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The emissions and removals from land use, land use change and forestry (LULUCF)
are annually reported by the EU MS as part of the reporting requirements of the
UNFCCC and the EU mechanism for monitoring and reporting of greenhouse gas
emissions (Regulation (EU) No 525/2013).

By the adoption of the LULUCF regulation in 2018 (Regulation EU 2018/841),
this has become part of the 2030 Climate and Energy targets, introducing as
requirements:

- the use of geographically-explicit land-
use conversion data (IPCC Approach 3)

- at least tier 2 (nationally relevant
emission calculations) and ideally tier 3 

for key categories of emissions and 
removals

REPORTING OF THE LULUCF SECTOR

BACKGROUND

CRUCIAL ROLE IN SUPPORTING THE EU 
MEMBER STATES’ ACCOUNTS/REPORTS



BACKGROUND

Four main axes of the Project at the EU level:

1. Understanding of the reporting system of each National Emissions Inventory

System, i.e. (spatial information used, needs and gaps) through stakeholder

engagement fostering an active Copernicus User Uptake

2. Analysis on which Copernicus datasets can be used by MS (i.e. CLMS as the

forthcoming CLC+) to support LULUCF emission calculations;

3. Methodological proposal about improvements of LULUCF reporting by

including Sentinel and other Copernicus data into ad hoc modelling frameworks

4. Standardized MS and pan-European approaches for proposed solutions

ONGOING ACTIVITIES AT THE EU LEVEL

FPCUP ACTION 2019-2-49 

Developing support for monitoring and reporting of GHG emissions and 

removals from land use, land use change and forestry (LULUCF) in selected

Member States (MS) on the basis of EU Regulation on (EU) 2018/841. 



www.lulucf.ihcantabria.com Implementation in Spain: 

1. Technical needs of data for LULUCF reporting at the

MS level, in exchange with the Ministry of Ecological

Transition and Demographic Challenge (MITERD)

2. Definition of “Gaps” of information for LULUCF 

reporting. Methods and datasets for defining solutions

based on existing methodologies: a) CLMS data (CLC+ 

and HRLs), b) Spatial modelling and monitoring using

Sentinel/other RS sources and data mining/AI apps

3. Success stories with support of the Advisory Research

Group (Research centres and private companies –

IT/RS) that capitalize existing knowledge in 2a) and b)

4. National-level workshops with stakeholders for

demonstration (NUTS2) of Copernicus solutions for

LULUCF monitoring

ONGOING ACTIVITIES AT THE MS LEVEL (SPAIN)

FPA CUP Action 2019-2-49 in Spain



ONGOING ACTIVITIES AT THE MS LEVEL (SPAIN)

FPA CUP Action 2019-2-49 in Spain

Three additional objectives: 

1. Validation of the National Emissions Inventory, i.e. time       

series of changes validated through time series of RS data;

2. More specificity in the LULCC types to be mapped (FL, GL, 

CL, Wl…) and carbon pools by using spatial datasets

available at the regional, national and EU levels or derived

by specific analyses from projects or monitoring programs

using Copernicus data and services as time series of S2…

3. Update of the LULC database using RS and auxiliary

information, including future scenarios and uncertainty



CURRENT REPORTING ACTIVITY IN SPAIN

• Competent authority of Spanish Emissions Inventory System (SEI)
Directorate-General for Quality and Environmental Assessment (DG-CEA) at the Ministry 
for Ecological Transition and Demografic Challenge (MITERD)

• Executive body
Subdirectorate-General for Clean Air and Industrial Sustainability (SG-ALSI)
Inventories Unit

• Regulatory framework
Royal Decree 818/2018 of 6 July, designates the Directorate-General for Quality and 
Environmental Assessment as Authority in charge of the National Inventory System (SEI)

• Focal Points Network
Designated in 2009 and updated every year

• Technical Working Groups for each sector
Land Use Land Use Change and Forestry.(GT-LULUCF) 

FPA CUP Action 2019-2-49 in Spain



CURRENT REPORTING ACTIVITY IN SPAIN
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CURRENT REPORTING ACTIVITY IN SPAIN

Spanish National Inventory System (SEI)

More than 25 years of experience

The national inventory provides valuable information in order to fulfil international commitments:

Geneva Convention on Long-Range Transboundary Air Pollution and its Protocols. Annual report and estimate of 
acidifying pollutant and ozone precursor emissions, heavy metals, particles and persistent organic pollutants.

