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Methods to evaluate climate change impact on forests

Long-term monitoring of forest ecosystems

e Observational studies of species distribution

according to climate

 Environment modification experiments

e Process-based modelling
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How to model the climate change impact on forests?

Complex process-based models
at the stand scale
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Current approach limitations
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Toward a better inclusion of the management impact

Hybrid (observation and process-based),
spatially explicit model at the tree level

— Climate sensitivity unsatisfayingly
considered



Research objectives

» Simulate tree growth dynamics according to different climate scenarios and
forestry practices in different areas (Wallonia, France, Europe)
» Develop a methodology to evaluate climate change impact while characterizing

the uncertainties

— Better understanding of the temperate tree growth

response to climate change



Research project description
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15t step — Inclusion of climate sensitivity in HETEROFOR and evaluation
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15t step — Inclusion of climate sensitivity in HETEROFOR and evaluation

Photosynthesis
_ = =~ PAR used efficency = Farquhar equations

A

[
I Stomatal requlation

|
_-- Inclusion of a « Water balance » module

~ = <~ Temperature-dependant respiration

Inclusion of a phenological module
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Photosynthesis module development

Use of Castanea photosynthesis module developped on CAPSIS
platform by Dufrene, Davi, Francois, Le Maire, Le Dantec et al

during a first time.

—> (Cfr. Dufrene et al, 2005 for more informations)
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Water balance module development

/ Water flux

O

Water storage

@ Rainfall

@ Foliage water content

@ Evaporation of water stored on leaves
@ Throughfall

@ Stemflow

@ Bark water content

@ Evaporation of water stored on the bark
Horizon water content

@ Evaporation of soil stored water (only 1st horizon)
@ Transpiration (only if roots present)

@ Capillary Rise

@ Drainage - Surplus

@ Deep percolation (only last horizon)
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Water balance module development

c 1 WS
foliage - Area Cfoliage_sp_min + - WSmax ) (Cfoliage_sp_max a Cfoliage_sp_min)

Sp

leaf sp

or

@ Rainfall

@ Foliage water content

Cfoliage = Z (Arealeaf_sp- Cleaf_sp)
sp

@ Evaporation of water stored on leaves
@ Throughfall

@ Stemflow

@ Bark water content

(@ Evaporation of water stored on the bark
Horizon water content

@ Evaporation of soil stored water (only 1st horizon)

@ Transpiration (only if roots present)
@ Capillary Rise

@ Drainage - Surplus

@ Deep percolation (only last horizon)

/ Water flux 1 3

6] Water storage



Water balance module development

Variables calculated using empirical equation from André et al (2008):

stemflow = a+ b.C130 + c. Rain + d. C130. Rain

@ Rainfall gIVIng

oliage water conten
@ Foage waterconten Cparie = (@ + b - C130)

@ Evaporation of water stored on leaves

(@ Throughfall (C +d- 6130) - Rain

Y%stemflow =

® stemflow Areagiang + Rain

@ Bark water content

/ Water flux

@]

Water storage

%throughfall = 1 — %stemflow

(@ Evaporation of water stored on the bark

Horizon water content

@ Evaporation of soil stored water (only 1st horizon)
@ Transpiration (only if roots present)

@ Capillary Rise

@ Drainage - Surplus

@ Deep percolation (only last horizon)
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Water balance module development

Evapotranspiration calculated via Penman-Monteith equation (1965):

AR 4 P:CoVPD
T
AET = 4
@ Rainfall A + % (ra + rS)
@ Foliage water content . . . s
e Foliage evaporation (eddy-covariance approach):
@ Evaporation of water stored on leaves -1
@ Throughfall T, = l =1 0.006 - WTS
@ Stemflow Ya
(® Bark water content s = 0

@ Evaporation of water stored on the barkl

* Bark evaporation:
Horizon water content

1 prevSyark\
I@ Evaporation of soil stored water (only 1st horizon}l s = = gs_bark_min + (gs_bark_max - gs_bark_min) * C
Y9s_bark bark
@ Transpiration (only if roots present)
@ CapillaryRise e Soil (first horizon) evaporation:
@ Drainage - Surplus — 1 — , 4 , — , Y. REW -1
Ts = g . - (gs_sml_mm (gs_sml_max gs_sml_mm) prev forest_floor)
s_soi

