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Welcome to today’s public webinar!

“Mapping future land-use 
and land cover patterns”

15 February 2024, 13:00-14:00 CET, online



Agenda –15 February 2024
13:00-13:05 Brief introduction of the Europe-LAND project

Franziska Wolf (Hamburg University of Applied Sciences, Germany - HAW)

13:05-13:20 Land use/Land cover modelling perspective to identify and manage climate 
change impacts and support biological diversity: forested areas, wetlands

Maris Klavins, Karina Stankevica and Janis Krumins (University of Latvia, Latvia - LU)

13:20-13:35 Modelling land use/land cover changes using CLUE-S. Applications in Romania
Gheorghe Kucsicsa (Romanian Academy, Institute of Geography, Romania - IGAR)

13:35-13:45 Database on existing LU/LC patterns and Database on LU/LC modelling tools –
current state and further development

Lucie Kupkova (Charles University, Czech Republic - CU)

13:45-13:50 Land use changes of wetlands from the perspective of stakeholders
Ingrida Krigere (Latvia‘s Peatland Association, Latvia)

13:50-14:00 Q&A and end of the webinar
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Franziska Wolf, Hamburg University of 

Applied Sciences, Germany

“Introducing the Horizon Europe project 
“Towards Sustainable Land-use Strategies 

in the Context of Climate Change and 
Biodiversity Challenges in Europe”



Europe-LAND in a nutshell

• Consortium: 13 partners (12 countries, 8 cases), 2 Associates (FIN, LIT)
• Duration: 1 June 2023 til 31 May 2027

Main Objective: 

to identify, develop, test and implement integrated tools to improve the understanding of the factors behind
land-use decisions as well as the stakeholders‘ awareness and engagement in terms of climate change and 
biodiversity challenges across Europe. 

This includes increasing the knowledge base on how such decision can be oriented towards the efficient and 
socially responsible pursuit of multiple policy objectives on various scales in order to gain a national, regional 
and pan-European vision that supports land-use strategies, climate change mitigation and adaptation, as well
as biodiversity conservation.

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect 
those of the European Union or EC-CINEA. Neither the European Union nor the granting authority can be held responsible for them.



Methodology

Tasks include:

- national-level analyses (e.g. 
harmonization of fragmented
European data) - land use/land
management surveys, 

- modelling of land-use changes
(basis: CLUE model), complemeted
by

- cross-cutting feature: 8 local cases
(allowing for East-West comparison) 
as demonstrators and

- capacity-building (open access!)



Save-the-dates
Upcoming project activities

- 14 Mar 2024 – Europe-LAND’s 5th public webinar on “Introducing the Europe-LAND Case Studies”

- 18 Apr 2024 – Europe-LAND’s 6th public webinar on “Exploring the potential of Telecoupling for improving
European land management”

- 16 Apr 2024 - for EU Research Projects + EU Policy Officers only: EU Science Policy dialogue (online)

- Meet our researchers at the following conferences:
• 24-27 June 2024: 10th Nordic Geographers Meeting, Copenhagen, Denmark
• 26-28 June 2024: IAMO Forum – the functions of land in times of change, Halle, Germany
• 24.-30 Aug 2024: 35th International Geographical Congress 2024, 24th to 30th August 2024 in Dublin,

Ireland

All events are announced on the project website www.europe-land.eu



Thank you for your attention!

