Welcome to today’s public webinar!

“Mapping future land-use
and land cover patterns”
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Agenda —15 February 2024

13:00-13:05

13:05-13:20

13:20-13:35

13:35-13:45

13:45-13:50

13:50-14:00

Brief introduction of the Europe-LAND project
Franziska Wolf (Hamburg University of Applied Sciences, Germany - HAW)

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)

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

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)
Land use changes of wetlands from the perspective of stakeholders
Ingrida Krigere (Latvia‘s Peatland Association, Latvia)

Q&A and end of the webinar
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“Introducing the Horizon Europe project
“Towards Sustainable Land-use Strategies
in the Context of Climate Change and
Biodiversity Challenges in Europe”
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Associated partners

-\—\.\& & Case studies
EUrope s
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e Consortium: 13 partners (12 countries, 8 cases), 2 Associates (FIN, LIT)
* Duration: 1 June 2023 til 31 May 2027 L

Main Obijective: *

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



WP 1 Project coordination, management, administration

L&T= Methodology
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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!)

= Management structure
- Project managerment

- Data Management Plan
- Monitoring & Evaluation

MZMWMMﬂMth
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- Policy assessment
- Living Lab Framework
= Engagement of stakeholders
- Analysis of drivers of change
- DOnlire Workshops

Case Studies

= Assessment of modelling tools
- Harmonization of location factor and driving
lorce data
- Analysis of future land-use patterns
- Development of indicators of transformation

rw"‘j

= Inventorise data = Analyse changes
- Establish typologies - Focus on wetlands /’
WP 3 Assessing awareness WP 4 Mapping future land- WP 5 Supporting climate change
behind land-use decisions use and land-cover patterns mitigation and adaptation and
* . biodiversity policy
\il/

- Analysis of telecoupling frameworks
- Development of a telecoupling framework
with soclal component
- Comparative studies and implementation of
the framework
- Modelling future land-use and change
- Supporting stakeholders’ decision making

~
(i Western Europe Eastern Europe
=== LTSER Eisenwurzen, Austria f§ § BrailalIslands, Romania
EJ Biosphere Reserve of Castro Verde, Portugal 1 LTSER Trnava, Slovakia
B UNESCO-Biosphere Reserve Schorfheide-Chorin, Germany #== West Estonlan Archipelago Biosphere Reserve, Estonla
s Blaltowieza Forest. Poland
s Blosphere reserve of the Krkonose Mts. National Park. Czech
L Republic S
WP B Europe-LAND Toolbox
83 - Development and testing of the Toolbox - Technical capacity building seminars
- Land-use Scenario Exploration - Improving professional skills and expertise
= Exploitation Plan

WP 7 Information, communication, upscaling and capacity-building

- Communication, Dissemination, Up-scaling and Exploitation Plan
- Project’ branding, communication material and digital outreach

- Strategic Stakeholder Engagement
- Dissemnination in publications and events
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Save-the-dates
Upcoming project activities

- 14 Mar 2024 - Europe-LAND’s 5t 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:
e 24-27 June 2024: 10th Nordic Geographers Meeting, Copenhagen, Denmark
e 26-28 June 2024: IAMO Forum —the functions of land in times of change, Halle, Germany
e 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

HAW
HAMBURG
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Thank you for your attention!

Team Hamburg
Prof Walter Leal, Franziska Wolf, Jasmin
Roseler, 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/

HAW
HAMBURG


mailto:info@europe-land.eu
http://www.europe-land.eu/
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15 February 2024
Maris Klavins, Karina Stankevica, Janis Krumins
University of Latvia

Land use/Land cover modelling perspective
to identify/manage climate change impacts
and support biological diversity:
forested areas, wetlands
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=\ Cover Patterns Consistent with Long-Term Objectives
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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
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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

——vq Aim: Gathering and harmonisation of location factors and driving force data and related transition role
EUrOP€ development

—LAND
—> assessing LU/LC pattern change N
Past LU/LC change ( -2023) — for the main LU/LC categories: PP
5%,
} 3/
= CORINE, USGS Land Cover data base total amount of change X g
- annual rate of change To estimate the
- linear trend of change contribution
1
W 2 > of determinant
Driving factors (DFs) of change g PN fc{ —
. 2 oo " |
= Environmental factors: e.g., topographic related-; (binary) logistic parametric model (! LU/LC change
climate related-indicators... ﬁ
= Demographic factors: e.g., population growth; _
population density; migration-related indicators..—> assessing the effect of DFs on each /
= Economic factors: e.g., employees; livestock Lu/Lc category to:
breeding... - estimate the influence: direct(+) / inverse(-)
= Accessibility: e.g., distance to settlements; - estimate the explanatory power: low / high
distance to towns; distance to roads... - to rank DFs

= QOther: e.g., policy regulation




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.

BT ) R

Past LU/LC change Driving factors of change Future LU/LC change
(national level) (national level) (national level)
Data coverage: >1990 = Environmental = Baseline scenario
= Demographic = Hypothetical scenarios
=  Economic

= Accessibility
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Choose Suitable Methods -

Selection of Modeling Approach
—s Calibration and Validation

—= Scenario Simulation

= Output Generation, Visualisation

MODELING OF LAND CHANGES FOF
N PERIODS IN THE FUTUR

Temporal Data Integration »
Data Transformation »

EEFINING

;RITERIA & SCENARIOS
Stakeholder Input

Scenario Development

SCENARIO

Data Sources »
Spatial Data Processing «——
Existing Land Use Mapping —.—J

EOLLECHON & ANALYSIS _ |

5 ‘NTE.RPRE T'Ar’0~
2 CRITERIA

Results Analysis
Results Interpretation
r INTERPRETATION

—= Problem Definition

OF RESULTS OF DATA
DEVELOPMENT OF MODEL Ao 'MODEL
IDEA & WORK PLANNlN;% LS RS LA SR 'MONITORING & UPDATES j
L Sensitivity Analysis
Work Plan Development Stakeholder Feedback «—

Model Updates

» Model Conceptualization — Resource Allocation

Goal Setting Risk Assessment

- Stakeholder Engagement Model Documentation

— Data Feasibility Assessment —— Ethical Considerations
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Development LU/LC forecast model:

=W 0 Idea & Plan

EUrope
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LONG-TERM PLANNING
m FOR CONSERVATION
RESERVES
SPATIAL & = WILDLIFE HABITAT
ECOLOGICAL MODELING
DATA _l— m LAND USE CHANGE
PREDICTIONS
= BIODIVERSITY
CONSERVATION
m CLIMATE CHANGE
HISTORICAL &

CLIMATE
DATA

MANAGEMENT

IMPACTS
|—l SUSTAINABLE

Em RISK ASSESSMENT FOR

SOCIO-ECONOMIC &
GOVERNANCE

DATA

NATURAL DISASTERS

mm INVASIVE SPECIES

ECOLOGICAL &

ECOSYSTEM

SERVICES
DATA

MANAGEMENT

ASSESSMENT

This section covers the
initial stage of
developing a predictive
ECONOMIC PLANNING ®m | model, which includes

FOR FORESTRY INDUSTRY defining the pr0b|em'
setting goals,
interacting with
stakeholders, and many
other key aspects.

