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Political context - LULUCF Projections for 2050 ()

Evolution des émissions et des puits de GES sur le territoire francais
entre 1990 et 2050 (en MtCO2eq). Inventaire CITEPA 2018 et scénario SNBC révisée (neutralité carbone)

National - toward climate

neutrality in 2050 : 463
- Objectives setin the French Energy- """,
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Political context - LULUCF Projections for 2050 ()

Emissions / absorptions targets in 2050 in the 2" French
Energy-Climate Strategy

GHG sinks: 80 MtCO2e in 2050 % Fmissions de GES Fulte de GES
Significant ambition for the forest v
carbon sink: ~ 35 MtCO2e 70
Carbon sinks outside forest (mainly v
sequestration of agricultural soils) 50

40

Additional Carbon Storage and
Capture sink 30

20

Large share of wood products (~ 20

MtCO2e) 10
0
Agriculture W Forét
M Industrie manufacturiére ® Produits bois
B Déchets B Capture et Stockage du Carbone
W Bitiments B Autres terres

B Transports
B Industrie de I'énergie
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Recent forest trends
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Total : French forest sink (ktCO2eq) - UNFCC 2025
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-10 000
-20 000
30000 High degradation of the
forest sink in the last
-40 000
decade
-50 000
-60 000
Crise scolytes sur épicéas - Bilan fin 2020 : 10
-70000 millions de m® et 30 000 ha de bois scolytés
depuis 2018 | Ministere de l'Agriculture, de la
-80 000 Souveraineté alimentaire et de la Forét

. ) . ) ) Bark beetle crisis
* Sharp decline of the sink (with a temporary sequestration in dead wood)

* Explanatory factors:
- anincrease in tree mortality due to droughts and pests,
- slowing increment,
- increase in wood removals
What’s next ?
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LULUCF Projections, specificities

Yy

e Sector with large uncertainties, even for the past dynamics

e The sink estimates calibrate the efforts the other sectors must make to reduce
their emissions to achieve neutrality.

* Necessary output from the projections:
- emissions and removals estimates

- wood availability that can be injected in the energy sector / used as material 2>
calibrates the decarbonation of the other sectors
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Outline o
Y 4

Ongoing update of the LULUCF projections for the new national strategy law
(Citepa - French ministry)

* Forest sink forecasting —focus on the choices made for modelling climate
effects

 Land use changes modelling - link to the spatially explicit method
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Forest sink forecasting



Forest sink estimates : based on NFI study ()

Projections of carbon stocks and IGN m
flows in the French forestry & timber x Cnvomaunon

sector in the context of climate

change —june 2024 PROJECTIONS DES DISPONIBILITES EN BOIS

INSTITUT
TECHNOLOGIQUE

ET DES STOCKS ET FLUX DE CARBONE DU
SECTEUR FORESTIER FRANCAIS

Simulate a wide range of trajectories, with a

gradient of :

- harvesting levels (6 management
scenarios),

- effects of climate change (3 climate
impact scenarios)

- reforestation strategies (2 scenarios),

- Distribution of harvest within the forestry

. Rapport d’étude

IGN : Claire BASTICK, Antoine COLIN, Henrl CUNY
Auteurs FCBA : Alain BAILLY, Alain BERTHELOT, Marin CHAUMET, Gérard DEROUBAIX, Mouchira

S eCtO rs ( 1 0 i 9] d u St ry scena rios) LAHIANI, Phillppe RUCH, Lucile SA\VAGNER, Estelle VIAL
Une étude soutenue par le MASA, le MTECT, 'ADEME, FCBA et I'lGN
mo‘:sm\z :':5"" 7l =n
Time horizon: 2025 to 2050 in 5-year periods e Gomaa | @ i

and then up to 2080 for some results =
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https://www.ign.fr/institut/espace-presse/la-foret-en-2050-projection-des-disponibilites-bois-et-stocks-et-flux-de-carbone
https://www.ign.fr/institut/espace-presse/la-foret-en-2050-projection-des-disponibilites-bois-et-stocks-et-flux-de-carbone

How to deal with climate effects on forests ? ()

Strong evidence of climate impact on forests (e.g., increased mortality since 2015 due to drought and heat).

