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Executive Summary

The EnviroGRIDs project explores a data-driven viw environmental studies. The WP3 aims to
construct contrasting environmental scenarios lier Black Sea Basin utilizing available datasetsnfro
multiple scales. Developing a Black Sea Basin vagelication for characterising land cover in selera
time steps, 2000, 2025 and 2050 is the end tafgbedask 3.3.

This deliverable aims to present comprehensiveftiabdata, inputs, tools and method for constnggti
spatially explicit land use scenario.

From the past to the present, the Land Use modmle la common point: to simulate the landscape
dynamic for the future into multiple scales based different coherent assumptions, they improve the
understanding and sensitivity of key process ofl lase patterns. The Land Use models allow alsesb t
the dynamics and behaviour of linked social andloggoal systems, through scenarios building and
analysis.

There is a wide range of different approaches afdLElse models, based on relatively complex theories
and methodologies. These modelling systems haweteto apply ‘black-boxes’ producing highlighted
maps. If for one side these models produce morestotesults their application is restricted for deraic
purpose owing to the high level of complexity i tihterpretation of data.

The reviewed state-of-the-art in Land use modelbffgrs ample sources of guidance for constructibn
spatially explicit scenarios in Black Sea Basind also a well accepted approach, the Integrated
Assessment of Land Use Systems approach using snadel scenarios, developed with interaction of
stakeholders.

The review of modelling tools, developed and/orlegopin previous projects, such as ATEAM, SENSOR,
EURURALIS etc. reveals an ample choice of availabtedels. Following a set of criteria for model pre-
selection allowed focusing on four approaches fetaited overview and comparison: Land Change
Modeller, CA_Markov, METRONAMICA and CLUE. The Lardhange Modeller and CA_Markov were
testing for certain functionalities on an area wnkedi for model tested covering roughly North Bulgafihe
METRONAMICA and the CLUE model were explored usthg tutorial material provided by the owners.

However final model selection remains an open isBespite the fact that the four models can geheral
fulfil the same application, they differ in term§ specific features applicability, like level of roplexity
addressed (modelled dimensions), information on ehatkvelopment, optimization of model input
processing, price of purchase and functionalitiespecific end-user needs, as policy-impact agsass

Regarding the main land cover data input it is emsgged that remote sensing has greatly facilittted
automated or semi-automated production of geoeafsxd land cover databases with a high spatial
accuracy, which in addition can frequently be updaiThe update however is less readily acceptatthe w
the same precision in geo-location and discrimamattapacity due to the high variation of vegetation
conditions and atmospheric influences on the remetsing images input for automated classification.

Following a comparative assessment of the latesibaylland-cover maps: MODIS Land cover type,
GlobCover and GlobCorine it was deduced that asemethese products are suitable for spatiallyieipl
accounting of main land cover categories over bresshs, but do not allow for temporal changes
comparison. Therefore, due to the inherent limataiin using current global land cover datasetspild

be wise to utilise multiple datasets, as recommenidethe literature, to apply fuzzy logic and prior
knowledge for enhancing the utility of the avaikabhaps to better represent Black Sea Basin langrcov

The statistical sources of land-cover, mainly FA@tional and European ones (as EUROSTAT) can be
used for analysing land use change processes ipotaeinperspective, spanning the last five decades.
Combining statistical sources with records on crogped spatial probability maps on agriculture use
intensity may allow for downscaling of certain lamgk functions of interest.

Main categories of thematic data needed for lanel m®delling as biophysical and climate datasets,
protected areas and transport infrastructure wariewed and first selection of sources are predente

For optimal use of the available resources, thekimgrteam proposed a work flow starting with
presentation of the global picture for the BlaclkeS®asin using data covering the entire basin and



afterwards improve and calibrate the first outpihg local and regional datasets. Therefore prexgand
assessing the global datasets covering the whaolleeoBSB in a harmonized dataset as well as a akever
land use models able to produce the future landinselations is the central goal of this overview.

It is specified that main effort is focused on #pplication of the available datasets and toolsrastdhe
development of new ones. However the optimizatioth adaptation of these available tools and data may
be equally needed due to the lack of perfect datmsenodel. The spatially explicit land use sceosri
should be developed according to specified scientibjectives of land use system analyses followang
integrated approach.

The working flow is progressing according to thiolwing steps:

1. Overview of land use models and projects

2. Selection of models to build integrated land ssenarios

3. Definition of the main inputs for the selecteddual

4. Collection and preparation of the data

5. Calibration and parameterization of the models

6. Results analysis and assessment of land coaagek for the different scenarios in Black SearBasi
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1 Introduction

During the last two decades a tremendous volumstudies on Land cover has been produced. The
European Union (EU) funded Pan-European Land UskelLamd Cover Monitoring - PELCOM project
(FP4) was the first pan-European study for remetesiag aided mapping of land cover. Land cover was
defined as “the attributes occupying a part oféheth's surface, such as human artefacts, crogssignd,
forests and bare soil, which can be 'seen' fronst@mt and so by remote sensing” and land use "man
activities which are directly related to the lan@nderson et al., 1976). From strategic planning an
policy-making perspective and at wide temporal spatial scales land cover change mapping is eslyecia
needed for detection and characterization of thaaru(land use resulting) impacts on the ecosystems.
Land use change processes are typically expressethange of use, for example from cropland to
residential; intensification of the same use, fotareple from arable croplands to production in
greenhouses; extensification, the same use but lavger area or with less intense production regime
marginalization or loss of socio-economic viabild§ certain production processes, usually concamhita
with intensification elsewhere and abandonment. @fllthese processes of change bring landscape
transformation, a major concern for preserving Beem natural and cultural heritage.

An understanding of the implications of changedaind cover and land use is a fundamental part of
planning for sustainable development. From one, diake transformation of land cover and land use by
human action can affect the integrity of naturaorece system and the output of ecosystem goods and
services. From the other side, by careful plannihg,development of new patterns of land cover usel

can enhance the well-being of people (Millenniunogstem Assessment, 2005).

Modelling is one of the methods to analyze the dyicaof the land use system, moreover applying
modelling tools has changed the scientific framéwtor analysis of land use systems, from more
descriptive to more quantitative addressing bothtiapand temporal dynamics. The dynamic land use
modelling has stirred up in the last year’s higtpamance not only into environmental research led a
into a social and policy-making domains.

From the past to the present, the Land Use modmle la common point: to simulate the landscape
dynamic for the future into multiple scales basedldferent coherent scenarios (Kok, et. Al., 2QQfigy
improve the understanding and sensitivity of kegcpss of the land use patterns (Lambin, 2000). The
Land Use models allow also testing the dynamics kasttaviour of linked social and ecological systems,
through scenarios building (Veldkamp and LambirQD0

There is a wide range of different approaches afdLdse models, based on theories and methodologies
relatively complex. These modelling systems haveléd to apply ‘black-boxes’ producing highlighted
maps (Koomen, 2007). If for one side these modetslyce more robust results their application is
restricted for academic purpose owing to the higtel of complexity in the interpretation of datalléh

and Lu, 2003).

The Land Use/Cover Change (LUCC) program is a j@idject of International Human Dimensions
Programme (IHDP) and the International Geosphecsiidiere Programme (IGBP). This project was
developed to improve the analysis and modellingthef land use change process and facilitate land
management (Focus 1); analysis and explanatorgriaend production of diagnostic models of landetov
dynamics (Focus 2) and integrated and prognoggiomel andglobal models (Focus 3) (Lambin, 1999). Its
activities finished in 2005 and a new program chi&obe Land Project (GLPWwas initiated. The GLP
has been developing further land-change sciencedbas the foundations generated by LUCC and other
identical projects.