Team Hamburg
Prof Walter Leal, Franziska Wolf, Jasmin 
Röseler, Dominique da Silva

Hamburg University of Applied Sciences, 
Research and Transfer Centre 
„Sustainable Development and Climate
Change Management“, Ulmenliet 20,
D-21033 Hamburg, Germany
Contact: info@europe-land.eu

Project website: www.europe-land.eu

Join our LinkedIn Community at https://www.linkedin.com/company/europe-land/

mailto:info@europe-land.eu
http://www.europe-land.eu/
https://www.linkedin.com/company/europe-land/
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Land use/Land cover modelling perspective 
to identify/manage climate change impacts 

and support biological diversity: 
forested areas, wetlands
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WP 4 Mapping of Future Expected Land Use and Land 
Cover Patterns Consistent with Long-Term Objectives

Objective: To undertake the mapping of future expected land 
use, with a focus on climate change and biodiversity
challenges, and by analysing the current situation and future 
trends



Aim: Assessment of land use and land cover (LU/LC) change spatial modelling tools and databases, 
considering impacts of climate change, mitigation potential and biodiversity

Aim: Gathering and harmonisation of location factors and driving force data and related transition role 
development 

assessing LU/LC pattern change
for the main LU/LC categories:
- total amount of change
- annual rate of change
- linear trend of change 

assessing the effect of DFs on each
LU/LC category to:
- estimate the influence: direct(+) / inverse(-) 
- estimate the explanatory power: low / high 
- to rank DFs

(binary) logistic parametric model (!)

To estimate the 
contribution
of determinant 
factors of
LU/LC change

Driving factors (DFs) of change

 Environmental factors: e.g., topographic related-; 
climate related-indicators…

 Demographic factors: e.g., population growth; 
population density; migration-related indicators…

 Economic factors: e.g., employees; livestock 
breeding…

 Accessibility: e.g., distance to settlements; 
distance to towns; distance to roads…

 Other: e.g., policy regulation

Past LU/LC change ( -2023)

 CORINE, USGS Land Cover data base 



Task 4.1 + 4.2 Task 4.3 

Past LU/LC change
(national level)
Data coverage: >1990

Driving factors of change
(national level)
 Environmental
 Demographic
 Economic 
 Accessibility

Future LU/LC change
(national level)
 Baseline scenario
 Hypothetical scenarios

Aim – to evaluate how the static and dynamic driving factors trigger LUC change and to provide scenarios to estimate the 
magnitude and location of LUC transitions, according to the specific environmental and socio-economic conditions in order 
to provide a better understanding of LUC trajectories and, therefore, to adopt appropriate land-use planning and strategies in relation to 
climate change and environmental policy; a CLUE- S, TERRSET or other model approach of future expected changes, 
considering transitions towards sustainability, will be performed as case study
Aim - define a set of standardized indicators of LU/LC transition for the purpose of future monitoring if the desirable trajectories are 
followed. Data source and methods to calculate these indicators will be stated, and the indicators will be published and offered to 
the EU authorities for the monitoring of land-use change and evaluation of its sustainability.



Development steps for LU/LC forecast model



Development LU/LC forecast model:
0 Idea & Plan

This section covers the 
initial stage of 
developing a predictive 
model, which includes 
defining the problem, 
setting goals, 
interacting with 
stakeholders, and many 
other key aspects.



Development LU/LC forecast model:
1 Collecting & Preparing Data

 Data Sources: Diverse sources including 
remote sensing, GIS, field surveys, and 
climate data.

 Spatial Data Processing: Steps such as 
cleaning, integration, and 
standardization to ensure data quality.

 Mapping Existing Land Use: Classifying 
land cover types and identifying regions 
of interest for baseline modelling.

Critical Phase in Predictive Model Development



Workflow for LC Analysis & Prediction



Baltics Aiviekstes Zeme Teiči Strict Nature Reserve 

0 100 km

Regional Scale Local Scale Case Study Polygon

0 30 km 0 10 km



Case Study Area - Teiči Strict Nature Reserve 

• Strict nature reserve – wetland, 
Ramsar site, unique ecosystem, 
of importance for biodiversity 
protection from regional 
perspective

• Highly vulnerable to climate 
change impacts 

• Human activities might have 
major consequences

Author: Julita Kluša



Teiči Strict Nature Reserve

0 4 km

Elevation Road Infrastructure Invasive Plants

0 4 km0 4 km0 4 km

Zoning

112   discontinuous urban fabric
211   non-irrigated arable land
231   pasture
242   complex cultivation pattern
243   land principally occupied

by agriculture

311   broad-leaved forest
312   coniferous forest
313   mixed forest
324   transitional woodland-shrub
412   peat bog
512   water body