Température moyenne annuelle : écart a la référence 1961-1990
France métropolitaine

Raising temperatures (+1,7°C since 1900)

3.5

Ecart a la reference (°C)
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Severe droughts in recent years

How to forecast these elements and
estimate theirimpact on the carbon sink ? 0
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Recent forest trends (NFI data)

Yy
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How to deal with climate effects on forests ? ()

Use of IPCC climate scenarios ?

Evolution of the global surface temperature compared
to the period 1850-1900. IPCC 6th Assessment Report

. o SSP5-8.5
First source of uncertainty o7
The regionalization and translation of these
scenarios into climatic variables (temperature,
precipitation, etc.) and at the sub-national

scale.

SSP1-2.6
SSP1-1.9

1950 2000 2015 2050 2100
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How to deal with climate effects on forests ? ()

Second (and even more important) source of uncertainty

= modelling of the impact of these climate scenarios on forest mortality and growth

- it remains very difficult to quantify and model the climate effects on forests on a large scale, even on recent
observed data, due to :

genetic variability on individual resilience, integration of trees’ spontaneous adaptation and threshold effects
the ability of trees to adapt differently depending on the forest regions,
* the effect of species mixing on water stress(...)

Different families of models seek to link climatic variables and their future evolution with vulnerability, distribution, mortality or stand
growth.

Eco-physiological models of biochemical processes (Castanea-SSM7, GO+...)
* Hydraulic modelling of plants (SurEau),

» Specific tools developed for species selection (ClimEssences, BioClimSol).
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How to deal with climate effects on forests ? ()

Second (and even more important) source of uncertainty

= modelling of the impact of these climate scenarios on forest mortality and growth

- it remains very difficult to quantify and model the climate effects on forests on a large scale, even on recent
observed data, due to :

genetic variability on individual resilience, integration of trees’ spontaneous adaptation and threshold effects
the ability of trees to adapt differently depending on the forest regions,
* the effect of species mixing on water stress(...)

Different families of models seek to link climatic variables and their future evolution with vulnerability, distribution, mortality or stand
growth.

Eco-physiological models of biochemical processes (Castanea-SSM7, GO+...)
* Hydraulic modelling of plants (SurEau),

» Specific tools developed for species selection (ClimEssences, BioClimSol).

* Tests were made by the NFl team, but various limitations were raised.

- These models only study certain species and only pure stands, whereas the French forest is very diverse (< than
50% pure stands)

- These models are often calibrated on data from local experimental sites.

Overall, the variability linked to scientific uncertainties (regional climate model, CO2 fertilizing effect, etc.)
was often greater than the variability of the climate scenarios themselves
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How to deal with climate effects on forests ? ()

* Difficulty to quantitatively link growth decline and mortality to IPCC climate parameters (RCP
scenarios). Absence of mature predictive model.

- Decision made by the NFlteam :
* Build trajectories for mortality and increment based on recent trends in growth decline and
increased mortality observed in NFl data, adjusted along a spatial severity gradient defined by

expert judgment.

* Discussions focused on distinguishing background mortality (mainly from competition among
young trees) from crisis- and shock-induced mortality.

* Objective = integration of the most up-to-date knowledge on possible future mortality trends, to
build scenarios representing a range of possible forest responses to climate change.
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All scenarios

Management scenarios

A - scenarios defined by a removal rate*
- Al: removal rate remains at the current level of 70%
(equivalent to maintained management intensity)
- A2: removal rate of 80% achievedin 2030
(equivalent to current removal rate in state-owned forest)
- A3: 100% removal rate achieved by 2035
(equivalent to a carbon-neutral forest)

B - scenarios defined by harvest volume
- B1: current harvest volume is maintained (at 53Mm3/year)
- B2: harvesting increases to 63 Mm3/year in 2050 (national
forest and wood program (PNFB) reached in 2030, then
harvesting level is stable)
= AME in the Dec 23 version and AMS in the Nov 23 version**
- B3: harvest with AMSs in 2023 to 75 Mm3/yearin 2080
(PNFB reached in 2026 then harvest increases)
= AMS June 23 version™

Climate impact scenarios

- C1: optimistic scenario, considering the current
crisis to be temporary

- C2: scenario of successive crises such as the
current one, spaced a few years apart (analogy with
successive periods of drought)

- C3: pessimistic scenario of an upward plateau in
mortality and a downward plateau in production

| o~ ¢ C2 C3

Mortalay rate

Renewal plan scenarios

- R1: scenario in which one billion trees are planted
by 2030 (government's target)