The major challenge suggested by the LUCC prograas tlie consideration of a new group of LUCC
models that are able to simulate the major sodimemic and biophysical driving forces of land use
changes and the interaction at several spatiateangoral scales (Verburg, et al., 2006).

! GLP Web-Stie, Global Land Project page, 2010 (URtp://www.glp2010.0rg/




The actual objectives of the research of land ystem follow the integrated approach called Intesgta
Assessment of Land-use systems (Figure 1), in wiiel.UCC models and scenarios are developed with
interaction of stakeholders (Kok, et. al. 2007)isThpproach follows the spatially explicit analysi
different temporal and spatial scales involvingipemakers and stakeholders to define and develop
plausible scenarios, in participatory way. Thers haen a shift from more physical and data driven
approaches to more human decision-oriented appesasich as agent-based modelling (Veldkamp and
Verburg, 2004). In this sense, as an essential onerg of this research field, it is possible toldbai solid
framework for a systematic validation of projecBogenerated from land use change models (Kok, et al
2007).

Scenatrios LUCC Models

Stakeholders Participation

Figure 1: Integrated Assessment of Land Use System

As a consequence of the work of the last yearsynemas quantity of tools and models have been
developed resulting in a huge diversity and divetgmproaches despite the global objective of hategl
Assessment of Land Use System (Kok, 2007).

Actually the concern of the scientific communitytésbring closer the different methodology and msde
Apart of consolidating the research it is necessarintegrate the different models, given that lutitis
moment it was not possible to represent the laedcosplexity in one model.

1.1 Purpose and scope

The EnviroGRIDs project explores a data-driven viaw environmental studies. The WP3 aims to
construct contrasting environmental scenarios lfier Black sea basin utilizing available datasetsnfro
multiple scales. Developing a Black Sea Basin wagelication for characterising land cover in selera
time steps, 2000, 2025 and 2050 is the end tafghedask 3.3.

This deliverable aims to present comprehensiveftiapdata, inputs, tools and method for constnggti
spatially explicit land use scenario.

For optimal use of the available resources the ingrkeam decided to organize a work flow startirithw
presentation of the global picture for the Blacka ®asin and afterwards improve and calibrate mgisi
local and regional datasets. Therefore presentimyassessing the global datasets covering the wdfole
the BSB in a harmonized dataset as well as a deteemich use models able to produce the future lese u
scenarios is the goal of this document. It shd@dspecified that main effort is focused on theliaption

of the available datasets and tools and not theldpment of new ones. However, the optimization and
adaptation of these available tools and data islggoeeded due to the lack of perfect dataset ailah
The spatially explicit land use scenarios shoulddegeloped according to the above specified LUCC
scientific objectives of land use system analysdlewing the integrated approach. Moreover, takimgp
account the above mentioned research challengess tecommendable to integrate the different
methodologies and models for developing the lamdspstially explicit scenarios.

In this sense, to achieve the objective, the fitep is to present a brief review of the main prgjehat
have addressed such issues already. The seconid stepresent a brief review of land use modelaopt
The third is to present the modelling processesfdahrth is to analyse and review the data thavélable
for the Black Sea Basin taking into account thenmaaps.

EnviroGRIDS will be the first project to developnth use spatially-explicit scenarios for all BlackaS
Basin. The countries that are part of the Europeaion are covered by previous projects, such as
EURURALIS, SENSOR — Suitability Impact AssessmeablT(SIAT) and LUMOCAP (Dynamic land use
change modelling for Common Agriculture Policy - EAnpact assessment).



1.2 Document structure

This report presents an overview of main themestedito land use modelling and required inputstdits
with an overview of existing applications and revief past experiences. Then the process of land
modelling with practical examples from a test sitpresented, followed by an overview of latestilazde
modelling tools. Afterwards the document present®vdew of the available datasets to be applied as
modelling inputs, including land-cover, thematictadas well as datasets useful for validation of the
modelling output.

2 Overview of European land use scenario projects

This chapter aims to present existing projectsrandelling frameworks, in accordance with the Inseed
Assessment of Land Use System framework, desciibéte previous section: stakeholder participation,
scenarios and LUCC models as well the driving fertieemes focused and horizon time (Annex I).

The range of projects presented, shows differentiatiog frameworks, scenarios approaches, and
participation of the stakeholder on the scenariegetbpment work. They offer experience, contribgitin
with different elements of the framework and itplagation in policy relevant scenarios analysis.

Since 2004, appeared a vast number of researclectsoguch as the Framework Programs from the
European Commission that focus on land use systeamges, vulnerability and impacts of these changes

The general aim of these projects is usually ta$oan analyses of the land use changes and theintjz
environmental impacts, like, abandonment land, nidadion and deforestation. Additionally, there are
various indicators analysed such as cropland fafubl, biodiversity, carbon sequestration, soil
degradation, employment in agriculture, etc.

2.1 Recent scenarios studies

Depending on the specific objective of the projélse main driving forces are identified considerthg
impacts on Land Use/Cover Change, and how theydcoelessential for current of future developments.
These driving forces cover a range of socio-econoamd biophysical factors, including demographic
trends, spatial planning patterns, agriculture qoedi, climate changes and technology. The DPSIR
framework (Driver, Pressure, State, Impact and Besp) (OECD, 1994; EEA, 1998) represents the idea
that we can distinguish between D) driving foraffecting the land use system by so called press{i)
affecting its state in terms of bio-physical andiseeconomic state (S). This can be seen as thadt{l)
which has to be assessed from society leadingdhieypnterventions (R). This framework was freqtlgn
applied on scenarios studies, such as in EURURAKIgNn et al., 2005), PRELUDE (Volkery, et al.,
2008), SENSOR (Helming, et al., 2008), and FORESEEAIl helping to identify the major driving
forces.

Regarding the scenarios studies, the IPCC-SRES¢®atvic, et al., 2000) framework is well-accepbsd
the policy and scientific communities and coversvide range of the main driving forces of future
emissions, from demographic to technological armhemic development. The ATEAM (Shhréter, et al.,
2004), PRELUDE and EURURALIS follow the IPCC-SRES$erence scenario.

The ATEAM project scenarios interpret the SRESneafee scenario for Europe, developing a set of land
use and nitrogen deposition scenarios that aredirik the climate and socio-economics derived ftioen
storylines. The land use scenario was construaeth& high priority scenarios (Al) and medium pgtio
(A2) based on an interpretation of the four SREfremce scenarios. The interpretation includes the
definition of the range of driving forces for edahd use type in Europe (Schroter, et al., 2004).

The EURURALIS uses as a starting point the IPCC-SREd various related projects, such as Advanced
Terrestrial Ecosystem Analysis and Modelling -ATEAMnder this approach four scenarios were built:
Al - Global economy; B1- Global co-operation; ARantinental Markets and B2 - Regional Communities
(figure 2). The vertical axis represents the gladmbpposed to more regional approach and thedmbaiz
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axis represents an open market compared with tigbehilevel of intervention and regulation by
governments (Klijn et al. 2005).

global
‘Open markets
2 Technological development =
s No CAP 5
& 3
o =
£ L
g S
P 0 =
Divided regions
Security
CAP: no change
regional

Figure 2: EURURALIS scenarios

In the PRELUDE (EEA) project, some parameters lmeaen quantified based on the IPCC-SRES scenarios
parameters or on ATEAM scenarios studies. Howewvben the descriptions of stakeholders are not-well
suited with IPCC-SRES scenarios, the parameter® waejusted based on the expert judgment and
observed data of past and recent trends (Volk@@32

In the SENSOR project, three baseline scenariog weveloped: a reference scenario, which is largely
business-as-usual but with adjustments based oartexgglgments and two contrasting scenarios foh hig
and low growth options (Helming, et al., 2008).

