Predicting hydraulic failure with SurEau: description of the
model and applications

Nicolas Martin-StPaul

URFM



https://twitter.com/NMartin_StPaul

Localities with increased forest mortalify reiated fo climatic stress from drought and high femperatures

Severs mortality of overstorey aspen | Popuius
tremuloides) following the 2001-2002 drowght
in the parkiand zone of Saskatehewan, Canada
[August 2004)

Mortality after warm drought in the early 20005, Jemez Mountains, New Mexico,
United States: left, Pinus ponderosa mortality (July 2006); right, mass mortality of
Pinus edulis and scattered Juniperus monosperma survivers (May 2004)

Drought-induced mortality of Pinus
SYIvestis, Andalucia, Spain (April 2006)

Climate-induced mortality of Pinus
syivestris, Valais, Switzerland (1988)

Mortality of Nothofagus dombeyi in mixed

M. dombeyi-Austrocedrus cihilensis stand,

induced by a warm droughtin 1998-1899,

northern Patagonia, Argentina (September
2004

Note: Onvy localities from the Tabieare shown; many aodtional incalites are mapped in Allen & af, 2009,
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Pinus yunnanensis stand, Yunnan
Province, Ching, showing mortality
induced by a drought that resulted in
outbreaks of Tomicus yunnanensis
and Tomicus minorshoot beetles
from 2003 to 2005 (July 2005)
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Drought-induced death of Acacia
aneura, eastern Ausiralia (2007)

A dust S1orm blows
through a stand of
Acacia aibidain the

where diebachk was
docurnented in the last
half of the twentieth

century (1883)
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Cadrus atlantica mnrmu'ty"iggerm by droughit, Belezma National Park,
Algeria, with surviving understorey including Quercus ilex (2007)

Diebac
procera, Saudi Arabia (Manch 2006)

Allen et al 2010
FAO




Factors inducing mortality
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Mechanisms of extreme drought/heat
induced tree mortality




Hypothesis for drought induced mortality
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Hydraulic failure is a leading meachanisms for drought mortality
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Hydraulic failure is a leading meachanisms for drought mortality

10 days of drought 40 days of drought
W .. =-4.9 Mpa, 10% Cavitation W .. =-8.7 Mpa, 90% Cavitation




Hydraulic failure is a leading meachanisms for drought mortality
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Mechanisms behind hydraulic failure
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SurEau a mechanistic model for hydraulic failure

Parameters are traits E=max(E + E Outputs are s/hourly/daily:
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Different versions of SurEau: @ plant scale

First Excel version one segment by Hervé Cochard (dt=d) C version multi-segment by Hervé Cochard (dt=s/100
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Different version of SurEau: simple version @Ecosystem-scale

Water balance model Plant hydraulic model: SUREAU
(Ruffault et al 2013 Clim. Chan) (Martin-StPaul et al 2017 E.L)
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Climate (Temp, RH, Plant traits
Radiation, Rain) (cavitation resistance,

pressure volume curves,
LDMC, rooting depth)

Cavitation

SUREAU model Hydraulic failure

Moisture content=
f(RWC RWC - LDMC)

Water balance
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Leaf area index
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Sensitivity to key hydraulic traits: cavitation resistance and gs closure
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Sensitivity to key mechanistic traits: gmin (minimum conductance)
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Examples of application: Mortality on the ICOS site Puéchabon
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Examples of application: sylviculture Cedrus atlantica
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Martin-StPaul N, Courbet F, Ladier J, Simionni



Examples of application: simulating fuel moisture content
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Quercus ilex

PiTlp =-3.5
P50=-6
Gmin=4
LAI=3
AWC=160

Fagus sylvatica

PiTlp =-2 MPa
P50=-3.2 MPa

Gmin= 8 mmol/m2/s

LAI=5 m2/m2
AWC= 160 mm

Martin-StPaul N, Fargeon H, Ruffault J
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Examples of application: distribution area at national scale
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Highlighting the functionnal significance of
leaf cuticle conductance (g, )

s = Residual, cuticular
transpiration
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Modelling the effect of heatwaves on
hydraulic failure
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Cochard 2019, BiorXiv



Modelling the effect of heatwaves on
hydraulic failure
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Sensitivity anlysis
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