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Tree mortality during drought @ of Exeter’

_ _ . Short Duration of water stress Long
* Drought is a key driver of mortality across the Low
globe.
5 | g \4
* JULES does not represent explicit mortality 5 Biotic agents
from drought »
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High * McDowell et al., 2008
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The Caxiuand drought experiment of Exeter

. -

* Throughfall Exclusion Experiment (TFE) .

* approx. 50% of rainfall is infercepted above the Throughfa’li Exclusion Exl;ériment
forest floor. .-Caxiuana, Para, NE Brazil. ™
* >20 years of artificial drought. =rAeC S i ﬂ_ 2] 7

* Significant mortality events observed in the
TFE plof.

* Due to hydraulic failure™.
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Hydraulic failure

* Excessive xylem embolism can lead to
mortality.

* The vulnerability curve describes the
percenftage loss of hydraulic conductance.
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Theory - The vulnerability curve

Vulnerability curve
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Yrz = Rootf zone water potential, p = density of water,
g = acceleration due fo gravity, h = plant height

~ Soil moisture availability
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Thisis made possible by RED!
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Tall frees are drought stressed sooner!
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Xylem hydraulic status To mortality

Key assumption

* Mortality rateis linearly proportional to the percentage

loss of conductance (1 — K)
/ o

Ydrought = Vdmax(l — K)

Tuneable parameters: a = shape parameter, 5o = water potential at 50% conductanceloss,  yq,, . = drought mortality at 100% conductance loss
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Evaluating the model - Methods

: Etast‘:anspiraticn
——— | transpiration
. ;t:;\:]:we;cu& T wilting point
e Run JULES vn7.4 at Caxiuand under control and e e
drought conditions. 1 o e BV WA
0.2 ..‘..‘. _. . .”'.-;- \ 7 ... N
0.0 .
layer 1 layer 1
* Drive the mortality model using simulated soil M —_ _
moisture from JULES - T TSR V) R /W S IV
‘S 0.0
g layer 2 layer 2
.é .
* Validate the model using excess mortality CITS
observedin the TFE plot for three different tree
height categories. Data from Rowland et al., v o =
(2015). (We assume that excess mortality in the "
TFE plot is due tfo hydraulic failure™). 0]
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*big assumption!




Results

* The model accurately captures
observed mortality rates in the TFE
plot.

* The model correctly captures the
difference between small, medium and
large trees.

* MCMC analysis suggests there are
small uncertainty bounds on the fwo
parameter values.

>Ws, = 1.89 + 0.00476 [-MPa]
»a = 14.03 £ 0.19 [ unifless ]

Mortality rate (%yr=!)

—— Modelled mortality (a= 14.03, Wso: -1.89)
Modelled cumulative mortality 1o spread
+— Observed mortality (Rowland et al., 2015)
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Results

* The model is very sensitive fo the input
soil moisture.

* Accounting for the spread in the
simulated soil moisture across different
JULES configurations:

» the model uncertainty increases!

Mortality rate (%yr1)

—— Modelled martality: JULES base soil moisture
Modelled mortality: JULES alternative soil moisture
Observed mortality
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Conclusions and next steps

* Drought mortality is animportant process missing from JULES.
* We have developed a simple model of hydraulic failure induced mortality.

* The model can capture observed free mortality at the Caxiuand drought experiment.

Next steps:

* What is the regional impact of the model across the Amazon”?

* What about other plant functional types / biomes?
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Thank you fTor listening

JPEG proposal:
“Vegetation disturbance and recovery”
Email: s.r.g.jones@exeter.ac.uk




University
of Exeter

X3

Additional slides
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* Markov-Chain Monte Carlo sampling estimates small
uncertainty bounds on Yo and a parameters.

wso = —189’:888

a = 14.03+013




Why is our a value so large? @ of Exeter’

* Thereis an additional evaporative effect in the
calculation of Y.

Vulnerability curve

* Originally we assumed this could be ignored as ~ 1
stomatal conductance (gg) goes to zero during K = =
drought. 1+ (ﬂ)
Pso .
* BUT stomatal conductance does NOT go to = =
zero during drought Yrz — pgh —1,95D
L (L)

» Evaporative effect should not beignored

» Tall trees experience higher VPD than small trees

»But this is difficult fo capture since JULES does not

Evaporative effect
currently have a microclimate.
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Root-zone water potential @ of Breter’

* Root-zone water potential is not the same as soil 1
water potential

» Calculating Ygz is not frivial
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