forest types are exposed to droughts

* Trees respond at a range of time scale from hour to century

 How far does drought weaken the biosphere carbon sink is unknown.

* Release of carbon from declining forests will feed-forward the climate
disturbance
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