LAND USE EEE

POLICY PLANNING COMPREHENSIVE
DATA
COMMUNITY AND mm INTEGRATION
INDIGENOUS RIGHTS
TO FOREST
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E'u\‘:‘r\g;g 1 Collecting & Preparing Data

— LAND Critical Phase in Predictive Model Development

= 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.
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» Earlier and Later Time Frame » Vectorization * Gains & Losses » Change Demand
» Spectral Bands * Rasterization * Net Changes * Change Allocation
* Topological Features * Harmonization « Contributors to Net Change
* Road Infrastructure Features « Spatial Trends of Change

* Transition Potentials

' 'Data Data Change Change
Retrieval Processing Analysis Prediction



Regional Scale Local Scale Case Study Polygon

0 100 km 0  30km 0 10 km

Baltics Aiviekstes Zeme Teici Strict Nature Reserve
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Case Study Area - TeiCi Strict Nature Reserve

« Strict nature reserve — wetland,
Ramesar 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 Klusa
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4 km
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Pe<¢ Teici Strict Nature Reserve
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Land Use Presistence
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Land Cover Changes

Mixed Forests

S Contribution to Net Change in Mixed Forests (1982-1991) Contribution to Net Change in Mixed Forests (1991-2023) ";1_} R
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Undergoing Change Process Markovian Conditional Probability of Markovian Conditional Probability of
Being Non-Irrigated Arable Land Being Peat Bog

attrition 0.00 0.00
aggregation
B creation 0.10 0.10
I dissection
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Currently undergoing land cover change Probability for the land cover change to Probability for the land cover change to
processes non-irrigated arable land in next 40 years peat bog in next 40 years
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« 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.

 |dentification 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
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Modeling land use/land cover changes
using CLUE-S. Applications in Romania
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The LUC modeling: as an essential part of understanding the potential future developments. It

E[gﬁg helps in decision-making processes and allows for the assessment of the impacts of different
policies or interventions on LUC patterns.
empirical-statistical & spatially explicit models
inductive / deductive SVMs (Support Vector Machines)
to design appropriate plans for
pattern / agent-based LEAM (The Land-use Evolution

ANN (Artificial Neural sustainable land management

And Impact Assessment Model)

dynamic or static Networks) at dnfferent spatial scales:
e.g. possible consequences of

spatial / non-spatial CELLULAR AUTOMATA SLEUTH (Slope, Lan.d use, Exclusion, LUC transition on landscape
Urban, Transportation, Hillshade) diversity and biodiversity;

uncombined / hybrid MARKOV CHAINS landslide hazard and risk &
LTM (Land Transformation Model) hazard mitigation plans; the

regionally / globally Logistic Regression CLUEs implications for ecosystem

services or carbon allocation

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




-VA’.‘_!._ 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
EUrope analysis of location suitability combined with the dynamic simulation of the competition and interactions between the
— LAND spatio-temporal dynamics of LUC systems (Veldkamp and Fresco, 1996, Verburg et al., 1999; 2004; 2010).

The model requires four inputs: convason sty |

1) LUC type-specific conversion settings, which indicate the conversion elasticity (0 = Dyna-CLUE ROC (AUC)

easy....1 = irreversible change) and the conversion matrix (LUC type can/cannot be protected a1ca5 > | \ND RESTRICTIONS cLues N\ g et et
converted into any other LUC); land usefoover } v, {'land uselcover|....

change allocation
procedure

LAND USE/COVER dynamics
DEMAND

(scenario condition)

2) Spatial policies and restrictions, which can restrict/limit LUC change in certain i enesm .
areas (e.g., land-use policies, environmental policies);

3) LUC demand (scenarios based on simple trend extrapolations or complex models); ~ “Eee¥Eeer mrrsrsrare
4) Location characteristics (LUC suitability), determined as the relations between the =~ ™ 4 LOCATION SUITABILITY

confusion matrix
spatial validation

| binary logistic reiqressions (SPSS) IVIU|tip|e LUC
LUC pattern and explanatory factors. onfctoslocion o o rpanaonyfcors Forest-cover Changes
RGN e T Dynamics & urban
-\ ANALYSIS }-.. : Conservation Sprawl
CELLULAR AUTOMATA | -------snsomemenens ;
i -spatial database (GRID format) _.".:
: -conversion (GRIDtuASCIIﬁIes):.' A . |tura| Land
MARKOV CHAINS R —— i -SAMPLES | Groundwaters gricu
: ' CLUE Vulnerability Abandonment
. . - i i ANALYSIS
Logistic Regression H . Large extent, _SPSS
, J CLU ES < ; low resolution . “""(Egg?;fvgﬁggic Regression (BLR) Land Carbon
""""""""""" === -statistical ROC .
statistical accuracy (| curve) Degradatlon Storage
isi . . Ecosystem
+ Decision Rules Small extent, high resolution serzices

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




J@Z= 3. CLUEs model: applications for Romania
= °P

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

—LAND (<2050) S 1

I e e e e e e e e e e e e e e e e e e e e e e e e e e ey

11
|| .; DATA PREPARATION
o (500 m resolution)
NN ity | regional level )
— | {Development Regions of Romania) | land usel/cover data

regional level = national level

Distance to nearest major roads  county and national roads, European routes, motorway (buff = 1km)
o spatial assessment
= iy Secondary roads density communal, forestry and agricultural roads (in km/km?)

