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Forests : a lever to attenuate climate change
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Forests : vulnerability to climate change




Forests : other services
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Complex, multifactorial interactions
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Complex, multifactorial interactions

Forest- =
mcmogemen’r — 8%‘
tf’f;e;qupec ies: =5 |
S 3

W

-/
‘ f
A “

- AL

Community
composition

Cllmohc
"scendno

Other
services

7
-



Complex, multifactorial interactions
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Complex, multifactorial interactions
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Complex, multifactorial interactions
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Complex, multifactorial interactions
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Complex, multifactorial interactions
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Climate
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Model
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2bis - Yearly Sureau simulation
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Leaf Area Validation
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Pearson correlation : 0.554

RMSE: 1411
Average Bias: 0.084
n: 340
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Coupling with SurEau
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Modelling the root compartment in PHOREAU

« Variation in individual tree R : S is largely
dominated by two effects: tree size and

mean water deficit. » (Ledo ef al. 2017)
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Fig. 5 | Predicted fine root area
distribution over the soil profile. For
certain simulation years a partial vertical
soil profile is shown, with the overall
dryness of each soil layer depicted as a
gradient using its 10" quantile relative
extractable water (REW) percentage. For
each species and size class aggregate tree
(refer Annex X for detaills on the
aggregation method), the distribution of the
inverse cone along the soil layers
represents the predicted location of its fine
roots, with its total aggregate fine root area
index (FRAI) shown under.




From three LiDAR metrics
describing forest structure :

Integration of a simplified microclimate model
(derived from the work of EVA GRIL)

log(maximum
:ei:_ht)l 1. State of the ForCEEPS stands
E I s 2. Production of structural indices :VCI, LAl, Hmax
i 3. Computing the microclimate slope
| wEw 4. Predicting soil microclimate temperatures
v And temperature measurements from one ...Toamap of the buffering or 5. Interpolation over the vertical profile
weather station + 53 microclimate sensors... effect of forest cover on temperature!

Temperature 9 9
A T° micro

» time

day1l day 3

equilibrium
\' slope<1
log(slope) <0
v buffered

I© Gril et al. 2023
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Proposed framework for PHOREAU validation

Hydrology Structural Composition
Validation \Zelilefeljlelg \Zelilefeljlelg
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Fig. 1 | Predicted
distribution of stand
leaf area and light
availability. This figure
illustrates the vertical
gradient of predicted
light availability indices
for specific simulation
years. The light
availability is presented
over the aboveground
profile, divided into 0.1
m layers. In addition,
the area of each shape
in the layers represents
the predicted
aggregate leaf area.
The figure also
includes global annual
stand parameters. For
details on the
calculation  of the
Vertical Complexity
Index (VCI), please
refer to Annex X.
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Fig. 4 | Predicted versus observed
evolution of soil water quantity
(SWC). For each simulation site, the
black line indicates the observed daily
actual SWC. The stacked bars depict
the dailly SWC (mm) projections
generated by the PHOREAU model,
with individual contributions of each
soil layer stacked and color-coded by
soil layer (see Fig. 6 for layer details).
The projections are confined the
maximum measured depth for the
each site, as indicated in the upper
right corner of the figure. For Barbeau
and Font Blanche, observed SWC
were directly obtained from site
managers; for Puéchabon and Hesse,
they were interpolated from soil
relative humidity (RH,,) measured at
different depths, using the same rock
fractions as used in the simulation.




Fig. 5 | Evolution of predicted ver«is
observed stem water potentials. For e
dominant species of the four ICOS
simulations, the blue line depicts the daily
evolution of the stem water potentials
(mPa) generated by the PHOREAU model
and averaged over the aggregate trees of
the species (refer Annex X for details on
the aggregation method). The red points
represent the observed water potentials,
limited to the years for which
observational data is available (data
sources are detailed in Annex X). For
Puéchabon, Font Blanche and Barbeau
sites, the minimum daily observed and
predicted water potentials are shown. For
Hesse, where only predawn observations
are available, the maximum predicted
water potential is used as a proxy.
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Pearson Correlation : 0.71**
Mean Deviation : 0.53 L
RMSE : 0.92 ' '
Ny - 208