Teiči Strict Nature Reserve

1982

2023

1991

0 8 km

Land Use Presistence

Land Use Presistence

0 8 km

112   discontinuous urban fabric
211   non-irrigated arable land
231   pasture

242   complex cultivation pattern
243   land principally occupied by

agriculture

311   broad-leaved forest
312   coniferous forest
313   mixed forest

324   transitional woodland-shrub
412   peat bog
512   water body

0 8 km

0 8 km0 8 km

1982-1991

1991-2023

0 8 km

Land Use Presistence



211   non-irrigated arable land
231   pasture
242   complex cultivation pattern

243   land principally occupied
by agriculture

311   broad-leaved forest

312   coniferous forest
313   mixed forest
324   transitional woodland-shrub

412   peat bog
512   water body

losses
persistence
gains

Land Cover Changes

Teiči Strict Nature Reserve

Transitional - Woodland Shrubs

Mixed Forests1982 - 1991 1991 - 2023

1982 - 1991 1991 - 2023

Contribution to Net Change in Mixed Forests (1982-1991) Contribution to Net Change in Mixed Forests (1991-2023)

Contribution to Net Change in Transitional – Woodland Shrubs (1982-1991) Contribution to Net Change in Transitional – Woodland Shrubs (1991-2023)



Probability for the land cover change to 
non-irrigated arable land in next 40 years

Probability for the land cover change to 
peat bog in next 40 years

Currently undergoing land cover change 
processes

Undergoing Change Process Markovian Conditional Probability of 
Being Non-Irrigated Arable Land

Markovian Conditional Probability of 
Being Peat Bog

attrition
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Outlook

• Database on modelling tools (open access generalized database) of main 
types of the modelling tools that can serve as an operational tool for users

• Focus: modelling tools related to LU/LC changes in agricultural land, wetlands
and forests. 

• Identification and if needed digitization of cartographical material of 
importance for characterization of LU/LC situation

• Inputs from project partners on socio-economic factors affecting future LU/LC 
change scenarious

• Climate change impacts, nature restoration needs as key factors at elaboration
of LU/LC future change scenarious



Thank you for attention!
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empirical-statistical & spatially explicit models

1. CONTEXT 

The LUC modeling: as an essential part of understanding the potential future developments. It
helps in decision-making processes and allows for the assessment of the impacts of different
policies or interventions on LUC patterns.

with the purpose of explaining and predicting
LUC pattern, supporting the analyses of
potential LUC changes under multiple scenarios

LTM (Land Transformation Model)
MARKOV CHAINS

Logistic Regression

SLEUTH (Slope, Land use, Exclusion,
Urban, Transportation, Hillshade)

CLUEs

CELLULAR AUTOMATA

inductive / deductive

pattern / agent-based

dynamic or static

spatial / non-spatial

uncombined / hybrid

regionally / globally

LEAM (The Land-use Evolution
And Impact Assessment Model)

SVMs (Support Vector Machines)

ANN (Artificial Neural
Networks)

Webinar: “Mapping future land-use and land cover patterns – the Europe-LAND approach”

to design appropriate plans for 
sustainable land management 

at different spatial scales: 
e.g. possible consequences of 

LUC transition on landscape 
diversity and biodiversity; 

landslide hazard and risk & 
hazard mitigation plans; the 

implications for ecosystem 
services or carbon allocation   



2. CLUEs model (the Conversion of Land Use and its Effects at Small regional extent)  

CLUEs: ….. a model specifically developed for the spatially explicit simulation of LUC change, based on an empirical
analysis of location suitability combined with the dynamic simulation of the competition and interactions between the
spatio-temporal dynamics of LUC systems (Veldkamp and Fresco, 1996, Verburg et al., 1999; 2004; 2010).