5

- urbanization

\
\
\
|
|
\
| \
b 1
! | i - CLC 1980 — start of the simufation—— biophysical i o oo
I n past chang CLC 2000 J L@sndﬂn! variable)-—-—— socio-economic |
Lot ! - CLC 2006 —_— accesibility }
| e —_— . . |
|| > |SCENARIOS CONDITIONS| ; | -— | independent variabl
| It = < z s 3 naependaent variables
| 1! = T soil |
| 1 | Land use/cover requirements [demands)‘ | demography ‘ i i
oo DATA CONVERSION| || distance to roads } Elevation L1y RS S
: i -~ past trends - future trends (2007-2050) | GRID = ASCII | towns proximity i Slope declivity in°
[ : : conversion elasticity r o]
P L erion oot i ! Precipitation annual average 1961-2015 (mm)
| i | i i Temperature annual average 1961-2015 (° C)
! i I . . .
b i ! ODELING ¥ Relief fragmentation in km/km?
S 3 [STATISTICAL ANALYSIS]| i 4 Soil total organic matter content in topsoil
i ! [ o— i . . .
. | REGRESSION ANALYSIS| |  |72[MODEL parameters setting Population density inh/km?
| i binary logistic regression L Dyna-CLUE .
! | —T MODEL running Population growth %o
| ! relaticnship between v Employees no
! ! land usefcover pattern and ) «--——--—--————— - |Iand use/cover Scena”osl Ui e (e %
i :
I ! explanatory variables [ROC (Relative Operating Gharacteristics|}-- probability maps) ploy <
| Large livestock Units (LLU) no
| land use/ [ reference . .
tcover (20121 |y oicted ‘ | A SSEssE ENT| Employments in tertiary sector no
| ! | q 5
: E | ACCURACY ASSESSMNET' 6 i Distance to nearest major wood buff = 1km
| 1 | RESULTED DATA CONVERSION i i i
: e ‘ermr matrix| — ‘ spatial accuracy| ‘slatustuca\ accuracy| AUC values | l ASCIl = GRID ‘ EX IOltatlon/ [BLOCESSING] centres
P Akt § Built/nonagricultural ratio %
X | DATA AGREGATION o
future land use/cover flows | = % Settlements density ha/km?
i

probability maps
- intensification of agricufture |

- extensification of agricuiture |©2

- agricultural lands abandonment
- afforestation |

- deforestation

- others

future land usefcover ||
dynamics

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




N N ° Future land use/cover changes in Romania: Modelling land use/cover
-VA’.‘_'. 3. CLUEs model: applications for Romania regional simuiations based on CLUE-S  change to assess future

“’ model and CORINE land cover database urban sprawl in Romania
oEmuag,

__@ The potential evolution of the main LUC change flows: an overall

LANDSCAPE

ENGINEERING

EUrope assessment of Urbanization (URB), Intensification of agriculture (IA), Extensification e

— LAND of agriculture (EA), Agricultural land abandonment (ALAB), Afforestation (AFF) and
Deforestation (DEF)

M builtup areas in 2008

Urban
M buitup areas expansion
in 2007-2050 growth

@ Springer
Kucsicsa, Popovici Grigorescu, Kucsicsa
etal., 2019 etal., 2019
Past and future land use/cover flows
(@) £y related to agricultural lands in Romania.
‘ Changes related to An assessment using CLUE-s Model and
owe ; Corine Land Cover database
Eastern Carpathians (1) 1400000 agrlcu Itu ra I Ia ndS
Southern Carpathians (I1) 2 2 %
Apuseni Mountains (111) 1200000 . . ~ :
Bare oans 1) . o S Assessing the Pqtent/a/ FL{ture Fo.rest Carpathinh Joubnal of
Bt o s ) The main LUC 500000 Cover Change in Romania, Predicted Earth and Environmental
Crig . . . Sciences
Moaimpaem oy change flows 600000 ‘ Using a Scenario-Based Modelling
Getic Piedmont (I1X) 400000 i —
Dobrogea Plateau (X) [ 1] ‘N 1IENT
Romanian Plain (XI) 200000 1 i I |‘12 II ]:.[\ VII{ONNII_JN lAL
Banat and Crisana Plain (XII) o A 0 h W
Danube Ddelta and Razim-Sinoie Lagoon Ccomplex (XIII) URB IA EA ALAB AFF 4 B[()DEL:H\ G &
i 3.V N
250(’;a URB 30(:!0"1i IA 50002?\ EA persistence simulated correctly Fo re St—cove r &\SSES‘SRIENT
2000 2500 40000 change (forest losses) simulated correctly
h (forest ) simulated At " " 1
1500 2000 30000 A eriotonce simatot 28 foroslosoes. e dynamics
1500 " forest gains simulated as forest losses 3 - Centre
1000 10000 20000 " forest losses simulated as forest persistence 4-South-East
5 | 1 I 11 N forest losses simulated as forest gains 5 - South Muntenia
50000 10000 6 - South-West Oltenia
o) oLl IRV RN o LIl il ] ” 7 et
TNV OVVE VIV X X XE XX IV VOV VIEVIEX X XE XX IV OV VEVITVIEIX X X1 XX Bservedi ; .. o
o ALAB o AFF o DEF < Simalaied frest percktonce Popovici, Kucsicsa
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Possible questions addressed:
. 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?

. Could the better implementation of conservation policies lead to the increase of the
afforested areas? What will happen outside the protected areas?

. What are the potential consequences of LUC change for biodiversity?

. Can the appropriate land use policies prevent agricultural land abandonment?

. How much the LUC pattern is related to agricultural land management, as documented
in IACS data (Integrated Administration and Control System)?
. How does land fragmentation influence land use decisions?
. How the urbanization trends influence the uptake of agricultural land?

0|

4. What is next? LUC modelling in the context of EUROPE-LAND project

(Case study: Romania)

Developing of the new scenarios: baseline & alternative scenarios / ldentifying 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)

Detecting & Evaluating the
estimated potential future
LUC pattern changes

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

Modelling
LUC changes
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(Case study: Romania)

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

- 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);

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

- 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;

- to identify and assess uncertainties in alternative scenario projections.