2.2 Stakeholders participation

Usually, the policy makers and stakeholders arelired to define and take part in the development of
plausible scenarios, according to their interest @erspective.

In the case of PRELUDE (EEA, 2005) since the bagmiof the project, a diversified panel composed by
thirty specialists participated in the scenariogefi@oment involving researchers, representativeigsoof
interest and general public. Different interestd perspectives were included. The stakeholderspgtou
modellers and experts have been engaged in inte¥eatd creative process to provide the input thi®
scenario development. This process involved theldpment of qualitative storylines based on exhegist
discussions about key uncertainties and underlgingng forces.

Also in the SENSOR project, a Framework for Pgpabdry Impact Assessment (FOPIA) was developed
(Morris et al. 2008), involving national, regiorehd local stakeholders for assessment of land oleyp
impacts. This framework was structured around thmes logical framework that defines the design
parameters of the model-based SIAT — the EEA DP&Rework.FOPIA supported discussions among
stakeholders, key players and decision-makers girayia discursive space for the exchange of knayded
and also, aiming at producing knowledge about thergial application and consequences of proposed
policy changes. This framework involved five staddelers workshops with the following structure: firs
workshop — refining the scenarios, second workshognalyzing the criteria for scenario definitiomo(
trade-off), third workshop - impact assessmentrtfou sustainability limits, and finally the fiftbession -

the analysis of the criteria (Helming, et al. 2008)

The FORESCENE project included a combination ofydital and participatory approaches, conducted to
build a prototype model. To achieve this objectiteggromoted a series of workshops involving DG’s,
stakeholders and experts in order to integrate kedye on various environmental problems and pyiorit
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policy fields, and to define essentials for intégdasustainability scenarios in term of goals armbs
cutting policy measures.

In the PLUREL (Zasada, et al. 2007) project, th€IPoapproach was also used, but in methodological
terms it was based on Multi Criteria Analysis. histproject regional stakeholders including redears
and practitioners were involved.

The ATEAM — Advanced Terrestrial Ecosystem Analyasisl Modelling (FP5) project aimed to assess the
vulnerability of human sectors relying on ecosystarmvices with respect to global change. The ATEAM
assessment process was formed by a permanentaraliimn with stakeholders. The general objective of
this dialogue was to facilitate a more appropriassessment of vulnerability, and produce resuli$ th
would inform the decision-making of stakeholderbe Btakeholders participated in a number of awiit
including interviews and questionnaires, to idgntife scientific information needs, as well as, ketiops
that were organized for communication and to trigtjiscussions between stakeholders (Schrétest 8.
2004)

There are also some projects where the identifinadif driving forces and scenarios developmenuites
just the qualitative analysis and expert judgmEramples of this are the EURURALIS (Klijn, 2005)dan
the Scenar2020 (Nowicki, P. et al., 2006) projects.

2.3 Modelling approaches

Different advanced modelling approaches have beeveldped to successfully address the above
mentioned research questions. The LUCC modelsagtan cover different scales, ranging from theyver
local to the global extent, different spatial resioin and underlying concept of different themaigues.

One of the major focus area of LUCC program isdteelopment of integrated models and the prognostic
regional and global models. In general, LUCC modals play a role (Verburg et al, 2006):

- As a learning tool to formalize knowledge: Modeal® applied to analyse the sensitivity of the
key variables and other variables that identify thest important mechanism that could not be
identified form field observation.

- In communication between researchers: to find waysxpress oneself that are accepted to all
disciplines involved.

- As a communication and learning environment tool stakeholders, exploring possible futures
developments in the land use-system exploring “Whascenarios and the visualization of
alternative land use configurations that may berdwilt of policy decision or development in
societies.

There are several studies that provide a good @xerof the modelling tools currently available. For
example Briassoulis (2000) gives a very extensigeussion of the most common land use change models
The US Environmental Protection Agency - EPA (20@0)d the European Environmental Agency - EEA
(2008) provide overviews more focused on technif@rmation about the models such as, geographical
coverage, theme covered, data input, model outfinisation, strengths, etc.

Also Verburg (2006), presented the variety of midglapproaches discussing the main characterisfics
models, the strength and weakness of current appesaand indicated the remaining challenges for the
land use community (Verburg et al, 2006). The naaracteristics analysed are spatial or non-spatial
models, dynamic or static models, descriptive espriptive, deductive or inductive, agent-basegixel-
based and regional or global.

The first main characteristic is whether the modekpatial or non-spatial. The spatial models atm a
spatially explicit representations of land use gt some level of spatial detail (could be raster
administrative units). In spite of the diverse aygmhes, the spatially explicit models share appnateély
the same structure (Figure 3).
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In their model structure, a distinction is madewsstn the calculation of the amount of change aed th
allocation of change. In both cases the calculaiomade using various driving forces that provide
location and as well the amount of change.

The suitability map or preference map represemstiitability of the location for a specific landeubased
on the driving factors that influence the allocatiof this land use type. This process is one ofrtivet
important components of the land use models an® thie a diverse set of analytical processes teldev

it. The CLUE-s (Verburg, 1999) model, for exampteeates the transition map through the logistic
regression method; meanwhile the CA_Markov (Eastri@03) suggest to use a Multi-criteria Evaluation
(MCE) method to develop the suitability map.

Regarding the claim of different land uses, theeevarious approaches: the bottom-up in which gaial
dynamics and allocation rules determine the aggeelgauantity of land use change; the top-down
approach in which the quantity of change is based set of driving factors and is used as a constira
the actual allocation process and a hybrid appré@ckhich the land use requirements are influenge b
feedback for the allocation module to account fay. ¢he land availability and changing land values
(Verburg et al, 2006) .

Driving factors of the Driving factors of the
quantity of land use change location of land use change
Creation of a
Suitability map

Land Use Change
Rate and Magnitude

\ F;@r l Top-Down constraint l

Allocation algorithm

Time Loop
Land use map at t

Suitability map

Figure 3: Generalized model structure of spatiallyexplicit land use change model (Verburg et al,
2006).

The non-spatial models are focused on modellingwarnand proportion of land use change, without
specific attention for its spatial allocation.

The second characteristic is related with the tealdesue. The dynamic models focuses on the temhpor
dynamic of the land-uses system, through the cdtigpebetween land uses, the changes from thetpast
cannot change in the future (for e.g. agriculturanged to urban cannot change back to agriculand)
fixed land use trajectories. They are more appabed to be used for projections of future landalsnge.
On the other side, the static models do not deperaitime series of an input data. This kind of eled¢an
be used to test our knowledge of the driving formfdsind use change.

The third characteristic defines if the model isaligptive or prescriptive. The descriptive moddis at
simulating the land use system based on the agaedrns and the projections of land cover/use ghéor
scenarios conditions in a near future. The preeepnodels aim at the calculation of optimizeddarse
configurations that best match a set of goals djectives. In fact, the actual land use systenmdtuded
as a constraint for more optimal land use confijoma. The land use system is modelled in the vaay t
best matches a series of objectives. The presaiphodels are useful for policy analysis sinceythe
provide a spatial visualization of the land-usetqras based on the constraints and objectives qurslyi
specified.

The fourth characteristic concerns the role of the®he majority of the land use models are indwgtin
which the model requirement is based on statistioatelations between land use changes and driving
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factors that provide insight into this change. Magiables and relationships are identified troughious
statistics, transition probabilities and calibrasauns. In contrast, the deductive approach issfed on the
critical human-environment interaction, identifiedd concentrate the attention on the data requoed
explore those relationships.