- R2: scenario in which the target is reached more
gradually

X

B
y ¢ 8+ o0 0 0
E 8§ B & @
§ 7 ¥ & 0 3

* Theoretical scenarios, as management is not directly controlled
by a national removal rate

** AME: with existing measures | AMS: with additional measures (SFEC scenarios)
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Scenarios of downstream evolution (harvest allocation)
- F1: additional harvesting to meet demand (mainly for
construction for BO and 70% for energy and 30% for
construction for BIJBE)
- F2: additional Bl and related products for energy purposes
- F3: additional Bl for energy
- F4: additional Bl in panels
- FS: additional Bl and related products in panels
- F6: same as F5 + additional BO in construction
- F7: same as F6 + decrease in the rate of BO not used in
sawing or veneering
- F8: same as F7 + Iincrease in recycling in France
- F9: same as F8 + domestic recycling of wood waste [
exported recycled material considered
- F10: same as F9 + use of a greater proportion of Bl from the
entire harvest in panels

BO/BI/BE: construction/ industrial/ energy wood

r O
(I

36 scenario
combinations for
“forestry upstream”

.

and

Selection of 20 scenario
combinations
integrating "upstream”
and "downstream” of
the forestry & woed
sector

!

Carbon balance

4| +I?

Wood availability
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Forest sink estimates : based on NFI study

Initialisation data:

Yy

Initial standing resource of production forests : 2020 (2018-2022 NFlI campaigns)

Initial parameters of the dynamics (growth, mortality, wood removals) : 2013-2022 period
(excluding crises for mortality and wood removals)

—> variables modulated according to the climate effect scenarios and management scenarios

Grande région
écologique

Essence de |'arbre .
Chéne

Sapin

Hétre

|
Propriété

¢

Yomanial
Domania

Communal

® =120 strata, subdivided by 3 density

classes, described by diameter class
- By region, type of property, species

French LULUCF Projections | May 2025



Yy

3 Climate impact scenarios

* —— NFI data & A
Historical trend C1 C2 C3

Projections

-

Mortality rate

'

L ' | R b
L4 L |

2050 2020 2050 2020 2050

C1 scenario: An optimistic trajectory, viewing the current crisis as temporary : after the
mortality peak, trends return to a slight historical increase in mortality and a slight decrease

in productivity.

C2 scenario: A trajectory of episodic "waves" of crises, driven by alternating dry and wet
years, following the dynamics observed during past drought-induced crises.

C3 scenario: A pessimistic trajectory, where the current crisis marks a transition to a
permanently higher mortality rate and lower productivity, with a continuing worsening trend

like observed before the crisis.
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3 Climate impact scenarios : use of modulators

Modulators of the climate change
effect scenarios:

Modulators applied on initial natural
dynamics (mortality, growth,
recruitment) based on the orders of
magnitude of variation of the rates
observed by the NFI before and during
the current crisis

French LULUCF Projections | May 2025
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Taux de mortalité moyen* (% de tiges)

'~ Before P
crisis: / \
- +1,7%/yr

Applied to 2012- Applied to 2007-
2021 rates 2016 rates

Yy

—— Scenario C1

—e— Scenario C2
Scenario C3

------- "Background"trend

—e— NFI| Observations

*Taux moyens sur 5 ans du

modéle MARGOT

(pondération par une ressource fixe
pour filtrer les effets essence, greco,
propriété, RDI et classe de diamétre)




3 Climate impact scenarios : use of modulators ()

Local variation of the climate change effect scenarios:

Distinction modulators according to the future compatibility determined by the ClimEssences tool

ClimEssences is a French decision-support tool that models the potential distribution of tree species
under various climate change scenarios, helping forest managers anticipate ecological suitability and
adaptation strategies.

CLIM
ESSENCES

by AFOR@

1. Modulator calculation using NFI data: 2. Distribution by stratum
positive/negative modulation of stands classified as not

compatible by

Pas d’hypothése ClimEssence
d’évolution des

~  modulateurs
% aprés 2050

~ ScénarioC2

Défavorable strate

Mcyeane 3. Calculation of the : G_Publique_sapin pectiné
: B.continental_Publique_Cchéne rouvre
- = Favorable stratum modulator : I_publique_sapin pectiné

G_Privee_Epicéa commun

based on its average B.continental_Privee_cChéne rouvre
vulnerability

Taux de mortalité moyen (% de tiges)