United Nations Framework Convention on Climate Change, Kyoto Protocol and Paris Agreement. Annual report and 
estimate of greenhouse gas emissions.

European Union:

 Regulation (EU) No. 525/2013 of the European Parliament and of the Council on a mechanism for monitoring and 
reporting greenhouse gas emissions and for reporting other information at national and Union level relevant to 
climate change and repealing Decision No. 280/2004/EC.

 DECISION No 529/2013/EU of the European Parliament and of the Council on accounting rules on greenhouse gas 
emissions and removals resulting from activities relating to land use, land-use change and forestry and on information 
concerning actions relating to those activities

 DIRECTIVE (EU) 2016/2284 of the European Parliament and of the Council on the reduction of national emissions of 
certain atmospheric pollutants, amending Directive 2003/35/EC and repealing Directive 2001/81/EC
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CURRENT REPORTING ACTIVITY IN SPAIN

Period

time
Source

Surfaces estimated by mapping process

1990-

2005

- CORINE LAND COVER (CLC) 1990, 2000 y 2006(1), and their change use 

mapping. 

- National Forest Map. 1:50.000 (MFE50) 1996-2007(2); 

- Croplands and Exploitation Map (MCA), editions1980-1990 y 2000-2010(3)
.

2006-

2012

- Change forest use mapping (Foto Fija del MFE (FF) 2009 and  2012(4). 

Deforestations from FL a CL, WL y SL.

2013-

2018

- Deforestation surfaces are mantained since 2012 for transitition from FL to CL 

and ST. For transitition from FL to WL the average is applicated for the 2006-

2012 period. In adittion, from transitition from FL to GL, the anual transitition

Surface is extrapolated until complete the serie.

Current information sources used in LULUCF
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CURRENT REPORTING ACTIVITY IN SPAIN

Challenge for 2022 NIR

 New LULUCF mapping project: an important challenge

 New technologies need to be considered and implemented

 Coordination between different stakeholders

 FPACUP project is a very important input for: 

- Gap filling
- Innovation



What has been done 
until now and how

this will evolve?

“Implementation” of Innovation
pipeline and publication of research

brief on Copernicus and LULUCF 

Information needs
Gap analysis

Success stories

Use of current data
Potential of CLMS 

MERGING ACTIVITIES - EU / MS (SPAIN) LEVEL

www.lulucf.ihcantabria.com

Subcontractor

Which information is used
and which Gaps exist? 
Which solutions to apply?

FPA CUP Action 2019-2-49 in Spain



2 core group 
meetings

• Wish list: Actual spatial 
data needs for LULUCF 
reporting

Data organisation

•IHC organised data to 
identify information gaps

Ministry identified
information gaps

•Series of working groups
per land use category

•Inter-ministerial 
participation

•16 sessions

Identification of 
INFORMATION NEEDS, GAP ANALYSIS

ONGOING ACTIVITIES AT THE MS LEVEL (SPAIN)