@ Deep percolation (only last horizon)
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Water balance module development

@ Rainfall

® Foliage water content

@ Evaporation of water stored on leaves
@ Throughfall

@ Stemflow

© Bark water content

@ Evaporation of water stored on the bark

Horizon water content

@ Evaporation of soil stored water (only 1st horizon)

@) Water uptake by roots

/ Water flux

A
W

Water storage

@ CapillaryRise
@ Drainage - Surplus

@ Deep percolation (only last horizon)
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Water balance module development

wuToAssign,.,,>0 wuToAssign,.,=0

wuToAssign, >0 wuToAssign, >0

)

)
\ f

Water Water Water Water

Water Water Water Water
uptake,  uptake, uptake, uptake,*

uptake,;  uptake, uptake, uptake,

W, > W, > W, > W, W, > W, > W, » Wilting point
llJ1 > LIJZ > L'J3 > LIJ4 > Ll"4* L]Jl E— L|J2 > LIJ3 > UJ4 » Wilting point

X &) & & & X

Y, — Y, —— Wilting point

Water uptake,*= wuProportion, ., s,m 4- Water uptake,

® no root ®

no root
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Water balance module development

WUTOASSIgNrem>0 WUTOASSIgN =0 The matric potential W is calculated from pressure head h determined, in turn,
{ | \ by van Genuchten equation (1980):
Water Water Water Water 9 . 9
uptake,  uptake, uptake, uptake,* S = r
6, — 0,
1-n
W, > W, > W, > W, S=[1+(alh)™]
VY, — W, — U; —— U, —> U, Parameter values come from Vereecken pedotransfer functions (Weynants et al,
2009), which require information about organic, clay and sand contents and bulk
S & 39 density

Water uptake,*= wuProportion, .. ., 4. Water uptake,

® no root
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Water balance module development

@ Rainfall

@ Foliage water content

@ Evaporation of water stored on leaves

@ Throughfall

@ Stemflow

@ Bark water content

(@ Evaporation of water stored on the bark

Horizon water content

@ Evaporation of soil stored water (only 1st horizon)

@ Transpiration (only if roots present)

@ Capillary Rise

@ Drainage - Surplus

@ Deep percolation (only last horizon)

/ Water flux

O Water storage

Vertical movements through horizons are regulated by soil
conductivity, gravity and water potential gradient. Conductivity is
obtained with Mualem - van Genuchten model equation (1980):

K = K, (Sﬂ {1 - (1~ S"/"-l)l_%f)

For organic horizons, parameter values from Dettmann et al.
(2014) are used. They emanate from peat soil observations.

For mineral horizons, pedotransfer equations elaborated by
Weynants et al. (2009) are used.
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Water balance module development

Surplus is currently calculated according to the assumption that
once the horizon is saturated, excedent water is transferred to
the next horizon. Some improvements are planned.

@ Rainfall

@ Foliage water content

Drainage and capillary rise both follow the same equations:

@ Evaporation of water stored on leaves D= Kh?",h?"+1 5hm + 1 A 10
(@ Throughfall — 24 Fo VA stand
@ Stemflow
@ Bark water content K . (KhT' ¢ ehr + KhT‘+1 ¢ ehr+1)
@ Evaporation of water stored on the bark hr,hr+1 (ehT' -|— ehT‘+1)
Horizon water content
@ Evaporation of soil stored water (only 1st horizon) 5h’m _ |hh7"+1| _ |hh7"|
@ Transpiration (only if roots present) 52 Chr +28hr+1 -100
@ Capillary Rise
Drainage - Surplus omparisons between model results an datla, however, show
C bet del Its and data, h h
@ Deep percolation (only last horizon) that using the minimal conductivity value gives better results
' Waterflux than when the conductivity is averaged
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Phenological module development
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Phenological module development

———————————————————————————————————————————————————————————————————————————————————————————————

