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‘ Current reporting state

. Land monitoring, and representation in LULUCF

EO for MRV of carbon removals - Citepa | 08/10/2025



Current reporting state ()

Since 2023 submission:
Geographically explicit monitoring

Before NGHGI

edition 2023 :

Land use change
detection based on
field survey

Ll

« . ” = combination between EO data and
Teruti LUCAS % ];ﬂ spatialized (geographic) statistical data

* Implemented to comply with LULUCF Regulation UE
2018/841

* 3 existing versions for 2023, 2024 and 2025 submissions

e 4th version ongoing for the next inventory
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Model overview ()

* Systematic gridded model for land use change monitoring & resulting carbon
stock changes

* Basic mapping unit: 0,25 ha grid (220 M° cells)

0,25 ha cell: 50m * 50m, and their centroids

%

<029
Time axis I

7990

—> Allows to easily collect any kind of spatialized data for each centroid : land use;
specific carbon stocks ; regional management practices ...
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Model overview ()

PHASE 1: CREATION OF LAND USE TIME SERIES

Nomenclatures
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Products integrated

Yy

Product year Perimeter Pertinent use Continuous or

Data producer

discontinuous

BD Forét IGN variable National Forests only covers forest
(national forest lands
maps)
RPG (« LPIS ») IGN 2010 to 2022 National Agricultural only covers
lands agricultural lands
Urban Atlas CLMS 2006-2012, 2012-2018 | European Settlements Continuous, but
(& annual : 2018) only available for
& change map
urban areas
Corine Land CLMS 1990-2000, 2000- European all Continuous
Cover change 2006, 2006-2012,
map 2012-2018
Natura 2000 CLMS 2006-2012, 2012-2018 | European Natural areas Continuous, but
(& annual : 2018) only available for
& change map .
specific areas
Bdcarto IGN 2018 National all Continuous
BDtopage IGN OFB 2024 National Wetlands Discontinuous
BDtopo IGN 2024 National Settlements Discontinuous

EO for MRV of carbon removals - Citepa | 08/10/2025 6




Nomenclature o
Y 4

72 sub-classes 10 Agricole a définir 100 /Agricole indéfini
Cultures annuelles, légumes et fleurs
110 indéfinies
11bh Blé tendre d'hiver
3 levels of nomenclature 11bp Blé tendre de printemps

11dh Blé dur d'hiver
11dp Blé dur de printemps
11cz Colza

Cross reference tables created for TTan IAvoine d'hiver
each land use input data set 11ap  |Avoine de printemps
111Uf Légumes ou fleurs
11be Betterave industrielle
11cf Choux, racines et tubercules fourragers
11ci Autres cultures industrielles
11ls Légumes secs
- Distinction of a subcategory Cultures annuelles, Lmf _Mais fourrage
when a carbon stock / or ! légumes et fleurs 11mg Mals grain
] o 110h Orge d'hiver
management practice statistic 11op  |Orge de printemps
is available and relevant for 11xc  |Autres céréales

11pf Plantes a fibres
11pg Pois protéagineux
11pm  |Pomme de terre
11sh Seigle d'hiver
11s0 Sorgho

the carbon calculations

1 Agricole
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Land use model description ()

Step 1 : Intersection of centroids with products to collect
land use information

| |
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i. Creation of the grids — > ‘I!l —
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ii. Pre-processing of
cartographic products
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Land use model description ()

Step 2 : Assignation of a reference use for each centroid, based on available information, and a
hierarchy established between products

The reference land use of the centroid is set as the highest ranked product usage available for the centroid.

AAL

Urban Atlas change product Product hierarchy

(2006/2012, 2012/2018)

Chosen due to the hierarchy of
Natura2000 change product IPCC LULUCF land use classes

(2006/2012, 2012/2018) -
) definitions, and the relevance of

Corine Land Cover change product the products

(1990/2000, 2000/2006, 2006/2012, 2012/2018)

Change
products

BDF (NFI forest maps) (ex: 2014) ?

RPG (LPIS) (20104 2020) S
Urban Atlas (207s) /ﬂ\

Natura2000 (20718)

Bdcarto (20718)

EO for MRV of carbon removals - Citepa | 08/10/2025 10




Land use model description ()

* Example of land use product used

Discontinus and highly relevant
for forest land use :
‘BD Forest’ (French national forest

inventory)

4 Discontinus and highly relevant
for agricultural land use :
LPIS data (used for CAP
declarations)

Continus products (Copernicus : Urban Atlas, Natura 2000 -when
available on the area-, Corine Land Cover) ; Bdcarto (French

generalist product)
for settlements and the remaining unfilled areas
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Land use model description

Urban Atlas change product
(2006/2012, 2012/2018)