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

Challenges to compute and understand alternative LUC scenarios

related to
Urban growth

Wy related to
e Agricultural
% lands expansion

related to
g [orest-cover
4 gains

related to
' Forest-cover
losses

no significant
changes
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Conclusions

= a dynamic model, suitable to simulate near-future changes in LUC pattern at high resolution;

= a tool to understand the processes that determine changes in the spatial pattern of LUC;

= is able to estimate the most likely location and amount of LUC pattern change in the future;

= allows to compute the scenarios by integrating static and dynamic factors of LUC change;

= allows to compute both baseline and alternative LUC pattern scenarios;

= 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

Webinar: “Mapping future land-use and land cover patterns —the Europe-LAND approach”
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Database on LU/LC modelling tools -
current state and further development*
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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

& v‘/,,
o) CHARLES UNIVERSITY
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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.
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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 ... Database, Cards and Success stories will be
» Success stories for modelling toola interconnected and published (on the project webpage
or on a web connected to the project web page) —




- 1- Name of modelling tool/ software

A

1- Name of modelling tool/
software

A-Markov and Random Forest
BPNN_CA_Markov tools
CA-Markov

CA-Markov

CA-Markov

CA-Markov - terrset18.31
CA-Markov and InVEST model
CA-Markov and SWAT
CA-Markev model module in1
CA-Markov- terrset18.31
CA-Markov- terrset18.31
Cellular automata (CA) and ¢
CLUE-s and RUSLE tools
DEMATEL tools and Markov m
GEE and Markov module of IT
INVEST 3.10.2 software an
LCM is a module of IDRISI
logistic-CA-Markov and W1
Lucc

Markov module and Logistic |
Markov module of IDRISI
Markov module of IDRISI
Markov module of IDRISI
Markov module of IDRISI
Markov module of IDRISI
Markov module of IDRISI
Markov module of IDRISI
Markov module of IDRISI
Markov module of IDRISI
Markov module of IDRISI
Markov module of IDRISI

Markov module of IDRISI

Markov module of IDRISI
Markov module of IDRISI

Markov module of IDRISI
Markov module of IDRISI
Markov module of IDRISI
Markov module of IDRISI
Markov module of IDRISI
Markov module of IDRISI
Markov module of IDRISI

+ =

CA models ~

E

1-year
2023
2020
2014
2020
2021
2021
2019
2021
2022
2023
2018
2019
2017
2021
2023
2022
2019
2019
2017
2018
2020
2023
2023
2022
2023
2020
2023
2022
2021
2021
2023

2022

2022
2022

2023
2018
2021
2014
2022
2018
2022

forest ~

free of charge
or not (Y/N)

topic Author/Provider  Access (link)
Modelling of land | Asif, M., Kazmi, J. H. https://www.tar ¥
Spatiotemporal LU Huang, Z., Du, H., Li https://www.mc Y
Predicting Urban L Nouri, J., Gharagozl https://link.sprit N
Multi-scenario sim Zhou, L., Dang, X., S https://www.sci ¥
Predicting land ¢ Gemitzi, A https://www.tar y
Land Use and Le Mathewos, M ; Le https://www.mcY
Assessing the effec Zhao, M., He, Z., Du https://wv ciY
Future Runoff Vari Ji, G., Lai, Z., Xia, H., https://www.mc Y
Comparison of mu Lin, Z., & Peng, S.  https://www.sci Y
Land use and cove Olipa Simon, James https://link.sprit N
Assessing tempors Zheng, F., & Hu, Y.  https://link.spritY
A geographical diri Firozjaei, M. K., Sed https://www.sci ¥
Investigating effect Zare, M., Nazari Sar https://link.sprit N
Urban ecological s Ghosh, 8., Chatterje https://www.sci Y

Evaluation and pre Yang, Z., Dai, X., Lu, https://www.sci ¥
Spatiotemporal Ev Zhong, C., Bei, Y., Gt https://www.mc Y
Assessment and pi Yadaw, V., & Ghosh, https://www.tarY
Dynamic simulatio Guan, D., Zhao, Z., § https://link.sprit N
Trends in land use Kamwi, J. M., Kaets« https://link.sprit N
Urban growth dyn Siddiqui, A., Siddigu https://www.sci Y
Simulating spatial- Saadani, 5., Laaj¢ https://link.sprit N
A CA-Markov-Base Gasirabo, A., Xi, C., https://www.mc¥
Scenario-Based LU Gebresellase, 5. H., https://www.mcY
Analysis and mode Kisamba, F. C., & Li, https://link.sorit N
Predicting land us¢ Fogang, L F, Tiol hit
Analysing past lan Hishe, 5., Bewket, V https://www.tar Y
Future land use lai Atef, I., Ahmed, W., https://link.sprit Y
Assessment of lani Hind, M., M’hamrr https://link.sprit N
Analysis of the Fut Matlhodi, B., Kenab https://www.mcY
Future Scenarios o Beroho, M., Briak, F https://wrww.me Y
Stochastic modelir Megersa, W., Deribe h
Weslati, 0., Bouaziz

Modelling and Ass https://link.sprit N
Quantitatively Assi
Daba, M. H., & You, https://www.mcY

Analysis of land us Mwabumba, M., Ya https://www.

s/ fwww.sci Y

Predicting future ¢

Lopes, N. D. R., Li, T https://wv ci Y
Deriving suitability Fu, X., Wang, X., & https://www.
Future scenarios b da Cunha, E. R., San https://www.sci Y
Assessing spat Puertas, O. L., Henr https://wwwe.sci Y
Occurrence Predic Liu, D., & Zhang, X. https://www.mc
MCR-Modified CA- Li, X., Wang, M., Liu https://www.mc Y
CA-Markov model Mokarram, M., & Pl https://www.sci Y

sciY

wetlands ~  croplands -

SECLAND model

-

@

Type of model (Table 1) method/s

Statistical models
Statistical models
Statistical models
Statistical models
Statistical models
Statistical models
Statistical models
Statistical models
Statistical models
Statistical models
dynamic model

Statistical models

H 1
scale
Used (local/regio
modelling nal/global -
L/R/G)

CA-Markov and R
BPNN_CA_MarkL
CA-Markov L
CA-Markov L
CA-Markov R
CA-Markov L
CA-Markeov and L
CA-Markov and L
CA-Markev and L
CA-Markov L
CLUE-S and MarR

Cellular automa L

dynamic and Statistical m CLUE-s and RUS R

Statistical models
Statistical models
Statistical models
Statistical models
Statistical models
Statistical models
Statistical models
Statistical models
Statistical models
Statistical models
Statistical models
Statistical models
Statistical models
Statistical models
Statistical models
Statistical models
Statistical models

Statistical models

Statistical models

Statistical models

Statistical models

Statistical models
Statistical models
Statistical models
Statistical models
Statistical models
Statistical models

Statistical models

LCM models ~

CA-Markov and L
CA-Markov R
Cellular Autom L
LCM L
logistic-CA-M: L
landuse change R
Markov module L
CA-Markov L
CA-Markov
CA-Markov
CA-Markov
CA-Markov
CA-Markov
CA-Markov
CA-Markov
CA-Markov
CA-Markov
CA-Markov