F.gascogne_Privee_Pin maritime 3%
A_Privee_pin maritime
K_Privee_chéne vert 0% 100%
E_Privee_Divers résineux 0% 100%
F.gascogne_Publique_Pin maritime 0% 100%
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3 Climate impact scenarios : some results ()

Changes in standing volume according to climate effect scenarios

—_— .
< 250- Scenario Range of average volume
E — B1_R1.C1 __ g1 Rt ca according to management
— - - scenario (A1 to B3) for each
o 9 — BIR1.CZ — NFiObs. climateimpact scénario CX
(@) h \
g - 200- e i
= 0O
O O /
o
B 150~
S0
N w©
R
o
= i
c 100 .
= & - e &
\l v
P D D Dy

Year
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Overview of one scenario

Yy

Changes in carbon storage in forests in scenario B2_R1_C2

background projection 2020-2050 Compartment:
25"
. deadwood
aeral living
i broadleaved
0 root living

broadleaved

. aerial living
coniferous
root living

. coniferous

25~

Carbon flows in the forest ecosystem,
excluding soils (in MtCO, eq./yr)

-50 -
w— total
75~ .
c2
) 2c:zn 2050
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Scenario intercomparison

Distributipon by category of average annual balances by scenario

25- Scenario C3 Carbon balance
— A Component
Scenano C1 Scenano C2 . storage of living trees

l\.)
U"I

J"l
O

balance, excluding
substitution and

. deadwood storage
. wood product storage
. energy substitution
. material substitution

Average yearly forest-wood carbon balance
erthe period 2020-2050 (in MtCO,, eq./yr)

.75- solls
:\ N _é} N -\ \ === fotal balance,
o C';‘i( 0,(5 Cf},i: &3 Cf}i( c’?" &7 excluding soils
SR S S S R LR SR
8%'\ / Q;g, s Q;\ s Q;L/ Q,q’ )’ q;l,-/ Q;\ / _Q;L
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7 | enine Projections
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2020 2050 2020 2050 2020 2050

Climate scenarios = highest impact

Strong link with the industry sector and
HWP

Temporary sinks in deadwood

Change in integrated up/downstream annual balances by scenario

e
Ayr)
N
=]

projection 2020-2050 pro;ecnon 2050-2080

o
'

N
=3
\

&
=3
'

Yearly forest-wood carbon balanc
ith substitution (in MtCO, eq./yr

v
= BI_R1.C1_F1 == B1 R1.C2 F1 t== B2 R1_C2 F10 == B1_R1_C3_F1

= B2 R1.C1 F1 == B2 R1. C2F1 = B2 R2 C2 F1 == B2 R1.C3_F1
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Conclusions - Limits ()

* Use of an empirical approach, with various scenarios of climate effects, not climate
scenarios, to present possible futures with reaction of the wood industry and effects on the
carbon sink

* Method disconnected from climate variables, or RCP, as models tested were not conclusive

* Lack of retro-effects in existing models, or thresholds effects (e.g. CO2 fertilization effect not
switching to a negative effect when climate conditions deteriorate the potential growth)

* Obvious limits to the validity of the elected scenario for political binding projections.

* Need for further research, multidisciplinary expertise, and the acquisition of additional data
on the climate effects
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‘ Land use modelling
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General concept of the spatially explicit inventory ()

PHASE 1: CREATION OF LAND COVER TIME SERIES

Nomenclatures

I
PRETREATMENTS : =>l
i BT P
TN
Land Use Products = i P _ > i
I
I
I

I

I

I

I

Territorial grid :
Land use time series |
I

I

I

I

I

I

!=_

_|m Data reconciliation algorithm
-+ Acquiring data
P in the grid Lt ————— = -
. PHASE 2: CALCULATION OF CARBON STOCKS AND FLUXES
Grid (0.25 ha)

I
-

|
|
|
|
|
|
Spatial carbon data :
|
|
|
|
|
|

Carbon calculation e - compartment and by

m module year

Stocks and reference flows

I

I

I

~ Carbon stocks and :
_ % fluxes |
By cell, by carbon |

I

I

I

I

I

I

I

French LULUCF Projections | May 2025 25




Skeleton of the projection model

® Same skeleton as the historical

Inventaire 2023

inventory o idu:D14.01326659
* Base unit: 0.25 ha grid (220 M° " nventare: Cous (11l

e Produit : rpg2023

cells)

® The model identifies many land
use changes, as well as
rotations within agricultural
crops. Interrupting this method
to apply another onein
projection creates major
temporal discontinuities

®* A method has been proposed
to continue working with
centroids and carbon
calculations at the grid cell
level.