FPA CUP Action 2019-2-49 in Spain



Nivel 1 Nivel 2 Nivel 3

1. Tierras forestales (FL)

1 Forestaciones/reforestaciones 

2 Identificación de otras perturbaciones naturales

3 Identificación de aprovechamientos forestales de madera y leña

2. Tierras de cultivo (CL)

4 Carbono orgánico del suelo (COS) en cultivos agrícolas

5 Discriminación de cultivos de secano y regadío

6 Identificación de tierras en barbecho

7 Identificación de prácticas de gestión de CL herbáceos

8 Identificación de prácticas de gestión de CL leñosos

9 Identificación del sistema de gestión de residuos de cultivo y poda

3. Pastizales (GL)

10 Mapas de vegetación (mejora de la cartografía para FCC<20%)

11 Cuantificación de los depósitos de carbono

12 Discriminación de pastos por tipos de gestión

13 Discriminación de los pastizales por aprovechamiento

4. Humedales (WL)

14 Mejoras en la identificación de usos en humedales (piscifactorías, salinas, marismas, etc.)

15 Discriminación entre tipo de humedales

16 Seguimiento de procesos relacionados con el agua y los sistemas húmedos: 

ID Gap
TIPOLOGÍA Entidad/Persona que 

propone la solución

ONGOING ACTIVITIES AT THE MS LEVEL (SPAIN)
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Solución CLMS

Nivel 1 Nivel 2 Nivel 3
Productos CLMS 

disponibles
PROYECTO 

TECNOLOGÍA 

PROPIA
1 2 3 4 5

1. Tierras forestales (FL)

1 Forestaciones/reforestaciones x

1 Ocurrencia JCL / GRA x x JCL: AltaJCL: Cambiar normativa para que tenga algún control administrativo o un HRL específico de cambios GRA: redes neuronales profundas (deep learning) para land cover mapping

2 Identificación de especies COT x x AltaAlgoritmos de TIERRA 3 para detectar coberturas del suelo

3 Seguimiento del éxito JCL x x Sin datoUtilización directa de productos  CLMS actuales.

2 Identificación de otras perturbaciones naturales x

1 infestaciones de enfermedades ITD x x AltaAnálisis estadístico de la tendencia mensual de índices espectrales (NDVI, NDRE1, NDRE2) derivados de datos Sentinel 2 sobre masas arboladas.

2 plagas de insectos GRA x AltaSistema REMOTE basado en MODIS, aunque se está implementando en Sentinel-2

3 eventos climáticos extremos (vendavales, etc.) GRA x AltaSistema REMOTE basado en MODIS, aunque se está implementando en Sentinel-2

4 perturbaciones geológicas COT x x Altadatos SAR de la plataforma Sentinel1 basado en tecnologías de interferometría D-INSAR

3 Identificación de aprovechamientos forestales de madera y leña

1 clareos GRA x Altaredes neuronales profundas (deep learning) para land cover mapping (mismos métodos que en ocurrencia de forestaciones)

2 podas

3 cortas ITD x x AltaAnálisis estadístico de la tendencia mensual de índices espectrales (NDVI, NDRE1, NDRE2) derivados de datos Sentinel 2 sobre masas arboladas. 

4 saca de madera, etc. 

5 cuantificación de la biomasa extraída

2. Tierras de cultivo (CL)

4 Carbono orgánico del suelo (COS) en cultivos agrícolas

1 estimación GRA / INT / BC3 x x
GRA: Alta

INT: Media
GRA: sistema REMOTE basado en MODIS pero se está implementando en Sentinel2INT: Estimación de carbono orgánico en el suelo a partir de datos hiperespectrales.BC3: mediante modelo KEYLINK

2 seguimiento

5 Discriminación de cultivos de secano y regadío x

6 Identificación de tierras en barbecho

1 tiempo que llevan en barbecho

7 Identificación de prácticas de gestión de CL herbáceos

1 siembra

2 laboreo

3 riego COT x x AltaCOT: Algoritmo desarrollados para determinar las necesidades de agua en el regadío en España a través de Sentinel

4 fertilización

5 poda

6 superficie afectada por la práctica

8 Identificación de prácticas de gestión de CL leñosos

1 laboreo

2 riego COT x x AltaCOT: Algoritmo desarrollados para determinar las necesidades de agua en el regadío en España a través de SentinelIHC: Reflectancia de las hojas y el contenido de agua de las mismasIHC: Índice de área foliar, biomasa del tallo y concentraciones de cinco nutrientes foliares