The fifth characteristic is related with the sintath objects. In most part of spatially explicit netglthe

unit of analysis is Pixel-Based representation. Thi of analysis could be an area of land, a patyg
representing a field, a plot, census track or @lpas part of raster-based representation. The lsed
changes are calculated for these objects, dirgeylting in maps that show the changes in land-use
pattern. Another group of models is representeddgnt-Based. The type of models is autonomous, they
share an environment through agent communicatianirseraction, they give importance to the decision
making process of the agents, the social organizatnd landscape.

The last characteristic is if the model is GlobaRegional. The Regional models could be appliethfthe
very local case studies to continental level. Thosmlels vary in terms of resolutions that could be
between 50fhand 1000 krh The CLUE-s model, for example, is a regional nicated was used in
EURURALIS project, at 1km per 1km resolution, camgrthe EU-27.

The Global models are applied at continental antalscale. They have been developed mainly toyseal
how land use/cover changes can play an importdmimanalyses of climate change, biodiversity |esgl
agriculture production or world markets. Usuallistmodels link sub-components representing popuiati
economic activity leading to demands for agric@tysroducts, technological and other themes. Anothe
group of global models that address land use dycsanie global economy models. They explain the land
allocation by demand supply structures of the lartdnsive sectors. Example of these models is the
GTAP/LEITAP? (Purdue University) that was also applied on EURIUFS project to quantify the
agriculture demand at national level.

As mentioned before, one of the main efforts of th&CC program is the integration of Global with
Regional models. Recently, many research projemtsisf on integrates the local and global models
resulting in more sophisticated and promissoryltesu

An example at European level, the EURURALIS projesz the CLUE-s model to allocate the land use on
a grid level of 1km by 1km using the informatiofea from the Global models — GTAP/LEITAP (Macro-
economic model) and IMAGE (Environmental model).eTland use change is based on competition
between different land uses and the use of splddation rules (Klijn. J., et al. 2005).

The SCENAR2020 project is very similar in termscodss sector modelling. The modelling framework is
constructed under three economic models (LEITAPIMESand CAPRI), one environmental model
(IMAGE), and also the CLUE-s model to allocate thed use at grid level and three economic models
(E.C., 2007).

For SENSOR - SIAT the NEMESIS model provide theufetland use claims at country level and other
sector models works at NUTS level. The Dyna-CLURIsed to bridge the gap between the outputs of
NEMESIS and the input requirements of CAPRI andEFEN and to provide more information for the
sustainability impact indicators. The Dyna-CLUEatjgregates the land use claims by country computed
in NEMESIS down 1km by 1km grid units and also impmrates the spatial policies (Janson, T., et al.,
2008).

The PRELUDE - EEA project (EEA, 2005), use the MEONRAMICA (RIKS, 2009) model, which
incorporates several simulation models that arketinusing the Geonamica software environment. The
MoLAND (Barredo, et al., 2003) and LUMOCAP (Van [&h et al., 2010) are also based on the same
modelling framework.

The METRONAMICA model is a spatially-dynamic landeumodel that defines the potential land use
change in the future taking into account the dersdrain several sectors.

2 GTAP official Web-page, Purdue University: httpswwv.gtap.agecon.purdue.edu/
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The range of models presented, shows different Hioglframeworks, scenarios approaches, as well,
participation of the stakeholder in the scenariegetbpment work. They present experience, conirigut
with different elements of the framework and itplagation in policy relevant scenarios analysis.

3 Land cover modelling process

This chapter presents an overview including a kategcription of step-by-step procedures relatedata
processing, model set-up, definition of assumptiohduture change, and assessment of the predicted
values.

The following steps are usually followed in landzeomodelling process:
1. Data collection and preparation of inputs for médg]

2. Match correspondence between different land covapsm(if needed to combine
different sources);

Build matrix with land cover flows;

4. Elaborate flow accounts describing the processdanaf cover change in the region of
interest;
5. Indicators of land cover changes from land coveroants for two years at least (for

example 2001 and 2008: Total land cover 2001; mrdiurban land uptake as % of land
uptake; main annual conversion between agriculme forest and semi-natural land in
ha/year, etc.)

6. Analysis by class for defining spatial patternsefitification hotspots) of urban land;
spatial patterns of agricultural land, spatial g@aits of forest land, etc.

Identification of the most important driving forctes each land cover change.

8. Translation of qualitative storylines to quantitetiinput in land use / cover change
models are frequently used for scenarios simulgfighe translation of qualitative
storylines into quantitative model conditions iseofdone on an ad-hoc basis.

9. Calibration runs for consistent data assimilatimnepresent the future states.

10. Validation of modelling results for model assesstméncluding qualitative and
guantitative analysis of the results

Several of these steps are illustrated in the méspters with examples derived from Land Change
Modeller on a test in North Bulgaria using CORINE Bs input.

3.1 Analysis of the land use patterns with LEAC met  hod

The land use patterns could be analyzed troughatiteuse accounts methodology developed by the EEA
and ETC-LUSI.

Since 2002, ETC-LUSI, together with EEA, is working an accounting methodology for land use and
ecosystem, the LEAC method (Weber, 2007). The ElR& 11/2006) report “Land accounts for Europe -
LEAC 1990-2000" presents the first application listmethod, demonstrating detailed characterisation
(including quantitative estimations) of major lanske patterns and changes in EU — the urban, atynialyl
forest and semi-natural land-cover classes.

The LEAC method is based on the concepts of stadkflaws as in conventional accounts (Weber, 2006).
The key focus of land cover accounts is the undedihg of the way in which stock of different land
covers and uses are transformed over time. Theftianations are classified into some 40 types odda
cover flows (Annex VIII). LEAC (1990-2000-2006) acerived from CORINE Land Cover (remote
sensing product classification aided by expert ienaterpretation).
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ETC-LUSI has developed different tools to querydlaover data and land cover changes information in
two different periods (1990 and 2000; 2000 and 200®ese tools work with an On-line Analytical
Processing (OLAP) database, accessible througmtemet. The database is structured in accordemee
multi-dimensional approach for retrieving land cowsing different analytical reporting units (LARU)
however the system is not closed to other kindaté dpopulation, nature protection, transportatieater
assets). The LEAC tool allows for efficient prodegsand retrieval of data on continental scale and
perform spatial-based queries directly (without \5I& this stage LEAC includes land cover data sype
but with theoretically unlimited possibility to ihmle other subjects, as areas of different ratgziafary
productivity and areas with different degree ofitathrichness among others.

The land use accounts can potentially be used ko éeplore key issues related to questions about
sustainable development. In this context the lamgeicaccount could provide a comprehensive pictfire
land cover and land use for Black Sea Basin froniclviinformation about trends can be derived and
indicators of change constructed. It is a way émdardize classification of land cover, land us# eauses
(driving forces) of changes in land cover an lasd (EEA, 2006). The LEAC method can be implemented
as soon as two time-steps of land cover are availdlowing for quantitative comparison.

3.2 Land Cover analysis of North Bulgaria testings ite

Fist, a land cover legend should be selected anttom@vailable ones (Table 1) or modified accordimg
our specific needs. The following legend was adhftem CORINE LC (Annex 9) for model testing in
Bulgaria.

