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Drought is a key process affecting vegetation functions

Drought is an important driver of vegetation activity and productivity,
especially in dry regions

Correlation SPEI-NDVI
(reflects vegetation
greeness and
photosynthetic activity)

0.75 09
* Subpoisr
0.70 * s
‘ T : ‘:uw raw 08
5 0654 , ) Gora g
B 060 1 o 2.
g 0.55 3 : E )
3 Y 3
% 0504 ‘ Z 06
w w
& 045 &
0.5
0.40 - AN PP -
0.35 . . v v . S 0.4 Tree-ring
-3000  -2000 -1000 0 1000 2000 3000 4000 1000 -500 0 500 1000 1500 2000 A5 5 E a s i PR
Annual water balance e T

Annual water balance

Vicente-Serrano et al. (2013 PNAS)



Short-term effects of drought on tree functions

First, drought impacts cell growth
and tissue formation, and then
photosynthesis due to the
reduction in:

- stomatal conductance

- mesophyll conductance

- biochemical activities

Abundant literature on the effect
on stomatal conductance :
numerous empirical and optimal

stomatal models
e.g., Dewar et al. (2018 New Phytol.)
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Drought impacts on tree (secondary) growth

 Based on tree-ring width data .

Example : focusing on resistance to drought
(Vitasse et al. 2019 GCB)
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Drought impacts on tree (secondary) growth

12 5

 Based on tree-ring width data

Example : focusing on resistance to drought
(Vitasse et al. 2019 GCB)

European larch
Morway spruce
Silver fir
European beech
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* Based on dendrometer & water potential data
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Drought impacts on primary growth

Cessation of shoot and leaf elongation when the soil becomes too dry:
Shorter shoots (less leaves) and smaller leaves during a dry year

Example with Pinon pine in open-top chambers (Adams et al. 2015 GCB)
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Insights from the experimental site of FontBlanche (2008-...)
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Long-term effects of drought on primary growth

2nd axis 3rd axis
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Long-term effects of drought on primary growth

These effects on tree architecture are key : they control the leaf area over
both short- and long-terms
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Effects of drought on mortality risk

But this reduction in leaf area also induces a decrease in carbon
assimilation and may lead to mortality due to ‘carbon starvation’
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Effects of drought on mortality risk

Studying these processes on adult trees is problematic :

few dead trees in the highly instrumented exclusion experiments

36 species | 198 sites | >8000 trees
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Effects of drought on mortality risk

At each site and for each of the mortality events, we calculated the growth ratio
between trees that died and trees that survived (with similar size)
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finalratio: growth ratio the year before mortality
At: duration of the last and continuous period with ratio < 1 (or >1)

Cailleret et al. (2017 GCB)



Effects of drought on mortality risk

Longer and stronger decrease in growth before death for gymnosperms
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Effects of drought on mortality risk

A Now-dead tree

Extreme drought

Surviving trees had higher resilience to
previous extreme droughts than dead ones

Mortality risk depends on resistance for
angiosperms, and mainly on recovery for
gymnosperms

DeSoto et al. (2020 Nature Comm.)
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Effects of drought on mortality risk

Angiosperms recover quickly from
drought but they usually die faster: their
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Main messages

* Do not focus on secondary growth only, primary growth matters as well
(leaf area, number and length of branches, reproductive organs) ->
currently lacking

e Consider tree architecture in these analyses

* Tree growth patterns (rate, trend, variability, resilience) are good indicators
of drought-induced tree mortality

* Mortality risk mainly depends on the short-term impacts of drought for
angiosperms and on longer-term impacts for gymnosperms
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finalratio

Strong and long-term growth decrease before mortality
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* Dying trees had lower growth rate than living ones in 85% of the
mortality events (Median of finalratio = 40%)
* Period with reduced growth from 1 to 200 years (median = 19 yrs)

Cailleret et al. (2017; Glob. Change Biol.)