Predicted Daily Min Water Potential (mPa)

-4 -2
Observed Daily Min Water Potential (mPa)

Species
=== Q. ilex
P. halepensis

=—@= (. petraea

=@ C. betulus

=@ f. sylvatica

Pearson Correlation : 0.79*** Lo

Mean Deviation : - 0.5 © e ‘

RMSE : 0.89
N,ps - 303

Predicted Daily Predawn Water Potential (mPa)

Fig. 6 | Aggregated Predicted versus
observed daily stem water potential. All
available stem water potentials (mPa)
observations are plotted against the
PHOREAU projection for the correspoding
day and species. For each species, the
full colored lines are the regression lines
of the linear model of the relationship
between observed and  predicted
minimum water potential, with confidence
interval represented with the grey dashed
lines. The dashed red line is the 1:1 line.
See Annex X for definition of associated
statistics. (a) Comparison with minimum
water potentials. (b) Comparison with
predawn water potentials.

£ -2
Observed Daily Predawn Water Potential (mPa)




Productivity Validation

© A. Alba (16) @ P. pinaster (11) 97 RENECOFOR sites
© C. betulus (7) eP.s/lestris(47) | 148 |CP || sites

O F. sylvatica (58) @ P. menziedi (6) -

© P. abies (37) @ Q. ilex (9) 41COS stes

@ L. decidua (3) @ Q. petraea (24)

© P. halepensis (3) @® Q. robur (18)

@ Pin. nigra (5)

)
Y /e,

Fig. X | Spatial distribution of sites used for PHOREAU validation. Sites are color-coded based on the

dominant species identified in the inventory (see legend in top-left). Red-bordered diamonds represent the
four ICOS site (Puéchabon, Font-Blanche, Barbeau, and Hesse) selected for in-depth hydraulic validation.




Mean annual BAI (m2 / ha) - Predicted

Productivity Validation
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Productivity Validation
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Mean annual precipitation sum (mm per year)

Potential Niche Validation
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Potential Niche Validation
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PhorEau: a new process-based model to predict forest functioning, from
tree ecophysiology to forest dynamics and biogeography
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INPUTS MODELLING FRAMEWORK
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Application : Comparing the trajectory of French forests over the
next 100 years, for different climatic and management scenarios



Application : Evaluating the trajectory of French forests over the
next 100 years, for different climatic and management scenarios

O Modelling the forests carbon stock, including soil carbon
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Application : Evaluating the trajectory of French forests over the
next 100 years, for different climatic and management scenarios

X Modelling the forests carbon stock, including soil carbon

0 Quantifying forest biodiversity potential
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Application : Evaluating the trajectory of French forests over the
next 100 years, for different climatic and management scenarios

X Modelling forests carbon stock, including soil carbon
X Quantifying forest biodiversity potential

O Developping flexible forest-management modules



Implementing Dynamic Forest Management Scenarios
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PHOREAU Dynamic Management : Proof of Concept
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Application : Evaluating the trajectory of the French forest over the
next 100 years, for different climatic and management scenarios

X Modelling forests carbon stock, including soil carbon
X Quantifying forest biodiversity potential
X Developping flexible forest-management modules

O Building a representative snapshot of the current state of french forests



Initializing PHOREAU inventories from IFN study-sites
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Proof of Concept : Soil Carbon Stocks & Emissions
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In progress : Carbon sequesiration & substitution