9 Identificación del sistema de gestión de residuos de cultivo y poda

1 permanencia en campo sin quema

2 quema en campo

3 retirada

3. Pastizales (GL)

10 Mapas de vegetación (mejora de la cartografía para FCC<20%) x

1 leñosa arbolada COT x x x Altaalgoritmos desarrollados dentro del proyecto TIERRA 3 

2 leñosa arbustiva x

3 herbácea x

11 Cuantificación de los depósitos de carbono

1 biomasa viva aérea

2 biomasa viva subterránea

3 madera muerta

4 detritus y carbono orgánico del suelo BC3 x x Sin datos Modelo KEYLIN

5 contenido de carbono

12 Discriminación de pastos por tipos de gestión x

1 laboreo x

2 riego

3 fertilización

4 mejora de especies

13 Discriminación de los pastizales por aprovechamiento IHC x x Sin datosUso de series temporales de Sentinel 2

1 siega

2 pastoreo

3 intensidad del aprovechamiento x

4 intensivo

5 extensivo

4. Humedales (WL)

14 Mejoras en la identificación de usos en humedales (piscifactorías, salinas, marismas, etc.) EBD/IHC x x x Sin datosBasándose en el tiempo de permanencia del agua o hidroperiodo. Se usa una cartografía periódica de inundación e hidroperiodo con Landsat.IHC: a través de imágenes de Landsat y Sentinel-2

15 Discriminación entre tipo de humedales x

1 lagos COT x x Bajaalgoritmos desarrollados dentro del proyecto TIERRA 3 

2 salinas COT x x Bajaalgoritmos desarrollados dentro del proyecto TIERRA 3 

3 marismas COT x x Bajaalgoritmos desarrollados dentro del proyecto TIERRA 3 

4 embalses COT x x Bajaalgoritmos desarrollados dentro del proyecto TIERRA 3 

5 estanques

6 balsas

7 piscifactorías

8 ríos COT x x Bajaalgoritmos desarrollados dentro del proyecto TIERRA 3 

9 canales

10 acequias

11 arrozales UMA x AltaTransformación Tasseled Cap en imágenes Landsat 5 TM para obtener índices de verdor y humedad (Greenness and Wetness) y se creó un clasificador con un árbol de decisiones en base a la estacionalidad del cultivo. Transferible a las imágenes Sentinel 2, pudiendo usar NDVI y MNDWI en lugar del Tasseled Cap. importante conocer la fenología y el procedimiento de cultivo/siega del arrozal 

16 Seguimiento de procesos relacionados con el agua y los sistemas húmedos x

1 variación del nivel de las masas de agua UMA / UVA/ EBD x x x
UMA: Alta

UVA: Alta
UMA: uso de MNDWI y la correspondiente máscara binaria que distinguía las zonas con o sin agua (generalmente, MNDWI > 0 para zonas con agua).UVA: Desarrollo de algoritmos basados en programación genética para la determinación de la variación de la cobertura de agua y vegetación en lagos someros y humedales. Escalable a nivel europeo y adaptable a Copernicus mediante afinamiento de los algoritmos usados EBD: producto de Copernicus Land, Water level 

2 alteración en los tiempos de residencia del agua EBD x Sin datosEarth engine y global surface water

3 tasas de sedimentación de las masas de agua

SOLUCIÓN: descripción/citaTIPOLOGÍA Calidad de la 

solución (Baja, 

Media o Alta)

SOLUCIÓN

ComentariosID Gap
Entidad/Persona que 

propone la solución
Solución propuesta

16 major groups, 73 in total



2 core group 
meetings

• Wish list: Actual spatial 
data needs for LULUCF 
reporting

Data organisation

•IHC organised data to 
identify information gaps

Ministry identified
final information
gaps

•Series of working groups
per land use category

•Inter-ministerial 
participation

ETC-UMA reviews
data gaps for
coupling with CLMS

Identification of 
INFORMATION NEEDS, GAP ANALYSIS

Search for
EXISTING SOLUTIONS, NEW APPROACHES
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BACKGROUND