Natura2000 change product
(2006/2012, 2012/2018)

Corine Land Cover change product
(1990/2000, 2000/2006, 2006/2012, 2012/2018)

Change
products

BDF (NFI forest maps) (ex: 2014 Q
RPG (LPIS) (20104 2020) S

Urban Atlas (207s) /ﬂ\

Natura2000 (201s)

Bdcarto (2018)
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5% of centroids with a change detection by
CLMS product at least once since 1990

N2K Share of reference use

changement _cLC Bdcarto
10%

0% changement
4%
N2K statique

1%
UA

changement
0%
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46%



Application of CLMS change products ()

Step 3 : Land use change application by period for the relevant centroids thanks to the
CLMS change products (Urban Atlas, Natura2000, CLC)

* Change detection by change
/‘MM products for each sub-period
2018 (2012-2018; 2006-2012; 2000-

1990 2000 2226 UA 2012
INENEEEEEEL SN | © 2006; 1990-2000)
* Application of changes: a
XX Product used to determine the reference use year of change is picked
randomly within the sub-
Reference year )
period

(-]
®  Yearofchange
o Compatibility checks

CLMS Change product

* When no change is detected
IRl 2T the land use is extended to the

I I I T T T T I T O T I T O rPrr whole time series
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Conclusions after the general model based on CLMS change ()
products

* Very low detection of forest changes (more than 10 time lower than NFl data for land
converted to forest land), with more deforestation than afforestation (opposite trend
compared to NFI statistics)

- Addition of afforestation/deforestation dynamics (based on wall-to-wall from NFI

maps)

* Low detection of new settlements (compared to land registry statistics),
- Addition of a module for artificialization dynamics (based on national buildings

mapping database)

* Almost no conversion between agricultural uses
- Addition of a module from agricultural rotations (based on LPIS data)

EO for MRV of carbon removals - Citepa | 08/10/2025 14




Improvement of specific dynamics ()

Modelling of new settlements Addition of afforestation and

Buffers applied to each building to create precise urban deforestation dynamlcs

areas and collect the year of construction of the building Comparison (wall to wall) of 2 editions of the
NFI maps, adding treatments to limit false

changes.
= Batiment BDTopo

Artificiel ancien ou non daté

Artificialisation 1970-1990

Artificialisation 1990-2000

- Artificialisation 2000-2010

Artificialisation 2010-2020 Agrl cultural rotations

Direct use of LPIS crop type after 2015
(intersection of LPIS polygons)

Before 2015 : crop rotation model (trained on
recent conversions, fitting with crop statistics
— Markov chains)
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Visualization tool

Orthophotographie IGN 2000-2005 v 1990 v Orthophotographie IGN récente v 2021

Inventaire 2021
* idu: D14 01319445
» Inventaire : Espaces en partie

artificiels batis, nus ou revétus

- [31bn]
* Produit : UAch

Frise des mailles initiales : I I l I I I I I ' l
T ) D O O = O
A o e 5 &

':,j EI l'f;n 1:4 1')'- {{\ :'{\ ;)

;i m
=) == -]
>

» Visualization tool : output of the model overlaid on orthophoto = transparency
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Lessons learned (land use model)

Yy

High impact on land use change rate of :
 Choice of the products and their nomenclatures
 Parameters (e.g. buffers) for wall-to-wall modules
Necessity of having validation datasets

Main advantages:

* The grid allows interoperability and easy integration of new datasets
 Opportunities : forecasting, diffusion of land use changes at municipality scale
* Directlink between land use and carbon calculation model

* Transparency (visualization tool)
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Lessons learned (land use model) ()

* Trade-off between detecting only “true” changes, and not detecting enough
changes

- Risk of false changes when doing direct wall-to-wall methodologies with our
available data

- CLMS validated changes : low dynamics compared with statistical data

* Lack of data for the period 1990-2000 and post 2018.
1. Necessity to add some non cartographic adjustments = final result is not
totally spatially explicit
2. Temporal consistencyis anissue

Increase of complexity compared to the old method :

1. pre-processing, calculation times, data storage
2. need to maintain a remote server
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Gridded carbon stock
change model
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Carbon stocks and fluxes calculation ()

PHASE 1: CREATION OF LAND USE TIME SERIES

year

Reference carlxon stocks

| |
| |
PRETREATMENTS | |
| |
— : Territorial grid :
| Time series of land |
| |
Land use products ] use |
— | |
| |
| |
Data | I
acquisitionin Le————————————_—_————_—_eef e ——_—————_—_— !
thegrid PHASE 2: CARBON STOCKS AND FLUXES CALCULATION
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[ |
— | | |
LIEC] 1
- | I Carbon stocks and |
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: 1* carbon pool and by :
| |
| |
| |
| |
| |
|
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Carbon pools