Webinar: “Mapping future land-use and land cover patterns – the Europe-LAND approach”

Multiple LUC 
Changes Urban 

Sprawl

Forest-cover 
Dynamics & 

Conservation

Land 
Degradation

Groundwaters 
Vulnerability

Agricultural Land 
AbandonmentCLUE-s

Ecosystem 
services

Carbon 
Storage

MARKOV CHAINS

Logistic Regression

CLUEs

CLUE

CELLULAR AUTOMATA

+ Decision Rules

Large extent,
low resolution

Small extent, high resolution

CLUEs =  hybrid model

The model requires four inputs:
1) LUC type-specific conversion settings, which indicate the conversion elasticity (0 = 
easy….1 = irreversible change) and the conversion matrix (LUC type can/cannot be 
converted into any other LUC);
2) Spatial policies and restrictions, which can restrict/limit LUC change in certain 
areas (e.g., land-use policies, environmental policies);
3) LUC demand (scenarios based on simple trend extrapolations or complex models);
4) Location characteristics (LUC suitability), determined as the relations between the 
LUC pattern and explanatory factors.



3. CLUEs model: applications for Romania 

Webinar: “Mapping future land-use and land cover patterns – the Europe-LAND approach”

The potential future LUC pattern changes: CLC datasets + Biophysical & Socioeconomic factors
Two scenarios computed based on the past LUC trend (1990-2000; 2000-2006) → linearly extrapolated for the simulated period
(<2050)

Independent variables Description
Elevation in m
Slope declivity in °
Precipitation annual average 1961-2015 (mm)
Temperature annual average 1961-2015 (° C)
Relief fragmentation in km/km2

Soil total organic matter content in topsoil
Population density inh/km2

Population growth ‰
Employees no
Unemployment rate %
Large livestock Units (LLU) no
Employments in tertiary sector  no
Distance to nearest major wood 
exploitation / processing centres

buff = 1km

Built/nonagricultural ratio %
Settlements density ha/km2

Distance to nearest major roads county and national roads, European routes, motorway (buff = 1km)

Secondary roads density communal, forestry and agricultural roads (in km/km2)

simulation = at regional level (NUTS 2)
the analysis = national scale + the major relief units  

17 continuous + categorical explanatory factors



3. CLUEs model: applications for Romania 
The potential evolution of the main LUC change flows: an overall
assessment of Urbanization (URB), Intensification of agriculture (IA), Extensification
of agriculture (EA), Agricultural land abandonment (ALAB), Afforestation (AFF) and
Deforestation (DEF)

Webinar: “Mapping future land-use and land cover patterns – the Europe-LAND approach”

Kucsicsa, Popovici
et al., 2019

Future land use/cover changes in Romania: 
regional simulations based on CLUE-S 

model and CORINE land cover database

Urban
growth

The main LUC
change flows

Modelling land use/cover 
change to assess future

urban sprawl in Romania

Grigorescu, Kucsicsa
et al., 2019

Popovici, Kucsicsa
et al., 2018

Past and future land use/cover flows 
related to agricultural lands in Romania. 
An assessment using CLUE-s Model and 

Corine Land Cover database

Forest-cover
dynamics

Changes related to 
agricultural lands

Assessing the Potential Future Forest-
Cover Change in Romania, Predicted 

Using a Scenario-Based Modelling

Kucsicsa, Popovici
et al., 2019



3. CLUEs model: applications for Romania 

LUC scenarios: related applications to estimate future Aboveground Forest Carbon Stock & future 
Landslide Susceptibility

Estimation of Future Changes in Aboveground 
Forest Carbon Stock in Romania. A Prediction 

Based on Forest-Cover Pattern Scenario

Dumitrașcu, Kucsicsa
et al., 2020

Implications of future land-use/cover pattern 
change on landslide susceptibility at a national 

level: A scenario-based analysis in Romania

Jurchescu, Kucsicsa
et al., 2023

Webinar: “Mapping future land-use and land cover patterns – the Europe-LAND approach”