French LULUCF Projections | May 2025
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Sampling ¢

®* Extraction of 1,000,000 centroids out of the 220 million, with their historical land use series
1990-2022

Centroid Landuse Landuse (...) Landuse
id 1990 1991 2022
- D87_xxx F F C
*1.000 000
D87_xx2 F P P
D87_xx3 w w W

(...)

*220000 000
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Probabilities of conversion (change regime) ()
®* Analysis of historical changes: we focus on the period 2004 - 2014 which is 100% spatially explicit

¢ Calculation of conversion probabilities (based on 2004-2014) : matrices, with average annual conversion
probabilities, for all land use subcategories

®*  Probability distribution:

. . . Vegetable
Grains and Protein Temporary Industrial Permanent Permanent
. crops,
oilseeds crops grassland culture grassland crops
flowers
Grains and
. 85% 2% 5% 2% 3% 1% 0%
oilseeds
Protein
84% 4% 4% 0% 5% 0% 0%
crops
Temporar
POrary 30, 0% 96% 0% 0% 0% 0%
grassland
Industrial
84% 0% 2% 9% 0% 3% 0%
culture
Permanent
15% 0% 9% 0% 74% 0% 0%
grassland
Vegetable
crops, 24% 0% 2% 4% 0% 66% 1%
flowers
Permanent
0% 0% 1% 0% 0% 0% 98%
crops
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Option 1: Simple, unconstrained projection ()

Application of the conversion probabilities on the 1 M° sample of cells, until 2050.
Constant probability law

1 M° sample of centroids

| Centroid

Landuse Landuse (...) Landuse
id 1990 1991 2014
| D87 xxx F F c c c c C C
D87_xx2 F P P P P C C C
D87_xx3 W W W W W W W W
()]
ok B @\
o0 90" W
— 1 >

The carbon stock change modelis applied to each time series, from 1990 to 2050. The results are extrapolated
to the entire territory.

French LULUCF Projections | May 2025
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Option 2: Surface Constrained Projection

®* Modification of the probability matrix to adapt to the net land use area constraints in 2030 and
2050 given by the user.

Historical Probability Law (x_ij_hist)

Temporary. Industrial  Permenent
Erassland  culture gragsland o
:’I:L“:d‘:“" B5% 2% 5% 2% 3% 19 0% ] Grouping into sub-categories
:rr:;asm ate . . o o . o within the matrix, to apply
T L constraints (forests,
3% 0% 26% 0% 0% 0% 0%
grassland grasslands, etc.)
culture
Permanemnt -
15% 0% % 0% 4% 044 (]
grassland
Vezetable
Erops, 24% 0% % 4% 0% 66% 1%
flowers
Permanent
0% 0% 1% 0 0 044 SEY
l:rDEB

®* |nitial surface area: 2014
®* Objectives set by the user: in 2030 and 2050, by major categories of use.
®* Linearinterpolation between 2014 and 2030, 2030 and 2050.

Each year, modification of the probability matrix, responding to these constraints:

- The new probability distribution must make it possible to reach the surface values of the year n+1
- Each cell in the probability matrix should be as close to historical probability as possible to create less
distortion and less carbon impact
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Conclusions - Limits

Yy

® Land use projections raised huge discontinuity issues with the spatially explicit modelling

®* Development of a new projection model based on historical conversions

®* Possible developments to add other constraints to the conversion matrix.
®* Applied for the last update of the LULUCF projections. Unpublished yet.

¢ Still presents difficulties to make the recent results of the historical period and the near
projection to fit.

* Difficulty to constraint a specific dynamic without creating conversions/emissions elsewhere.
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Thank you!
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Le Citepa est une association qui guide les acteurs
de la transition écologique en France et dans le monde.

Elle évalue 'impact des activités humaines sur le climat
et la pollution atmosphérique. Elle produit des données
de référence et développe des solutions pourfavoriser
la réduction des émissions, 'amélioration de la qualité
de Uair et 'adaptation au changement climatique.

Notre équipe pluridisciplinaire participe a la construction
d’un monde durable.

A -
y
Guider l'act
Air&Climat B

I 42 rue de Paradis 0144836883
75010 Paris infos@citepa.org citepa.org
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