E leaf |
‘ chilling ‘ ‘ forcing | | deployment chilling |

L, J

to t, t,=BB ty t, Fall o

| [ | | | | |
: I\ J\
T | |
dormani:y leaved period dormancy

Chilling rate (Chuine, 2009):

...............................................................................................

january december

1
R, = { 1+eCa(T-Cc)?+Ch(T~Cc)’ —5=<T<10

0, T>100rT < -5

Sc = Z%O Rc(T), t=t1if S¢ > C”
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Phenological module development

Forcing rate (Chuine, 2009):

1
Ry = {1+eFbT—Fo)’ r>0

0, T<O0

———————————————————————————————————————————————————————————————————————————————————————————————

: leaf
chillinfﬂ deployment
Lo 1

chilling | |
. —
to t, t,=BB ty | | taFall to '
| [ | | | | |
: T J\
T | |
,—:—
dormanty leaved period dormancy
)
1%t of 315t of
january december
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Phenological module development

———————————————————————————————————————————————————————————————————————————————————————————————

: leaf
‘ chilling ‘ ‘ forcing | | deployment chilling _ :

L —L J _ ——
tc tl tz =BB t3 t4= Fa” tﬂ i
| : | | |
: I\ J\ )
[ | |
dormani:y leaved period ‘ dormancy

Yellowing rate (Dufrene et al, 2005):

...............................................................................................

january december

R _ Tb_yell — T, T < Tb_yell and t > t3
yell — 0, T = Tb_yell ort < t3

Syeu = 2ty Ryeu(Te), t = Fall if Syep > Fyey
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Model outputs

& Capsis 4.2.4 - [het.2003a]

Projet Etape Editer Afficher Outils Aide

CBREEO|%|7

i“0 & : Projet Heterofor [het] - 9000 m2 - Tout en mémoire - C:\Users\|dewergifoss\Documents\root\trunk\data\heterofor\fichiers inventaires 2014_12\inventaire_chénaie_2002_M_TEST.txt
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Age [ Temps &

Analyse de la dynamique
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Cdom & Cg / Temps
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Fonction L{r) (Ripley)
Fonction L12(r) (intertype)

G/ Temps (ou dge) ou / Cdo
G/ Temps (ou dge) ou / Hdo
Hauteur / Diamétre
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Log(N/ha) / Log(Dg)
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N [ Classes de distance

M [ Classes de hauteur

N/ Temps (ou dge) ou / Hdo
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Surface terriére [ Hauteur do
Surface terriére [ Temps
Surface terriére récoltée [ T¢
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Table des éclaircies hd
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Model outputs

& Capsis 4.24 - [het.2003a]
Projet Etape Editer Afficher Outils Aide

DRIREEO|%|q

| M_TEST.bt

# Visu 3D

RE

P

5T

o= e

- het.2003a Pluviolessivats = het.2003a Interception = het.2003a Précipitations

i st

P 22O 220 240 2SO0 260 270 2SO0 290 200 210 220 220

240

250

260 2370 230
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Model outputs

E Fancic 404 That INNZ AT - ><
: Projet Heterofor [het] - 9000 m2 - Tout en mémoire - C:\Users\ldewergifoss\Documents\root\trunk\data\heterofor\fichiers inventaires 2014_12\inventaire_chénaie_2002_M_TEST.txt
2002a - 2003a - 2004a - 2005a - 2006a - 2007a - 2008a - 2009 - 20i0a - 20ila - 2012a - 20i3a - 2014a - 2015a
.

Fage 1 Page2 Page3 Page4 PageS Page & Page 7 Page 8 Page 9 Page 10

M het.2016a - Explorateur =

M- 4721 l:l Utiliser un groupe: tYpE' Arbres ~ Not HEtSpE'CiES.SpE'CiES' Pluviolessivats = het.2003a Interception = het.2003a Précipitations