4. What is next? LUC modelling in the context of EUROPE-LAND project
(Case study: Romania)

Developing of the new scenarios: baseline & alternative scenarios / Identifying new driving factors 
by including a more appropriate factors 
(statics & dynamics) for agricultural and 

afforested lands, and assuming a continuation 
of the recent trend of LUC change and current 

situation and trends of driving factors

adjusting specific factors from the 
baseline scenario or altering the recent 
trend of LUC change, by including climate 
scenarios + policies + Stakeholders 
knowledge & needs)

Possible questions addressed:
Q1 How LUC pattern may change in response to climate change impacts? Will the climate 
change have a significant impact on agriculture and forestry sectors? Which regions are 
the most vulnerable?
Q2 Could the better implementation of conservation policies lead to the increase of the 
afforested areas? What will happen outside the protected areas?
Q3 What are the potential consequences of LUC change for biodiversity?
Q4 Can the appropriate land use policies prevent agricultural land abandonment?
Q5 How much the LUC pattern is related to agricultural land management, as documented 
in IACS data (Integrated Administration and Control System)?
Q6 How does land fragmentation influence land use decisions?
Q7 How the urbanization trends influence the uptake of agricultural land?
Q8 .....?

Webinar: “Mapping future land-use and land cover patterns – the Europe-LAND approach”

Current
Situation

(C)

Baseline
Scenario

(Bs)

Alternative
Scenarios

(As)

Bs vs C

As vs C

As vs Bs          

Detecting & Evaluating the 
estimated potential future 

LUC pattern changes

Modelling
LUC changes

C
lim

ate influence
current(observed data)vs

future
(C

M
IP6 clim

ate scenarios) 



4. What is next? LUC modelling in the context of EUROPE-LAND project
(Case study: Romania)

Challenges to compute and understand alternative LUC scenarios

Ch1 to identify/propose a coherent and realistic set of changes that may affect LUC change in
the future;

Ch2 to integrate the Policies + Stakeholders knowledge & needs into LUC modelling for
alternative scenarios, in order to measure and understand the impacts of different interventions on
LUC patterns. In the CLUEs model, we propose to integrate this information by altering quantitative
information (LUC demand) and LUC type specific conversion settings, i.e., the conversion elasticity
(easy to convert vs. irreversible change) + conversion matrix (which LUC class can/cannot be
converted into other LUC class);

Ch3 to evaluate the strengths and weaknesses of alternative scenarios in capturing key
drivers, processes, and outcomes of LUC pattern change;

Ch4 to understand the impact of the potential future LUC pattern change on agricultural
lands and forest-cover (biodiversity) and to identify the potential vulnerabilities and the
opportunities in the future;

Ch5 to identify and assess uncertainties in alternative scenario projections.

related to 
Urban growth

related to
Agricultural 
lands expansion

related to
Forest-cover 
gains

related to
Forest-cover 
losses 

no significant 
changes

LUC pattern scenarios:
possible outcomes 

actual vs             future

Webinar: “Mapping future land-use and land cover patterns – the Europe-LAND approach”



Conclusions 

Webinar: “Mapping future land-use and land cover patterns – the Europe-LAND approach”

CLUEs = a dynamic model, suitable to simulate near-future changes in LUC pattern at high resolution;
CLUEs = a tool to understand the processes that determine changes in the spatial pattern of LUC;
CLUEs = is able to estimate the most likely location and amount of LUC pattern change in the future;
CLUEs = allows to compute the scenarios by integrating static and dynamic factors of LUC change;
CLUEs = allows to compute both baseline and alternative LUC pattern scenarios;
CLUEs = however, is a complex and time-consuming model, and the result of simulations strongly depends on the data quality, 
considered factors of change, the nature of the most important LUC conversions, and the model assumptions.

possible trajectories
of LUC
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The goals

Motivation
LU/LC datasets and dynamic spatial simulation models of LU/LC can serve as informative platforms 
and data sources for policy setting and decision-making processes on the use and management of land 
resources. 
Stakeholders must have information about available modelling tools and LU/LC datasets.
The database and assessment of existing LU/LC layers/datasets can help stakeholders/decision-
makers to work efficiently with available LU/LC data sources.