EEA in its role to support Members States and as Entrusted Entity for CMLS work on
promoting the use of Copernicus data and services for LULUCF

Tasks (2019 – ongoing): Support to LULUCF/Copernicus 

• cross-check of information needs (categories, thresholds, etc.) and CLMS definitions, including
nomenclature analysis

• In-Depth analysis and validation for specific countries (ES, AT, LU) and specific land use 
categories. 

• Support of Copernicus Land Workshop on LULUCF:
https://land.copernicus.eu/user-corner/events/using-copernicus-land-monitoring-services-clms-
to-support-the-land-use-land-use-change-and-forestry-lulucf-regulation

ETC-UMA, as partner of the ETC ULS, supports the EEA in their facilitating role for the
implementation of the EC regulation 2018/841

Assess potential of (current and future) CLMS products 
as input data to comply with the LULUCF requirements 

MERGING ACTIVITIES - EU / MS (SPAIN) LEVEL



BACKGROUND
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EAGLE EiONET Action Group on Land Monitoring in Europe

Source: EAGLE
NRC-LC Webinar: 23. April 2020

Towards Land use ingestion in CLC+ Core for the development
of CLC+ instances (demonstrated for LULUCF)

BACKGROUND

HRL

MERGING ACTIVITIES - EU / MS (SPAIN) LEVEL



2 core group 
meetings

• Wish list: Actual spatial 
data needs for LULUCF 
reporting

Data organisation

•IHC organised data to 
identify information gaps

Ministry identified 
final information 
gaps

•Series of working groups 
per land use category

•Inter-ministerial 
participation

ETC-UMA reviews
data gaps for
coupling with CLMS

Discussion with
Advisory Group and 
identification of 
success stories

•Including survey among
experts

Identification of 
INFORMATION NEEDS, GAP ANALYSIS

Search for
EXISTING SOLUTIONS, NEW APPROACHES
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ADVISORY RESEARCH WORKING GROUP

FPA CUP Action 2019-2-49



COPERNICUS USER UPTAKE… workshops

https://vimeo.com/user/12557206/folder/4398359

FPA CUP Action 2019-2-49 in Spain



ONGOING ACTIVITIES AT THE MS LEVEL (SPAIN)

FPA CUP Action 2019-2-49 in Spain



ONGOING ACTIVITIES AT THE MS LEVEL (SPAIN)

https://lulucf.ihcantabria.com/encuesta/ 

16 major groups, 73 in total: SELECTING THOSE WITH MAJOR EXPERTISE!

FPA CUP Action 2019-2-49 in Spain



2 core group
meetings

• Wish list: Actual spatial
data needs for LULUCF 
reporting and wish list

Data organisation

•IHC organised data to 
identify information gaps

Ministry identified
final information
gaps

•Series of working groups
per land use category

•Inter-ministerial 
participation

ETC-UMA reviews
data gaps for
coupling with CLMS

Discussion with
Advisory Group and 
identification of 
efficient solutions

•Including survey among
experts and bibliography -
project reviews

Presentation of six
success stories and 
potential funding of 
innovative RS-based
approaches

Identification of 
INFORMATION NEEDS, GAP ANALYSIS

Search for
EXISTING SOLUTIONS, NEW APPROACHES

Funding opportunities for Copernicus User 
uptake: project development and 

implementation in LULUCF sector and beyond

ONGOING ACTIVITIES AT THE MS LEVEL (SPAIN)
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SUCCESS STORIES - Earth Observation for Wetlands