Lignes : |421 [ ]sélection: |Inspecteur

Ea
d Age Diamétre Hauteur Mombre Statut Marqué ® Y z Espéce

188 a 12.573 14.9 alive 43.26 48.41 0ifagus (2)
189 0 27.9 19.347 alive 44.47 48.75] 0|guercus (1)
180 0 33.806 26.416 alive 50.93 49.45) 0|quercus (1)
191 0 15.444 13.54 alive 55.87 50.51 0|carpinus (3)
192 0 32.986 21.192 alive 54.85 47.63 0|guercus (1)
183 0 40.605 23.856 alive 60 49.25) 0|quercus (1)
194 0 43.546 22.656 alive 61.39 43.71 O|quercus (1) .
195 0 34.449 24.027 alive 63.85 39.51 0|guercus (1)
198 0 42.919 24.015 alive 57.89 36.68 0|guercus (1)
197 0 31.046 25.021 alive 50.37 44.68] 0|guercus (1) i
198 0 34.309 21.401 alive 51.05 38.44 0|guercus (1)
199 a 14.633 14.398 alive 50 35.96 0ifagus (2)
200 1] 10.902 12.822 alive 49.8| 36.32 oifagus (2) i
201 a 7.639 9.3 alive 49.41 36.2 0ifagus (2)
202 0 8.913 11 alive 49.23 36.43 0ifagus (2) r
203 0 25.421 21.839 alive 49.14 34.78) 0|quercus (1)
204 a 6.048 6.6 alive 48.04 34.88 0ifagus (2)
205 0 12.576 14.511 alive 53.6) 32.51 0ifagus (2)
206 o 6.166 8.666 alive 54.29 31.99 offagus (2)
207 0 13.582 14.668 alive 56.77 32.01 0ifagus (2)
208 a 21.395 20.06 alive 37.66 30.33 0ifagus (2)
209 a 29.204 23.779 alive 57.94 30.23 0ifagus (2)
210 0 9.137 11.882 alive 54.68 26.13 0|carpinus (3)
211 0 4.934 4.5 alive 54.76 26.22 O|carpinus (3)
212 0 8.548 10.874 alive 62.64 20.92 0|carpinus (3)
213 1] 14.867 13.318 alive G62.89 29.68 O|carpinus (3)
214 0 8.933 11.449 alive 62.56 29.6 0|carpinus (3)
215 U ?-502 10-21? EI|I\.I'E!- 62.08 29-?3 U Carplr‘luS [3) 240 250 260 2Y0 280 290 200 210 320 220 240 250 323260 3270 280
216, 0 10.92 11.405 alive 59.07 16.47 O|carpinus (3)
217 0 12.615 6.79 alive 61.27 13.75 0|carpinus (3) =
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15t year — Module evaluation with data from a reference site
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2"d year — Selection of PIC forest sites




3" year — Climate scenarios constitution and integration of their

different variability sources

IMPROVEMENT

EVALUATION

CLIMATE
SCENARIOS

Tree-level growth
model
HETEROFOR

[

BAYESIAN
CALIBRATION

PREDICTIONS
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Downscaling

2 types of method:

- Statistical downscaling: Use of statistical
correlations between large-scale climate
phenomena (values of the atmospheric
pressure field) and local climate (monthly
averaged temperatures) (Mearns, 2009)

- Dynamic downscaling: Use of climate models
working at a finer scale and using global
climate model results as boundary conditions

(Hoar et Nychka, 2008)



3-4t years — Inclusion of HETEROFOR uncertainties: bayesian calibration

IMPROVEMENT EVALUATION

Tree- IeveI growth
ngLmT.gs model b PREDICTIONS
HETEROFOR
BAYESIAN

CALIBRATION
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3-4t years — Inclusion of HETEROFOR uncertainties: bayesian calibration

| |
ot diStributior: of the p(D|®). p(®) _ p(@|D) Posterior distribution of the
parameter values — -
P(D) parameter values
Model

Experimental data
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Expected results — Individual growth comparison
climate scenario x social status

100
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Expected results — Individual growth comparison
climate scenario x stand type

100
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Practical prospects and perspectives

Tool for helping forestry practice decisions

— Sylvicol itineraries enhancing resilience to tackle cl. change induced risks:
— Choice of resistant species
— Stand types...

— Forestry policies & land use plans

Methodology to analyse climate change impacts while
characterizing uncertainties :

— Reusable for other issues
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