- - - —

CA-Markov L

CA-Markov L
CA-Markov L

CA-Markov
CA-Markov
CA-Markov
CA-Markov
CA-Markov
CA-Markov
CA-Markov

- e e

CLUE-S model ~

Agent based M ~

J K L M N

published case studies
(area, purpose, scale,
categories, methods)

foeus - types of LCLU
categories inputs outputs
Land use and land cover chi Satellites images of the Land: to predict the land use map for deserts in Punjab, Pakist AS
2004, 200¢ demands of each land-use type Anji County in China AS
distribution of urban land u land use maps of years 1989- spatial distribution of urban lan Bandar Anzali in Iran AS
Lend use and land cover chi Land use Land use 2000, 201(to predict the land use map for Shanghai in China As
Land use and land cover ch; provided annually from 200 Future land cover projections L Greece E

Land use and land cover chi Landsat TM for 1991, ETM+ f prediction LUCC for 2050  Matenchose Watershed, AF
Land use and land cover chi The 16-day 1000 m MODIS N LUCC between 2001 and 2029 Heihe River IN cHINA  AS
Future Runoff Variation anc The land use data ,the month future period (2040-2060) all s yellow river basin in Chi AS

Land use and land cover ch: five high-resolution remote = Land use and land cover change Lake basin in China, AS

Land use and land cover chi Land-use data

Land use and land cover chi satellite imagery from Landsz prediction LUCC in 2030 Dar es Salaam metropoli AF

simulating spatial temporal spatial temporal evolution of temporal-spatial land use simul Beijing in China AS
Mapping development pc Google Earth, 2013 The results are further compare Tainan City, Taiwan AS
Predicting soil erosion chan Three land use maps were crito simulate land use for the yea north of Iran AS

Urban ecological security a: satellite data, Google Earth it Changes and prediction of UES Kolkata Metropolitan An AS
Land use and land cover chi sing supervised classification: Comparison between the real L Yellow river basin in Chir AS
The Spatiotemporal Distribi the degree of the habitat deg 2025 were predicted and analyi Wanhe Watershed in Ck AS
urbanisation, LULC change : Landsat data (1981-2011) Land Use Land Cover (LULC) (2C Chennai district in india AS
simulate land use structure land use data in 2000, 2005, | to simulate spatial pattern of la Chongging, China AS
Land use and land cover chi Landsat TM and ETM+ image fill this gap by analyzing the rel: Zambezi Region, Namib AF
Land use and land cover chi landsat images for year 1993 to simulate land use change for Uttar Pradesh in India  AS
Land use and land cover chi Land use/cover change (LUCC urban growth modelling (2010 El Jadida city, Morocc AF
Land use and land cover chi evaluate the changes in LL predict future fluctuations unit Nyabarongo River Bas AF
Land use and land cover chilandsat data 1972 to 2017

Land use and land cover chi analyze LULC changes from 2 simulate future changes for the Dodoma urban district ir AF

to predict the land use map for Upper Awash Basin (UAEAF

Predicting land use/land co Landsat images used in Projected land use/land cover r West-Cameroon AF
Land use and land cover chi aerial photographs from 193¢ to simulate from 2015 to 2030, Middle Suluh Valley in E1 AF
Land use and land cover chi Landsat images obtained 200 Predicted LULC map for years 2/ El-Fayoum Egypt AF
Land use and land cover chianalyze a series of satellite in assess changes in each land use Algiers, Algeria AF

Land use and land cover chi Classified Landsat images froito simulate the likely LULCs in 2 Gaborone dam catchme AF
Land use and land cover chi Satellite images for the years to simulate LULC for years 202¢ Mediterranean Watersh AF
examine the process of urk The Landsat images of 19 to simulate Built-up area for 20 Mettu area in southwes AF
Land use and land cover chi Landsat images (ETM + and O predict future LULC changes Mellegue Catchment, N AF

Land use and land cover chilandsat data 1984- 2019
Land use and land cover chi LULC maps for the years 199 projected for 2025 and 2035 un Ngorongoro Conservatio AF

Future land use simulated in 20 Awash River in Ethiopia AF

Land use and land cover chilandsat images 2000-2020 ar The projected coastal LULC that Guinea-Bissau's AF
Land use and land cover chi Land cover data in two perioc Simulation of land use for 2011 Ohio in the United State AMN
Land use and land cover chi GeoEye, RapidEye and Lands cenarios of LULC based on the ( Serra da Bodoguena reg AMS
Land use and land cover chi LUC data from 1975 to 2010, Future land use simulated in 20 Santiago Chile AMS
Prediction of Pine Wilt Dise factors, such as weather, terri PWD in 2030 is predicted basec Anhui is located in EatAS
simulation of urban expai land use change 1996 to 2001 The expansion of the Wuhan m Wuhan metropolitan a As
predict crop vield using re¢land use data in 2000, 2010, « predict vield of two crops in 20: Southern Iran AS
inVEST model ~

GEOMOD model - Integrated Assessment M~

continent

System dynamics M~

references

Asif, M., Kazmi, ). H., Tarig, A., Zhao, N., Gu
Huang, Z., Du, H., Li, X., Zhang, M., Mao, F.
MNouri, J., Gharagozlou, A., Arjmandi, R., Fa
Zhou, L., Dang, X., Sun, Q., & Wang, 5. (20:
Gemitzi, A. (2021). Predicting land cover ¢l
Mathewos, M., Lencha, S. M., & Tsega
Zhao, M., He, Z., Du, 1., Chen, L., Lin, P., &
Ji, G, Lal, Z, Xia, H, Liu, H, & Wang,
Lin, Z., & Peng, 5. (2022). Comparison of m
Simon, O, Lyimo, J., & Yamungu, N. (2
Zheng, F., & Hu, Y. (2018). Assessing tempc
Firozjaei, M. K., Sedighi, A., Argany, M., Jel
Zare, M., Nazari Samani, A. A., Mohamma:
Ghosh, S., Chatterjee, N. D., & Dinda, 5. {21
Yang, Z., Dai, X., Lu, H., Liu, C., Nie, R., Zhar
Zhong, C., Bei, Y., Gu, H., & Zhang, P.
Yadav, V., & Ghosh, 5. K. (2021). Assessme
Guan, D, Zhao, Z, & Tan, J. (2019). D
Kamwi, 1. M., Kaetsch, C., Graz, F. P., Chirw
Siddiqui, A, Siddiqui, A, Maithani, 5.,
Saadani, S., Laajaj, R., Maanan, M., Rhinan
Gasirabo, A, Xi, C., Hamad, B. R., & Edovia
Gebresellase, 5. H., Wu, Z., Xu, H., & Muha
Kisamba, F. C_, & Li, F. (2023). Analysi
Fogang, L. F, Tiomo, |. F,, Kamga, B. Y., Kpo
Hishe, S.. Bewket, W., Nyssen, J., & Ly
Atef, I, Ahmed, W., & Abdel-Maguid, R. H.
Hind, M., M’hammed, S., Djamal, A., & Zo
Matlhodi, B., Kenabatho, P. K., Parida, B. P.
Beroho, M., Briak, H., Cherif, E. K., Boulahf
Megersa, W., Deribew, K. T., Abreha, G., Lic
Weslati, 0., Bouaziz, 5., & Sarbeji, M. M. (2