New class codg Label CORINE LC code
1 Residential 111, 112
2 Industry 121,122,123,124, 131, 132, 133, 422
3 Recreation 141, 142
6 Intensive agriculture 212,213
4 Homogeneous Agriculture 211, 221, 222, 223
6 Heterogeneous agriculture 241,242, 243, 244
8 Broadleaved/mixed forest 311, 313
7 Coniferous/young forest 312, 324
5 Grassland 321, 322, 323, 231
9 Bared land 331, 332, 333, 334, 335
10 Wetland 411,412, 421, 423
11 Water 511,512, 521, 522, 523

Table 1: CORINE 44 classes grouped into 11 categes for Land change modelling input

The transformations of each land cover over tima &snsition matrix describe the transfers intd ant
the different cover categories between two timeioglst This matrix is difficult to read and can be
presented more usefully in the form of flow acceunt

Gains and losses between 1990 and 2000 Net Change between 1990 and 2000
WWater } ater :
Wetland - . Wetland - :
Bared land - e Bared land - e
Broadlesvedimixed forest - { Broadleavedinixed forest ﬁ
Coniferousivoung forest - E Coniferousioung forest - = |
Heterogeneous agricufture i Heterogeneous agriculiure :
Grazsland ﬁ Grazsland E
Homogenous Agricuture m Homogenous: Agricutture :
Recreation - . Recreation - :
Inciistey - Incluistry - -;
Residential - : Residential - :
012 -008 -008 -003 000 003 005 009 012 004 002 000 002 004 006
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Figure 4: Gains and losses between land cover categes and net changes for Model testing area in
North Bulgaria, graphics derived from LCM

The graphs emphasize the main transitions (Figlire.@ bared land increase and broadleaf forest and
grassland decrease in percentage of the entire @heme flows are mostly related with the following
conversions:

FROM TO Land Cover Flow Description
Homogeneous | Grassland LCF61 and LCF62 Withdrawal of farming - farmland
Agriculture abandonment and other conversions from
agriculture activity in favor of forest or
natural land.
Homogeneous | Heterogeneous | LCF4 and LCF6 Conversion between farming types and
Agriculture Agriculture Withdrawal of farming without significant
woodland creation
Heterogeneous | Homogeneous | LCF4 and LCF5 Conversion between farming types and
Agriculture Agriculture conversion from semi-natural to
agriculture.
Grassland Homogeneous | LCF52 Conversion  from semi-natural to
Agriculture agriculture
Grassland Heterogeneous | LCF52 Conversion  from  semi-natural  to
Agriculture agriculture
Grassland Coniferous /| LCF72 Forest creation, afforestation

Young Forest

Coniferous /| Broadleaved LCF73 Forest Internal conversions
Young Forest Mixed Forest

Coniferous /| Broadleaved LCF73 Forest Internal conversions
Young Forest | Mixed Forest

Table 2: Main land transitions in North Bulgaria

The major change verified between 1990 and 20Muigaria was reflected mainly in the Broadleaved /
Mixed Forest, Coniferous / Young Forest categasias Grassland (Table 2).

Over the 90's the main changes occurred, mainlyderi the forest categories (LCF73) including
Coniferous/ Young Forest to Broadleaved/Mixed fotead. A more discrete conversion is verified from
the semi-natural land (Grassland) to agricultuer{(bgeneous and heterogeneous) (LCF521 and LC522).

Other important key flows identified in agricultuageas was the withdrawal of farming with woodland
creation (LCF61) and the afforestation (LCF72) thahsequently converts into Broadleaved / Mixed
Forest.

The figure 5 represents all transitions in the tasta, and emphasises the one selected for poedicti
Related with agriculture areas, the largest chaogees from homogeneous to heterogeneous. Thisofype
flow is mostly related with conversions betweenbgdand and permanent crops (LCF453 and LCF444),
diffuse extension of set aside fallow land and wast(LCF412), farmland abandonment in favour of
natural or semi-natural landscape (LCF62) and sibenof agro-forestry (LCF47).
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Figure 5: All land cover transitions in North Bulgaria

The urban residential sprawl in Bulgaria was veigcibte comparing with forest and agriculture. The
conversions occurred mainly from homogeneous artérégeneous agriculture areas, grassland and
coniferous/ young forest to residential. The sprafvieconomic sites and infrastructure was verified
general as an increase between 1990 and 2000,ntiieerception is the loss for the water category,
eventually related extension of water surfacesltiagufrom the creation of dams and reservoirs (BCF

or changes in land cover resulting from naturalngimeena with or without any human influence (LCF9).
Wetland register an increase between 1990 and e@&btually related with changes of land cover due t
natural and multiple causes as rotation betweerdithesemi-natural and natural land cover types GFL
(LCF912) and coastal erosion conversion of all lander types to intertidal, estuaries or sea arehoc
(LCF93).

3.3 Land use scenario building

The land use scenarios will be built around redistarylines closely connected to well establisiybabal
scenarios published for instance by IPCC and UniNedions Environment Programme (UNEP). The
different scenarios combine the assessment of esaingthe bio-physical environment with simultargeou
changes in the socio-economic environment. Theviie8 proposed under this work package are divided
in two sub-tasks:

a. Definition of scenarios in Black Sea Basin usagilable assumptions and estimated
indicators on future socio-economic developmentipat

b. Assessment of land cover uses changes for eiffescenarios in the black sea
catchments.

Usually few scenarios are considered including iess as usual or trend scenario, extreme develdpmen
scenario and sustainable development scenario.

An example is provided bellow in figure 6 (assuroptiof possible quantity of change) and figure 7
(resulting allocation of the change).
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Figure 6: Example of quantification in different time steps of possible agricultural transformation
from homogeneous to heterogeneous.

The business as usual scenario was constructetyjrapphe Land Change Modeller (LCM), set-up with
CORINE LC data 1990 — 2000, and 2006 for validatidocording to the trend most extensive land cover
change within the period used for training was@gtiral transitions from homogeneous to heterogesge
as shown on figure 7.

[ wetland

I ater

I Residential

[] Recreation

[ industry

I Homogeneous Agriculture
b [ Heterageneous Agriculture
M Grassland

[ Coniferous | Young Forest
M Broadleaved [ Mixed Forest
M Bared Land

Figure 7: Land Change Modeler test in Sofia regioBulgaria. Business-as-usual scenario
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Figure 8: Assessment of the Land Use Modeler resslt

The assessment of possible change in agricultulieates that actually, the quantity of change betwe
2000 and 2006 was far larger than the history fi@®0 and 2000. Once, the model takes into acchent t
past, the prediction will be based on this amoumt eonsequently will project the future. The quigntif
“Misses” pixels is quite large because the moded mat able to detect these changes.

4  Overview of Land cover models

4.1 Models options

The previous chapter was dedicated to the modetlivegacteristics and procedures. This chapter wevie
briefly the modelling tools currently available gonulate spatially explicit land use scenarios timatld be
applied to the Black Sea Basin.

The models choice is basically dependent on theareh questions that need to be answered and the da
available. First of all, it is important to defitiee main criteria for land use model selection.

Spatial explicit models were identified throughetdture review. Although numerous models were
identified, this review is focused only in modéist take into account the following criteria:

 The model should be spatially explicit — the larsg whanges should be represented spatially at
least 1km by 1km grid level

* The model should be able to predict at least @8@in the future, capture time slides, themes and
driving forces in order to implement and assess ithpact of multiple scenarios types and
compare the outcomes

» The model should be chosen taking into considerdtie data available for the whole Black Sea
Basin.

» The model should be able to simulate and analydtpteuand use types
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The land use models identified and presented béldfiv all these requirements. The next step was to
check the main functionalities of each model ineortb select the best candidate for developing the
spatially explicit land use scenarios in the Bl&ga Basin.

The review summarizes several of the leading dpatiplicit models which explain the causes and
consequences of land use dynamics and which arentiyrused to predict land use changes. More peci
details are provided in the table that presentsoat @nd general model description, adapting thecstre

of the template used by EEA (EEA, 2008): the matieiension, model development and the use of the
model in environmental assessments (Annex II).