Yy

* Distinction of specific carbon pools

\
“"'A
0
' Forest Perennial biomass other herbaceous

dead above ground cropland ™ (annual cropland) Il biomass
v.vood biomass - Vi
litter below ground Xl (A ’{

biomass * R gl Ul L

L min soil

org soils
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Carbon stock initialization ()

Initialization of stocks in 1990: Allocation of carbon stocks, by carbon pool according to: land use,
different zoning, agricultural practices

Different zoning used for the spatialization of carbon stocks

: S i) For soil carbon
L RN - o \
S W) 5
et . .
o 7 ¢ & zone climatique
P e i 3 Textire d“_‘ .s B chaud tempéré humide
{otienn ,“\{}”}‘ 4 e [T grossiere chaud tempéré sec
\ B f ? : moyenne | frais tempéré humide
N, o I R moyenne-fine
L G LA T
o Pl / fine
f 3 ‘) | trés fine Vi "
ey o - prom
§ “ §
9
Soil texture mapping [BDGSF - Citepa] Mapping of climate zones [JRC according to IPCC

Mapping of sylvo-ecoregions (IGN)

For forest biomass and deadwood 2006]

Spatialization of the carbon stock in forest biomass by forest type

Foréts feuillus Foréts résineux Foréts mixtes

Stocks biomasse aérienne tC/ha
120

100

80

80

40

20

0
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Carbon stock initialization ()

Land use * carbon reference stock by carbon pool

Aggregations of carbon stocks for
specific carbon pools (on 10km? grid for
visualization)
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Carbon stock initialization

Yy

Biomass in forest biomass

Mineral soils

Aggregations of carbon stocks for
specific carbon pools (on 10km? grid for
visualization)
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Carbon stock changes "=
For each year, comparison of the inherited stock with the new stock (related to the new land use, or different
management practices in the area) 2 Resulting emissions or removals are computed for each cell

Land use t1 Land use t2

Carbon stock t2 by
carbon pool

Carbon stock t1 by
carbon pool

Catégorie Giec : Prairies (Grassland)
Classe d'utilisation : maquis, garrigue [22mq]

Catégorie Giec : Forét (Forest Land)
Classe d'utilisation : Forét mixte [21fm]

f \ flux liés a la conversion f \
™~ stock initial pertes gains stock final
* The carbon stock : lb_f_a [Jjj 8tc/ha + — ] 54tcC/ha
change can be b_fr [J] 12tc/ha + » [l 16tc/ha
interrupted by Q lb_hh [l 0,5tC/ha - > [l 021tC/ha
Zone pédoclimatique1 .1 | | .
another land use texture pédologique grossiére It i :0tC/ha + L » [l otC/ha
change. climat chaud tempéré humide S_min . T1tC/ha - - . 71tC/ha
Sylvoécorégion | |
Cévennes dw { :i0tC/ha + — [l stc/ha
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Lessons learned (carbon calculations) ()

Flexibility of the method to be combined with spatialized stocks, management
practices...

Distinction of biomass types (correct gains and losses methods)
Harmonization of the calculation for all land use changes, all pools, and changes in
management for agricultural soils.

Increase of complexity compared to the old method (calculation times, data storage)

High impact of :
1. The choice of the speed of conversion to the new carbon reference stock
2. The decision whether to differentiate stocks between subcategories (e.g.
herbaceous stocks among cropland types)
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Planned improvements and
other uses



Improvements of the land use model in the last publications

Yy

Past submissions

2024 submission :

* new dataset for road infrastructure detection and related land use changes (new
settlements)

* new dataset for detection of water bodies and related land use changes

2025 submission :
* new dataset for organic soils and detection of drainage

Planned developments
* |Improvement of green features detection in settlements and related carbon stock changes

* Switch to the use of a new dataset with whole coverage for France (OCSGE), and difference
maps (with validated changes)

* Application of the gridded approach for the Oversea territories

* Use of new activity data products for agricultural practices
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Use of the results (current state and possible developments) ()

The gridded data (land use changes and carbon fluxes) is

* Forthe LULUCF UNFCCC reporting : at the country level, but with publication of data by
region

* Forforecasting : land use patterns are analyzed at the grid level, and reproduced for
forecasting the LULUCF sink (projections for 2050), with a possible user constraint
- Use for the update of the National low-carbon strategy

* Atthe municipality scale : land use changes and carbon fluxes are extracted by municipality
to allow the tracking of local policies [first publication this year, combined with the spatial
disaggregation of other LULUCF carbon sink components]

* R&D: link with adaptation and biodiversity - the land use timeseries can be used to define
risk indicators and the gridded approach allow for easy intersection with other types of
dataset
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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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