Daba, M. H., & You, 5. (2022). Quantitative
Mwabumba, M., Yadav, B. K., Rwiza, M. J.,

Lopes, N. D. R., Li, T, Zhang, P., Matomela,
Fu, X., Wang, X, & Yang, Y. J. (2018).
da Cunha, E. R., Santos, C. A. G., da Silva, R
Puertas, Q. L., Henriquez, C., & Meza, F. J. |
Liu, D., & Zhang, X. (2022). Occurrenc
Li, X., Wang, M., Liu, X., Chen, Z., Wei, X., &
Mokarram, M., & Pham. T M. (2022} (
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. 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

Cards of modelling tools

d of the Toa for the modalling of land use/land corer changa (pradiction]

. List of articles using the tool — connection to the

Database of modelling tools - applications

e af the Tool for the modelbeg of and e aed coverchanga foreiction)
lingtoc ke WOLUSCE

Card of the Tool for the modelling of land use/land cover change (prediction)

Modelling tool title: CLUE-S

Authors/Institution: Wageningen University for GUI and Aristotle University for R package
Versionfyear: 20092023
Available extensions for the tool:

There are two envirenments for the CLUE-S model: cne in R phgramming (Kiziridis et al, 2023) and

the other in terms of a GUI (Verburg et al, 2008). We have generated a table (1) and included an
access link.

Table (1): this table provides some links that give useful information about the CLUE-S environment

model.
Some ac i links phic User Interface R progr
Link -download: LINK LINK
Link — information: LINK not
I Link — installati LINK not
Link — tutorial: LINK not
Link- help: LINK not

CHARLES UNIVERSITY

Faculty of Science




XA Success stories for modelling tools
'Q\V‘ Based on selected open source publication

E u r O p e . Title/Author/Institution/Journal
— LAND

g

1) Rl f s modeling s vl ostisnos

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

5] 1oasing scnemetat

2] Goale of the stuay

ey,
iy e st Nk 2000 s s prc sty cedenbect

Success story on the Tool for the modelling of land usel/land cove
change (prediction)

1) Raauits of e modeling and thiesignificancs
Rsgarting the LULC sirviaion, the valésbon Between achsl and podeted 2020 LULC
72, e 30

s
31 staysres
e Lana.

tandcover Uk sty
4) Used asts and catsgoriss used Tor the maceiing

‘200,

Modelling tool title: CLUE-S

21 Wnbionsd probiema

Tl ¢

1) Introduction based on selected publication/s — Jitile, authors, DOWlink, short
summary/presentation of the paper (abstract)

Title: Assessing the Potential Future Forest-Cover Change in Romania, Predicted Using a
Scenario-Based Modelling

Authrs: Gheorghe Kucsicsa, Elena-Ana Bopoyicl, Dan Balteanu, Monica Dumitragcy, Ines
Grigorescu & Bianca Nitricé,

Institute: Institute of Geography, Romanian Academy, 12 Dimitrie Racoyitd Street, sect 2,
023983, Bucharest, Romania

Journal: Environmental Maodeling & Assessment  Publisher: Springer Impact factor:
24

Year: 2019
Abstract:|

Forest-cover dynamics is of wide concern due to its role in climate change, biodiversity losses,

ﬂ water balance and land degradation, as well as social and economic development. Hence, —
exploring land-use/cover dynamic is imporiant in order to improve our understanding of the
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* 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 WI|| fill in the database based on the
inputs/links from partners) - 1nuan 5 g
» 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
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Database of existing LU/LC layers in the EU

provider

layer name

Copernicus program Corine Land Cover
Copernicus progran Corine Land Cover
Copernicus program Corine Land Cover
Copernicus program Corine Land Cover

Copernicus program Corine Land Cover

Copernicus prograr
Copernicus program
Copernicus program
Copernicus program
Copernicus program

EUROSTAT
EUROSTAT
EUROSTAT
EUROSTAT
EUROSTAT
EUROSTAT

Dynamic Land Cover
Dynamic Land Cover
Dynamic Land Cover
Dynamic Land Cover
Dynamic Land Cover
LUCAS
LUCAS
LUCAS
LUCAS
LUCAS
LUCAS

ESA, article doi:10.2 Sentinel-2 global land
ESA Climate Chang CCI Land Cover

NASA

MODIS/Terra+Aqua L

article https //doi org Dynamic world
PhD project from W;: Hilda (Hlstoric Land C
RIVIV {The National Pelcom - Pan-Europe

UMD
USGS

UMD Land Cover
GLCC 2.0 Global

Joint Research Cent GLC 2000
Internatinal Water M GMRCA LULC

Geo-Wiki

Geo-Wiki Hybnd globi

FAQ (Food and Agri LADA LUC map
FAO (Food and Agn GLC-SHARE

OSM

O3S Landuse/Landcc

Tsinghua University GLASS-GLC
National Science Fo GLC30

Tsinghua University GLC250
International Steerin GLCNMO

ESA in cooperation ' GlobCover

Tsinghua University FROM-GLC
Geo-harmonizer pro Annual Land Cover P

ESA

GlobCorrine

general LC for Europe/World

one time/series

one time

one time

one time

one time

one time

one time
one time

one time I

one time

one time

one time

one time

one time

one time

one time

one time

one time

series
series
series

series

one time

one time

one time

one time

one time

two maps

one time

one time
one time

series

three maps
two maps
three maps
two maps
three maps

series

two maps

-

timespan source data data processing data format

1986-1998  Landsat-5 MSS/TIM classification
2000 +- 1 yez Landsat-7 ETM, sin classification
2006 +- 1 yez SPOT-4/5 and IRS | classification