4.1.1 Land Change Modeller (Eastman, 2006)

The Land Change Modeller (LCM) for Ecological Susability for IDRISI 15.0 is a land cover change
analysis and prediction model. This model provideomplete analysis of land change trough theioreat
of land change maps and graphs, land class tramsiind trends. Regarding the prediction module, th
model is able to create land change scenarios imtigration of bio-physical and socioeconomic fasto
that influence the land use change. Usually, tlopHoysical factors integrated in the model are lasd
type, elevation, slope (derived form Digital EldeatModel - DEM), and hydrological features (distario
rivers and lakes). Regarding the socio-economitofacthe model could use infrastructure (e.g. spad
demography (McConnell, W. J.; Sweeney S.; Mulley,2804) (Annex llI).

After having specified the variables which drivee ttype and transition to take place, the model will
predict, for the specified future data the allomatof land cover changes. The LCM also includes the
spatial zoning regulations, constraining or inoggdj such as new infrastructure planning or corrido
planning in order to make the model more complete.

Several studies used this model to predict lansh@balynamics. In Bolivia the LCM was implemented to
study the impact of the roads development on Ias®land biodiversity conservation. In this studydsa
may grow based on the projected land cover chanddte road information is fed-back into land chang
prediction. In Madagascar the LCM was used to iflert set of driving factors that can influence the
various spatial patterns of agriculture convergitiang, Z., 2007). The LCM was also used to anallyse
land use changes in Mexico, trough a transitiorsclenatrix, built using regression techniques to
understand the gains and losses for forest landJasmes, N.; Sendra, J.; Delgado, M.; Rocha, D082

The major advantage of this model is the easy ¢dnterface that could be used as a decision stippus

for impact assessment in habitat and biodiverditye output provided a spatial explicit scenariod an
vulnerability maps. The vulnerability maps are getig chosen for land use impact assessment bedause
provides comprehensive analyses of change poteritialalidation tool is also available to assess the
quality of the prediction map in relation to a ndpeality.

4.1.2 CA_Markov (Eastman, 1999)

CA_Markov is a combined Cellular Automata / Markchange land cover prediction procedure. It adds an
element of spatial contiguity as well as knowledf¢he likely spatial distribution of transition tdarkov
change analysis. The Cellular automata componémwslthe transition probabilities of one pixel te &
function of neighbouring pixels (Eastman, J., 200@nnex 1V)

The CA_Markov can simulate changes prediction freemeral transition classes. The spatial-temporal
Markov chain can be used to quantify the amountgach category in the landscape. Therefore, the
location of change transition is based on a suitpbhaps and contiguity rule (Pontius, G., 2005he
suitability map for each transition are built thgbuthe MCE (Multi-criteria evaluation) method ogistic
regression and include suitability variables (eslgpe, elevation, hydrology) that describes theunaht
capacity of the land to support the transition uresfion and driver variables (e.g. infrastructuiegt
capture the historical issues that establishes dopaions as being more likely to change than rgthe
(Eastman, 2005). The contiguity rule has the ¢ftéqredicting the growth of a category near |omag
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where the category already exists for e.g. a pixal is near an urban area is more likely to became
urban pixel than one pixel that is farther.

The CA_Markov was one of the three models applie8intra and Cascais to analyse the urban land use
dynamics. The suitability map predicts the transitiof categories built and non-built up areas. The
probabilistic suitability map was built from urbareas for time 0, distance to urban center, artdrdie to
main roads and slope. The quantity of each catethwough time are obtained by estimating variations
guantities for each category at tO and t1, assutmiedgransition conditional probabilities are camstover
time (Cabral, 2006).

In Mississippi Delta, U.S.A, the CA_Markov was ugednodel the past trends, to create future laneico
scenarios and examine responses of coastal tarsiid sea level rise and evaluating the effecdgerof
management efforts (Shirley, et al., 2008).

For the Siberian Baikal region, spatial-temporaldels and projections are developed for forest pette
and trends over Soviet and early post-Soviet. TheMarkov coupled with a logistic model was applted
characterize the land use patterns and trendsoashelelop predictive scenarios (Peterson, et 8920

4,1.3 CLUE Framework

The CLUE model is a tool to better understand &émal luse patterns and explore possible future chiange
land use at regional scale. The methodology integize spatially explicit analysis of relations weén
land use and its driving forces to a dynamic sitiattatechnique to explore changes in land use under
scenario assumptions.

The CLUE modelling framework include two differamrsions. The CLUE model (Veldkamp et al., 1996)
is developed for continental/global applicatiornudes soft-classified data when high resolutioa da¢ not
available, which usually happens in large extermhsir The CLUE-s model (Verburg et al., 2002) isbdas
on high-resolution data in which each pixel only@in one land use type. This model has mainly been
used in national case studies with a local to regliextent, and recently it is also possible touate high
resolution land use change for larger areas (Ver2004).

The land use location is based on a combinaticdhesuitability of the location itself and the castifive
advantage of the different land use types, which fanction of the demand. The demand is provided b
exogenous models and can be based on differentitges ranging from simple trends extrapolation or
advanced multi-sectoral modelling (e.g. EURURAL2804, SENSOR-SIAT, 2004).

The input data supplied to set-up the model agestbatial policies and constraints including thekpa
protected areas and agriculture areas; the lantraisgition succession; the land use demand tlchtdas
historical trends, scenarios and finally the lamatcharacteristics such soil, accessibility, eterpyrg, P.
2004). (Annex V)

This model is one of the most used land allocatimdel in the globe with applications over the diffet
regions and with different extent. The CLUE-s modek used for different purposes such as agri@jltur
deforestation and urban areas.

The CLUE-s model was used in various projects lscBURURALIS project (2004), SENSOR-SIAT (EU
FP6 Integrated Project, 2004) and Scenar2000 (R@D7 as a land allocation model to define poténtia
land use changes in the future taking into accthumtdemands from different sectors (e.g agriculaune
economy).

4.1.4 METRONAMICA (RIKS, 2005)

METRONAMICA is a spatially-dynamic land use modealveéloped to analyse the effects of alternative
policy scenarios on the quality of the socio-ecoimomind physical environment in cities regions or
countries caused by autonomous development, exticars and policy measures. The system creates
dynamics year by year land use maps as well ag@ablpatxplicit economic, ecologic and social indices
represented at high spatial resolution.
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The main characteristic of METRONAMICA is the intagon at three geographical levels.

The global level (one administrative or physicalitgh refers to the global trends for populatiorogth,
activities per economic sector, and expansion dfquéar natural land uses.

The regional (N administrative or physical entitigithin the global level): on one side the natiogadwth
will be spread over the whole modelled area, arah th will allocate the interregional differenceg o
activities and residents based on the relativactttreness of each region.

The local (N cellular units within each regionatigy): consequently the regional demands are alkmtan
the land use maps by means of cellular automatadbasd use. The changes in the land use at tlaé¢ loc
level are driven by four important factors (Deldehal 2006):

* The physical suitability is the degree to whichl ¢gffit to support a particular land use function
and the associated economic or residential actigitparticular activity.

* The zoning or institutional suitability for diffeme planning periods specifying which area are
permitted or constrained by a particular land use.

» The accessibility is an expression of the ease witlich an activity can fulfil its needs for
transportation and mobility in a particular celsbd on the transportation system.

« Dynamic impact of land uses in the area immediaglyounding a location. For land use
function, a set of spatial interaction rules deiessa the degree to which it is attracted to, or
repelled by the other functions present in its@aumdings. If the attractiveness is high enough, the
function will try to occupy the location, if not, will look for more attractive places.

The METRONAMICA has been used in various projedisEaropean level. For example for EEA-
PRELUDE, the METRONAMICA was used as a support edigy-making, to explore the impacts of
scenarios on land use in Europe. There are seuethland non EU projects that apply the
METRONAMICA as a land use allocation model integohtvith several sector models.