Goals
To provide a list/database of:
1) Existing LU/LC layers/geodatabases in the EU
2) LU/LC spatial modelling tools 



Anticipated results

Anticipated results
Current LU/LC layers/geodatabases (e.g., Copernicus monitoring services, 
LULUCF, LUCAS, NATURA 2000, outputs from various LU/LC projects etc.) can 
be used by stakeholders for a comparative temporal evaluation of LU/LC change 
at regional, national and international levels and potentially (mainly by scientists) 
for the evaluation of climate change and its impact for mitigation and biodiversity 
preservation.
The database of LU/LC spatial modelling tools will enable the 
stakeholders/scientists/decision-makers to select the appropriate tool according 
to the modelling requirements, based on parameters that will be listed/described. 



LU/LC spatial modelling tools

3 products/outputs for modelling tools:
• Database of modelling tools – based on papers dealing with modelling tools

• Sorted by:
a) type of used modelling approach/tool (CA models, CLUE-S models, LCM models, IAM models… 
etc.)
b) special interest land use/cover categories – forests, wetlands, croplands
c) geographical interest – Europe and particular European countries (mainly countries of project 
partners and countries with tradition in modelling practice)

• Stored information (based on papers that use the tool) – name of modelling tool, topic, year of 
publication, authors, Access/link, Used modelling method, scale, LCLU categories, inputs to 
modelling, outputs, published case studies, area of interest, continent, references

• Cards of modelling tools
• Success stories for modelling toola





Cards of modelling tools
• Author/Institution

• Version/year/Extension

• Purpose/Target group

• Tool description

• Used method, Approach, Scheme

• Used/required data (data format)

• Scenarios, results/outputs

• Hardware requirements

• Knowledge requirements

• List of articles using the tool – connection to the 
Database of modelling tools - applications



Success stories for modelling tools
Based on selected open source publication

• Title/Author/Institution/Journal

• Year, DOI/Link

• Abstract/Goals of the study

• Study area, data, methods

• Modelling scheme/diagram

• Results, Mentioned problems

• Applications and recommendation for future use

• Outputs from project case studies will also be used



Database of the of existing LU/LC layers in 
the EU

• Mainly based on remote sensing resources (Copernicus layers) and national resources

• Database sorted to:
a) General LU/LC layers for Europe/Word
b) Thematic LU/LC layers (forests, croplands, urban, others)
c) Country data – for each partner country – contributions from project partner will be requested soon (links for the sources, CU will fill in the database based on the 

inputs/links from partners)

• Information stored for each layer
• Provider
• Layer name
• Temporal resolution
• Source of data
• Data processing 
• Data format
• Download/visualization link
• Pixel size
• Accuracy
• Area
• Accessibility
• Legend/Number of categories

• Integrated Administration and 

Control System IACS – harmonization WP2



Database of existing LU/LC layers in the EU



LUCC Database Czechia – an example of 
unique European Land Use Change dataset

• Based on the records of Stable cadaster (and later cadastral data)
• Years 1845, 1868, 1948, 1990, 2000, 2010, 2020
• Temporal consistency (cadasters merged in case when change of total area exceeded 2%)
• Categories – arable land, permanent grasslands, permanent cultures, forest areas, built-up 

areas, water areas, remaining areas
• Evaluation of temporal changes – indexes, trends – major processes of landscape change





LUCC Database Czechia – an example of 
unique European Land Use Change dataset

• Two spatial levels – cadasters (stable territorial units) + parcel level
• Driving forces evaluation
• Will be used for modeling within Europe – LAND project



Thank you for your attention!

lucie.kupkova@natur.cuni.cz
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