2011-2012 IRS P6 LISS Il and classification
2017-2018  Sentinel-2 and Lanc classification
2015 Proba-V Satellite  classification

2016 Proba-V Satellite  classification raster - geotifiv https
° 2017 Proba-V Satellite  classification
2018 Proba-V Satellite  classification

2019 Proba-V Satellite  classification

2006 survey - primary daf survey - primary points with coor https //ec europa ¢ -
2009 survey - primary dal survey - primary points with cool hitps://ec. eurcpa.¢ -
2012 survey - pnmary dal survey - pnmary points with cool https //ec eurcpa ¢ -
2015 survey - primary dal survey - primary points with cool hitps.//ec. eurcpa.c -

raster - geotif/v https.//land.coperr https
raster - geotifiv https.//land.coperr https://

raster - geotif/vi https //land.coperr https:/
raster - geotiffv https://land.coperr https://
raster - geotif/vi https://land.coperr https://land.copernict 100 m

download link visualisation link

lland.coperr https://|

2 km
2 km
2 km
2 km

2018 survey - primary dal survey - primary points with cool hitps://ec europa.¢ https:lec europa.eu’ 2 km

2018 survey - primary daf survey - primary points with cool https://ec europa.c -

WMS/Geaotif
tif and other

2017 Sentinel-2, CLC for classification
yearly 1992-Z satellite data, Lands classification
yearly 2001-2 MODIS Terra and A classification
very often 18! Sentinel-2 deep learning classification

tif and other

every decade unknown unknown

1990s MARS (Maonitoring ¢ classification ESRI-grid, ERLC http/
1992/93 UMD GLAD Landsz decision tree clz tif
1992/93 1-km AVHRR 10-da classification tif and other
1999/2000 SPOT-4-VGT classification  tif

2000 AVHRR, SPOT classification tif
2000/2005 1 km MODIS data classification text

2007 interpretation of LUt interpretation ar tif
2014 and bef combination of “bes interpretation ar tif
hardto tell OSM, Sentinel-2, Lz classification tiff
annual 1982- GLASS satellite Clir classification an tif
2000,2010,20 GLAD Landsat Ana object based clz tif
2001, 2010  slope, latitude, MOL random forest cl tif
2003, 2008, 2 MODIS data classification  tif
2005,2009 MERIS satellite dat: classification (cc tif
2010,2015,2( Landsat or Sentinel different classific tif
2000-2019 CLC, Lucas to train machine learnin tif
2005,2009 CLC, GlobCover, M same as GlobCi tif

Country data - Czechia ~ Germany -

ArcGIS map pz https:

2 km
/ls2glc.cblkow https://browser.crecd 10 m

https:
http-//maps elie uc -

raster - geotif/vi https://land.coperr https://land.copernict 100 m
raster - geotiffv https:/fland.coperr https://land.copernict 100 m
raster - geotif/vi https://land.coperr https://land.copernict 100 m
raster - geotiffvi https //land coperr hitps //land copernict 100 m
/land_copernict 100 m
land.copernict 100 m
land.copernict 100 m
/land_copernict 100 m
land.copernict 100 m

300 m

https://earthexplor https://earthexplorer. 500 m

https-//developers https {/dynamicworld 10 m

I wur.nl hitp Awww.geo-inforn 1 km
sy geo-inf hittp/iwww geo-infore 1 km
https.//storage.goc https.//glad_earthengi 1 km

https://fearthexplor https://earthexplorer.| 1 km

https:/f'www.eea.el https:/iwww.eea.eurg 1 km

http-//waterdata.iw http//waterdata.iwmi 10 km
https-//nasa ac at/t https-//uasa ac at/mo 300 m

https://data apps.f https.//storage.googl: 5 arc minutes

https://data apps f hitps://storage googl: 30 arc seconds
https://data. osmlal https://osmlanduse.org/#£8.833346399531107/7.90058) global

pixel size/geome thematic accura area

= 85 % (probab

accesibility

| 27 participat free downloa

= 85 % (achieve 39 participat free downloa

=85 %
= 85 % (probab
= 85 %
= 80 %
=80 %
80 %
80 %
80 %

39 participat free downloa
| 39 participat free downloa
39 participat free downloa

global free downloa
glabal free downloa
global free downloa
glabal free downloa
global free downloa

EU countrie: free downloa
EU countrie« free downloa
EU countrie: free downloa
EU countrie: free downlca
EU countrie: free downloa
EU countrie: free downloa

86 % hitps.//s2g Europe withi free downloa

=71 %
74 %
=75 %
unknown

global free downloa
global free downloa
global available at (7

EU countrie: free downlca

lower than 70 % Europe + Tu free downloa

Expected to be
82 %

82 %

unknown
Expected to be
unknown
Expected to be

‘global free downloa
global free downloa
glabal free downloa
global free downloa

‘global free downloa
global free downloa

‘global free downloa

on request tc

https://doi.pangae https:/iwww research 5 km
https://storage. googleapis.com/earthent 30 m

https://data-starcloud.pcl.ac.cn/resource 250 m

85 %
Expected to be
Expected to be

https-//globalmaps https //alobalmaps agi 1 km(2003), 500 Expected to be
http://due.esrin.esa.int/page:

lobcover.| 300 m

Expected to be

should be available from https://data-stz 30 m, 250 m, 50 Expected to be

https://ecodatacuk https.//ecodatacube.c 30 m

https://maps . elie.u https://maps.elie.ucl.i 300 m

Romania - Greece - Estonia

-

unknown

=49 % or >79 % Europe

Denmanrk -

Tematic LC ~

Portugal ~

global free downloa
‘global free downloa
‘global free downloa
‘global free downloa
‘global free downloa
‘global free downloa
Europe free downloa

free downloa

Italy -

Poland -

number of legend

41 https:/iwww.eea. eurc
41 https:/iwww.eea eurc
41 https:/iwww.eea eurc
41 https //copernicus di:
41 https.//image.discom
23 https://land.copernic
23 https:/land.copernic
23 https:/land.copernic
23 https:/land.copernic
23 https://land.copernic
https-/lec europe http
https:/fec.europz http
hitps-//ec europz http
https/fec_europz http
https:/{ec europs http
https://ec.europz http
13 https://s2glc.cbk.way
38 https-//maps elie ucl