The MoLAND (JRC) was developed to simulate futurbam and regional development based on policy
and zoning regulations, accessibility and suitghilto monitoring the sustainability and adaptation
natural hazards. This model integrates METRONAMIG# a land use model with other sector models
(Economic, Demographic and Transportation sub-gysteThe MoLAND model has been applied to an
extensive network of cities and regions, contrifigitfor e.g. to the evaluation and analysis of inhpc
extreme weather events (Genovese, E., et al., 28@6)}o analyse the urban development and economy
demand for European tourism region through lamdalsnge scenarios (Petrov, et al., 2008).

DeSurvey Integrated Assessment Model (IAM) (EC BRfect) is a framework to develop policy support
systems with the aim to support planners and pati@kers that deal with regional development and
desertification. This model is used for impact assgent of the various external factors and policy
measures. This model improves the previous EU-pt®jeuch as MODULUSand MedActioh Policy
Support System (PSS) and contains 20 models inexfjravith different spatial and temporal scaleg.(e.
climate, hydrology, water management, erosion,nigation, vegetation growth, land use, macro-
economics, crop choice, irrigation). Similarly teetprevious projects, the METRONAMICA is integrated
as a land use module to allocate the demand fdruae on the land use map. This model was apptied o
various case studies in Sahel, the Maghreb, ChileGhina (Delden, et. al. 2008).

The LUMOCAP project was developed jointly by JRA,J Keuven, Institute of Soil Science and Plant
Cultivation - IUNG, Research Institute for Knowled®ystems - RIKS Netherlands. The Dynamic Land
Use change Modelling for CAP (Common Agricultureli®g aims to assess how different policy

scenarios will impact land use and landscape in2heMember States of the European Union. The
LUMOCAP PSS consist of a selection of models link&#d a single integrated model that integrates bio

3 MODULUS official web-page, RIKS web -page http://wwiks.nl/projects/MODULUS

4 MedAction official web-page, RIKS web -page httwihw.riks.nl/projects/MedAction
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physical and socio-economic factors. In LUMOCAR: METRONAMICA land use model is also used to
allocate the land use demands from the spatialdictien model at NUTS 2 level (Delden, et al, 2010)

4.2 Model Comparison

The review of modelling tools, developed and/orlegapin previous projects, such as SENSOR, ATEAM,
EURURALIS etc. reveals an ample choice of availahlelels. Following a set of criteria for model pre-
selection allowed to focus on four ones for dethidteerview and comparison: Land Change Modeller,
CA_Markov, METRONAMICA and CLUE. The Land Change tiler and CA_Markov were tested for
certain functionalities on an area defined for niotiessting covering roughly North Bulgaria. The
METRONAMICA and the CLUE model were explored usthg tutorial material provided by the owners.

However, the final model selection remains an ofssme. Despite the fact that the four models can
generally fulfil the same application, they diffier terms of specific features applicability, likevel of
complexity addressed (modelled dimensions), infdtionaon model development, optimization of model
input processing, price of purchase and functitieslifor specific end-user needs, as policy-impact
assessment.

Key functionalities:
» General purpose- spatial planning and design or more strategidugtion for policy-making
* Modelling (cellular automata, neural networks, logistic regrens)

» Integrating multi-disciplinary themes (integrating different drivers and factors in ateractive
for reflecting scenario assumptions)

»  Multiple purpose applicability (e.g. policy support, impact assessment, sceaggessment)

CA_Markov Land Change GEONAMICA — CLUE-S
Clark Lab IDRISI Modeler METRONAMICA (WUR)
Clark Lab IDRISI (RIKS)
Socio-economic X X X
factors
Biophysical factors X X X X
Spatia policies X X X
Accessibility X X X
Land cover change X X
analysi
Multi-scale X
modelling
Pre-defined X X
indicators
Easy to use X X
Interface
Various transitions X X X X
Scenarios X
building tool
Decision-Support X
Systen
Total 2 8 11 5
Cus Aprox. 500 eurc® 27.000 eurc Free

5> Academic license
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Table 3: Model characteristics comparison

METRONAMICA is designed to better address the styitissues of environmental assessment addressing
processes at multiple scales. For example, maigatats such as country income would be introduated
global level e.g. country and downscaled to smallgts like municipalities on the basis of the haf
main land use for ex, industry, forestry or agtictd. The user-friendly interface (Figure 9) allotes
assess impact of policy-action, impact of futureiemmental, demographic and socio-economical chang
etc. through the step-by-step scenario building too

™ Main window

e Soil sealing @ Showmap
Scenarios
Indicators Expansion of urban areas 0 Show map
Forested areas @ Showmap
Deforested land @  Showmap
abandoned land @ Showmap
Habitat fragmentation

Regional averages’

Indicator: iSoi\ sealing v|
T
Region M of cells
Marine Water 1363
Sassari 739
Nuoro 368
Qristano Zz20

Figure 9: Metronamica Interface — Drivers; Scenaris, Indicator

LCM is able to address more local or region-speafiatial issues such as road and urban infrasteict
designing, green and ecological corridor desigitiigure 10).

Change &nalyziz 1 Transition F'o'tentialsi Change Predictinni Implicalionsi Planning ]

[A LCM Project Parameters

L‘i
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Figure 10: Land Change Modeller interface: Change Aalysis, Transition Potential, Change
Prediction, Implications and Planning

Cellular automata is a key functionality for moddl land use allocation. Three of the models
METRONAMICA, CLUE and CA_Markov use the techniqueCM applies neural networks or logistic
regressions.

METRONAMICA is the modelling framework able to adds the widest range of complexity of thematic
subject (factors and driving forces) for simulatlagd use in an integrated way.

5 Model Inputs

This chapter contains the description of the datgiired for spatially explicit land use models.

To run the model it is needed at least one ye#araf-cover map, however, it is much better to hiéreze
years spanning a meaningful period of changing leader processes to allow for the proper model
calibration and validation.

The land use modelling also requires a large numbeiocio-economic and biophysical factors that are

considered to be important as potential driverthefland use patterns of change. These driverasaraly
represented by variables that describe demograptidciomic and biophysical data.

Finally, the spatial policies contribute to indiedhe areas where land use is able to change of metand
use restrictions include for example the protectfaggures for forest, agriculture, natural areas and
patrimony. On the other hand, the zoning maps stheareas that are designated for the developnient o
specific land use types such urban developmensaoeacological corridors.

Data collection is normally the most time consumaspect of the modelling. Socio-economic data and
biophysical data are needed and there are mangestitat must be consulted to populate the dat®ket
this data should be transformed and processeairdaster format to feed the models at regionallleve

All grids should have the same grid size, projettigeographic system and extent.

A list of example of the data that can be usedimd in table 4.

Description Possible Source(s)
Land use Base year 1 MODIS Land cover type (the only
Base year 2 product consistently updated during

the last decade)

Demographic data

Population density
Urban population density
Rural population density

EUROSTAT, World Population
Prospect

Economic data

Income or GDP

Geographic Data

Proximity to centre city

Europe countries

Proximity to roads GISCO
Proximity to ports Neighbourhood countries
Proximity to major roads ESRI data
Proximity to main airports
Proximity to rail station
Proximity main rivers and lakes ECRINS
Biophysical Data Elevation ASTER-GDEM
Climate Slope map
Aspect map

Soil quality map

Soil Geographical Database of
Euroasia

Precipitation

WorldClim

26



Temperature
Policy maps Natural Protection areas, patrimony, foredEuropean Common Database on
areas. Designated Areas — ECDDA
Development areas for e.g. urban extensgion

or ecological corridors
Administrative units Country and smaller administrative uTiGauIAdministrative Units

boundaries

Table 4: Possible data for the Black Sea Basin moldeputs

The remaining of this chapter intends to presdnpagsible spatial inputs with possibility for latgpdate.