Remote sensing (Copernicus) analysis: biophisical indices

Predictive model of carbon sequestration from living  biomass

FPA CUP Action 2019-2-49 in Spain



SUCCESS STORIES - Carbon pools accounting

Satélite Análisis de regresión Modelo R2 p 

Landsat GNDVI vs. Corg %PS Corg %PS = 32.41 + 15.51*GNDVI 0.68 <0.0001 

GNDVI vs. mg Corg cm-2 mg Corg cm-2 = 1.85 + 1.011*GNDVI 0.21 <0.001 

ARVI vs. Corg %PS Corg %PS = 32.46 + 21.14*ARV 0.85 <0.0001 

ARVI vs. mg Corg cm-2  mg Corg cm-2 = 1.84 + 1.20*ARVI 0.2 0.001 

Sentinel-2 RVI vs. Corg %PS Corg %PS = 9.90+ 11.09*RVI 0.5 <0.0001 

RVI vs. mg Corg cm-2 mg Corg cm-2 = -0.19 + 1.01*RVI 0.31 <0.0001 

ARVI vs. Corg %PS Corg %PS = 25.56+ 27.56*ARVI 0.35 <0.0001 

ARVI vs. mg Corg cm-2  mg Corg cm-2 = 1.23 + 2.59*ARVI 0.23 0.0005 

 

Remote sensing (Copernicus) analysis: biophisical indices

Retrospective analysis
about carbon sinks Current carbon sinks

In situ data

Predictive model of carbon sequestration from living  biomass

FPA CUP Action 2019-2-49 in Spain



Mapping habitat
types (EUNIS, EC)

Mapping broad-scale vegetation patterns (EUNIS)  
in complex mountainous territories across time

Habitat maps using RS based modelling techniques in Natura 
2000 Network in Cantabria (NW Spain)

3. Management 
Plan-Local actions

1. Spatial 
distribution

2. Conservation 
Status

Annex I HabDir

Álvarez-Martínez et al, 2018

SUCCESS STORIES - mapping vegetation types
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Annex I of HabDir
EUNIS, LPHTE 

0                      1E 1:50 000Local Area Of Occupancy
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SUCCESS STORIES - mapping vegetation types



Processing in real time of data series of imagery

Landsat, MODIS and Sentinel 2

Data for the 1980s - present period - future (scenarios)

January March May July September November 1980s - 2020

SUCCESS STORIES - ecological status and trends

FPA CUP Action 2019-2-49 in Spain



Processing in real time of data series of imagery

Landsat, MODIS and Sentinel 2

Data for the 1980s - present period - future (scenarios)

January March May July September November 1980s - 2020

SUCCESS STORIES - ecological status and trends

FPA CUP Action 2019-2-49 in Spain



SUCCESS STORIES - ecological status and trends
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LIFE grassCARBON

8 associated beneficiaries across Spain and EU

…

FUNDING OPPORTUNITIES FOR SOLVING GAPS

+ Congresses (IGARSS) and papers (Remote Sensing special issue)

FPA CUP Action 2019-2-49 in Spain

https://igarss2021.com/tutorials.php



HIGHLIGHTS OF THE PROCESS

LULUCF needs
Innovative solutions

Coordinated capabilities

COPERNICUS USER UPTAKE…

Capitalizing research
Increasing strength



HIGHLIGHTS OF THE PROCESS

Member states express 
their needs, gaps, sharing 
national info (if exits) and 
solutions for an improved 

LULUCF reporting

Promote the usefulness of EO 
data and Copernicus services
to serve concrete user needs

Make existing R&I -
knowledge available to 

users through a 
collaborative approach

Copernicus Land provides 
adapted products (CLC+, 

EAGLE nomenclature, 
HRLs, local components) 
that aim at adapting to 
user needs. RS data and 

methods allow advancing 
reseacrh through 

innovative approaches

Cross-fertilise and create
synergies between EU 

financed initiatives

Show the added value of the Copernicus data and 
products to engage with public authorities and 

other Copernicus beneficiaries

… FOR MONITORING AND REPORTING
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