17 https://svs.gsfc.nasa

[ e M M e e B

6 namely:Settleme alsc
15 http/iwww.geo-infon
14 see visualisation at
17
23 https:/iwww.eea eurc
10 http//waterdata.iwm
10 https-/iasa ac at/mc
40 https.//storage.googl
11 hitps://data apps fac
14 https://maps.heigit.o

& https:/iwww researct
10 https://data. apps fao
25
20 https-//globalmaps g
23 https:/iwww.esa int/E

a8
33

17 https:/imaps.elie.ucl ——

Laty >



p== LUCC Database Czechia —an example of
srope UNique European Land Use Change dataset

— LAND
« 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

RATE OF CHANGES
High Moderate Low

afforestation [

Grassing over

Intensification

MAIN
PROCESSES

Urbanization

Proportion of changes < 1% of area TAele ) CHARLES UNIVERSITY



1845-1896 1896-1948

Major processes of landscape change e Major processes of landscape change oo s

w
=
;a
g

L S0 km

1948-1990 1990-2010

RATE OF CHANGES
High Moderate Low

RATE OF CHANGES
High Moderate Low

Major processes of landscape change Major processes of landscape change

o | amooesaion I DN
23| crstngover [N !
ig Intensification [N | p

S| urbanizstion [

Proportion of changes < 1% of amea

Kupkova, L.; Bicik, |.; Jelecek, L. At the Crossroads of European Landscape Changes: Major Processes of
Landscape Change in Czechia since the Middle of the 19th Century and Their Driving Forces. Land 2021, 10, 34.
https:/idoi.org/10.3390/land 10010034
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« Two spatial levels — cadasters (stable territorial units) + parcel level

 Driving forces evaluation

» Will be used for modeling within Europe — LAND project

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

PROXIMATE DRIVERS

UNDERLYING DRIVERS

» Striking decrease of arable land continued;
» First period of permanent grasslands increase (rather significant);
» Built-up areas also expanded

New functions

Second housing kept being popular which further
Areas along the former “ifon curtain” became freely accessible, now popular among tourists, bikers, and mushroom gatherers, Many -9

Underlying and proximate driving forces of landscape change | 1990-2010

Main changes of land use classes

» Around major urban centres, agricultural land (including high-quality one) was often changed to urbanized area as part of
suburbanization processes. Residential projects and commercial centres came to existence;

Areas designated for special use originated on former agricultural land (golf courses, outdoor centres, cycle paths, recreational facilities); -5
“New wilderness” emerged on abandoned agricultural land;

! lation of rural areas by p residents;

Change of land use classes 1990-2010 (in percentage points)

» Land reclamation schemes is mining

any more, more focus put on indwidual
housing instead. 8ig boom of suburban
development, Warehouses, logistic
centres, and also industrial areas

mushroomed around major urban
centres and along highways;
Construction (reconstruction) of major
transport lines;

Brownfields were being developed
incities. Inthe countryside,
agrobrownfields largely vanished

ar were used for non-agricultural
activities;

Large environment f

tment plants)

areas were realized.

only in exceptional cases in favourable
agroclimatic conditions;

» Subsidies enabled an unusual

‘expansion of rapeseed; the spectrum
of crops, however, became limited.
More intensive farming methods led
to dominance of wheat, rapeseed, and
forage crops.

agricultural land) became available;

- Afforestation was alsc widespread
in areas where forests had been
badly damaged by acidic rains under
Communism;

» Ecological succession took place in
areas where agricultural land was. not
cultivated (contested property rights,
nointerest in farming;

significantly reduced (from and pastures expanded. Abandoned

€a. 100 mil, tons annually in 19805 agricultural land became more

‘down to ca. 30 mil. tons). Some open common (due to property restitution,

pits closed down, workers had to seek lack of interest in farming, and more

another jobs. fragmented land tenure);

» Animal husbandry became less.
intensive - livestack moved from
sheds to pastures, especially in areas
with less favoured climate on higher

grounds.

towns and villages close to the border evolved into *places of encounter” between natives and foreign visitors. arable  permanent permanent forest water  builtup  remaining
land  cultures  grasslonds  arcas arcas areas arcas
Urban and and of Land Nature and heritage
development of forestry resources conservation activities
» Mass housing projects were not started | | » Agricultural production increased » Subsidies for afforestation (on former | | » Open pitlignite miningwas » Arable Land kept shrinking, meadows » New National Parks were established

Podyii, Ceské Svicarska, Sumaval
Commercial activities (including
farming and forest management)
became limited or banned in such
» Anymber of other protected areas
came o existence, too (Broumavsko,
Poodi)

Twelve UNESCO World Heritage Sites
in the Czech Republic (all became part
of the ist since

) boosted tourl

New low for environmental and
nature protection.

Landscapes of agricultural extensification and afforestation — Trutnovsko

Stable cadastre (1845)

»,
“ 'h Land use/cover

Current state (2020)

built-up areas

water areas

forest areas

arable land
permanent cultures
permanent grasslands
abandoned land

remaining areas

g1

Eastern Europe, end of So»

pse of Communist regimes in Central/
et dominance;

Accession ta NATO (1999)
Accession to the European Union (2004);
Crech Republic re-established close ties with
Western countries

Multi polar world system emerged.

Social and cultural

» Privatization of *national property” (so-called » Czechaslovakia disintegrated into the Czech

Natural and spatial

» Introduction of market prices created necessity | | »

ig. small privatization
Restitution of property seized by the
Communists including land and real estate
{nobility and church also partly eligible

» Cooperatives and state-owned estates

transformed

style businesses;

o capit

» Increased foreign investments.

Republic and Slovakia;

Russian (preferred fon uage under
Communism) was largely replaced by English
most social and cultural ties were diverted
towards West;

Former egalitarian saciety became more
structured, income disparities rose:

Higher demands on service sector and leisure
activities;

Varied perceptions of freedom (including/not
including responsibili

 New

of technological innovations (in industry and
agriculture);

altural technologies were introduced
(fertlizers applied on leaves, silage and hay
left in packs on fields), livestock largely moved
from sheds to pastures, animal husbandry

experienced introduction of new species (goats,

bison, deer)
Information technologies were appiied on a
large scale (big data, network technologies,
etc)

» System of agricultural sul

Land abandanment;

s was changed
more support for non-productive landscape
functions;

» Anumber of military areas ceased to exist,

civilian use reintroduced.
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Thank you for your attention!

lucie.kupkova@natur.cuni.cz
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