1. Allocation of logged wood ¢ Evolution of predicted sequestred carbon

2. Lifespan of wood-based products ¢ -
3. Coefficient of substitution compared to non-

wood products ¢
4. Usage of logging residues ¢
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WP3 : Plan de Simulation
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* Equilibre hydrologique
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Fagus sylvatica
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Fig. 2 | Predicted versus observed
annual stand leaf area index (LAl). For
each simulation site, the bars depict the
annual leaf area index projections
generated by the PHOREAU model, broken
down by species and size class
contributions (refer to Annex X for details).
The dashed line represents the observed
annual stand leaf area index (data sources
detailed in Annex X). Leaf area index is
defined as the total one-sided leaf area per
unit of ground area.
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Fig. 3 | Predicted versus observed
annual tree mortality. For each simulation
site, the bars depict the total annual number
of dead trees, irrespective of cause, broken
down by species and size class
contributions (refer to Annex X for details).
Observed values are derived from stand
inventories, while predicted values are
generated by the PHOREAU model. Also
shown are the annual mortality rates,
calculated relative to the initial number of
trees for two distinct time periods in each
simulation, along with the total number of
dead trees by hectare. Transparent bars
indicate years with thinnings (see Annex X
for details), which are excluded from the
mortality statistics.
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Fig. 4 | Predicted versus observed
evolution annual stand basal area loss
due to mortality. For each simulation site,
the bars depict the summed annual total
basal area (m?/ha) of all dead trees, broken
down by species and size class (refer to
Annex X for details). Observed values are
derived from stand inventories, while
predicted values are generated by the
PHOREAU model. Also shown are the
yearly basal area loss rates, calculated
relative to the initial basal area for two
distinct time periods in each simulation,
along with the total basal area dieback per
hectare. Transparent bars indicate years
with thinnings (see Annex X for details),
which are excluded from the the mortality
statistics.
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Fig. 9 | Predicted versus obser-:d
daily real evapotranspiration (ETR). :-2r
each simulation site, the plain blue line is
the regression line of the linear moder of
the relationship between observed and
predicted stand daily ETR, with
confidence interval represented with the
grey dashed lines; the dashed red line is
the 1:1 line. See Annex X for definition of
associated statistics. Colour code for the
seasons as follows :
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Fig. 11 | Predicted versus obsere:d
soil water quantity (SWC). For e=:h
simulation site, the plain blue line is e
regression line of the linear model of the
relationship  between observed and
predicted SWC, with confidence interval
represented with the grey dashed lines;
the dashed red line is the 1:1 line. See
Annex X for definition of associated
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Fig. 12 | Predicted versus obsere:d
evolution of aggregate daily spec:2s
transpiration. For each simulation <re,

oy

sapflow
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individual
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the blue line depicts the aggregated daily
PHOREAU from all the trees of the given

species. The red line depicts the observed
daily transpiration value for this species,
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Fig. 13 | Predicted versus obser:d
species aggregate daily transpiratie:s.
For each simulation site, the plain Ltie
line is the regression line of the linear
model of the relationship between
observed and predicted species
aggregate daily transpiration (mm), with
confidence interval represented with the
grey dashed lines; the dashed red line is
the 1:1 line. See Annex X for definition of
associated statistics. Colour code for the
seasons as follows :
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Fig. 15 | Predicted versus obsere:d
daily stem water potential. For e=:h
dominant species of the four simulaxan
sites, each point represents a day with
water potential observations " (mPa),
plotted against its corresponding predicted
value by the PHOREAU model. For
Puéchabon, Font Blanche and Barbeau
minimum daily water potential is plotted,
while the predawn potentials are shown
for the Hesse site. The plain blue line is
the regression line of the linear model of
the relationship between observed and
predicted water potential, with confidence
interval represented with the grey dashed
lines; the dashed red line is the 1:1 line.
See Annex X for definition of associated
statistics. Colour code for the seasons as
follows :
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Fig. 6 | Observed potential available
water capacity (AWC) distribution over
the soil profile. For each simulation ICOS
site, the vertical distribution of potential
AWC is represented by the area of the
shape contained within each of the 30 soil
layers that make wup the standard
PHOREAU soil profile. The total
aggregated AWC is shown at the center of
each shape. Refer to Annex X for origin of
soil data. Available Water Quantity (mm per
meter of soil) is defined as the difference
between the soil's field capacity (the
maximum water content the soil can retain
after drainage) and the wilting point (the
minimum soil moisture level at which plants
can no longer extract water).