A recommendation is elaborated about the strengtits weaknesses of the main inputs. These inputs
should be further discussed and assessed befoeetisgl the proper set for the actual land-cover
simulations during the next phase of the project.

The global and pan-European land cover mappingssatiktical reporting sources are the main input of
interest for broad comparison of land use changegases across the Black Sea Basin (BSB) couatnis
also for future land cover simulations in the basin

5.1 Land cover data

As mentioned before, the volume of literature ondlacover analysis and change mapping is very
extensive, and especially well developed for @&l regional level e.g. focusing on sites, areagpetial
interest or entire countries. The studies applgludpally or pan-European datasets are less common.

Generally land cover change can be expressed mstef net change in areas per class e.g. areas of
increased or decreased number of hectares. &tisburces of land cover allow for extracting lsuet
changes per country or smaller administrative uUoitsvhich such data is collected.

5.1.1 FAOSTAT

Longest period (since 1961) of such data collectioa harmonized way has been reported by FAO and
available for public use by FAOSTAT6. FAOSTAT cadnta data on areas of agricultural use at two
sources, first as areas retrieved for harvestgasciand second as areas of land cover.

FAO code| Item
1717 Cereals
1804 Citrus Fruit
1814 Coarse Grain
1714 Crops Primary
1753 Fibre Crops Primary
1801 Fruit excl Melons
1737 Fruit Incl Melons
1738 Fruit Primary
1751 Jute & Jute-like Fibres
1732 Oilcrops Primary
1726 Pulses
1720 Roots and Tubers
1729 Treenuts

1800 | Vegetables&Melons

6 FAOSTAT webpagéttp://faostat.fao.org/default.aspx
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Table 5: FAQ’s categories of harvested crops

About 150 crop items are reported, within the categ shown on table n° 5. This source also cositain
information on the yield (tonnes per hectare paryand total volume of crop produced (in tonnes pe
year). See example for Bulgaria on figure n°® 1ie Tomplete time-series were downloaded for most of
the countries within the Black Sea Basin.

—— Cereals
—— Coarse Grain
Fibre Crops
—— Fruit excl Melons
—— Oilcrops
3000 - ——Pulses
—— Roots and Tubers
— Treenuts
2500 - Vegetables&Melons

FAO statistics of areas of crops harvested in Bulga  ria

2000 -

1500 -

1000 4

Area harvested (1000 ha)

500

Figure 11: FAO annual statistics of 9 crop categoes harvested in Bulgaria during the last 40 years

FAOSTAT contains also data on land cover for sdwaategories of land as shown in table 6 reportest o
varying period of time. An example for Bulgariasisown on figure 12.

FAO
Code ITEM

660( Country are
6601 Land are
661( Agricultural arei

6611 Agricultural area irrigate

6620 Arable land and Permanent crops
6621 Arable land

6630 Temporary crops

6631 Temporary. crops irrigated

663z Temporary crops neirrigatec

6633 Temporary meadows and pastures

663¢ Temporary meadows & pastures irrige

6635 Temporary meadows & pastures non-irrigated
6640 Fallow land

6650 Permanent crops

6651 Permanent crops irrigated

6652 Permanent crops non-irrigated

665¢ Permanent meadows and past

6656 Permanent meadows & pastures - Cultivated
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6657 Permanent meadows & pastures Cult. & irrig
665¢ Permanent meadows & pastures Cult.-irrigatec
6659 Permanent meadows & pastures - Naturally grown

6661 Forest area

6670 Other land

6680 Inland water

669( Totd area equipped for irrigatic

Table 6: FAQO’s categories of land cover types

The time-series were downloaded for several coemtand in the next chapter the areas of land cover
reported by FAO are compared to those extracted EJROSTAT, and CORINE LC data.

—— Agricuttural area
FAO -land statistics of Bulgaria — Arable land
Temporary crops
Temporary meadows and pastures
— Fallow land
= Permanent crops
Permanent meadows and pastures
8000 1 ——Forestarea
Other land
Inland water
7000 - Total area equipped for irrigation

6000 -

5000 -

252
4000 +
226 3675
3327 3375 99

3000

Area (1000 ha)

2000 1 2003 1804 1855

1000 { 1054

1961 |
1962 |
1963 |
1964 |
1965 |
1966

1967 |
1968 |
1969 |
1970 |
1971 ]
1972

1973 |
1974 ]
1975 |
1976 |
1977

1978

1979 |
1980 |
1981

1982 |
1983 |
1984 |
1985 |
1986 |
1987

1988 |
1989 |
1990 |
1991 |
1992 |
1993

1994 |
1995 |
1996 |
1997 |
1998 |
1999

2000 |
2001

2002

2003 |
2004 ]
2005 |
2006

2007 ]

Figure 12: FAQO’s land statistics for Bulgaria repoted over the entire period of 1961 until 2007

Values of area (in ha) are shown for arable laorest and permanent meadows and pastures for #ne ye
1961, 1990, 2000 and 2006.

FAO datasets present the longest time-series oferivat data on land use and cover, however the
reporting on country level results in certain liatibns as country boundaries changed in the lagtioe
Analysis of the change in areas of production aettlywould allow to understand very well the praes

of agricultural land use during the last half atoep and in a development perspective. Comparirg th
areas of production with yield per hectare givesratication of development degree (e.g. reflectimy
technological innovations, irrigations, productvimprovements etc). On the other hand, intendityse
and cultivation brings environmental repercussi@ng, impacts like nitrogen loads, €@missions, water
depletion, water pollution, when environmental nsrane not respected.

For land analysis in the Black Sea Basin using FA6Xatistics, a problem will be faced because all
neighbourhood countries, but Turkey changed bolesland so the complete time-series will have to be
analysed as they were before they split into diffiérstates e.g. Yugoslavia and Union of Soviet &isti
Republics - USSR in the nineties and summed upriuat to the same original territory when theytstr
reporting as separate states. This impedes a cupasf land cover change processes even at country
level using FAOSTAT.

5.1.2 Remote sensing products of land cover

Prior to the collection of remote sensing imagefytlee Earth there were few attempts of producing
spatially explicit Pan-European land cover mapse Thutch National Institute for Public Health ané th
Environment (RIVM) produced a ten-minute pan-Euapéand use database by combining non-spatial
statistical information with spatial informationofn available land cover maps. The collection otbglo
coverage of medium resolution imagery from Natioteanic and Atmospheric Administration -
NOAA’s AVHRR (eighties and nineties), NASA’s MODIhd ESA’s MERIS (for the last decade)
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enabled a number of rapid and enthusiastic attetogisoduce more precise global maps, and in automa
reproducible way. Several Global and pan-Europeatasgts are presented below in the order of their
production.

5.1.2.1 Global Land Cover Characterization Data Bas e

The development of the Global Land Cover Charazaéion Data BasgGLCC — Figure 13), a joint effort

of the U.S. Geological Survey (USGS), the Universif Nebraska-Lincoln (UNL), and the European
Commission's Joint Research Centre (JRC) pionegtadxdl land cover mapping. The first Version (102)

the Global database was released to the publicavehiber 1997. This product was developed using
AVHRR monthly NDVI composites from 1992 and 1993dfine cluster units. The clusters, as output of
unsupervised classification were then labelledxpee knowledge. The final map was reclassified wik
additional classification schemes including IGBFSBbver and the USGS Land Use/Land Cover to meet
individual needs of researchers and policy-makers.

IGBP Legend

Class_Names
Evergreen Meedleleaf Forest
Evergreen Broadleaf Forest
Deciduous Needleleaf Forest
Deciduous Broadleaf Forest
Mixed Forest
Closed Shrublands
Open Shrublands
Woody Savannas
Savannas
Grasslands
Permanent Wetlands
Croplands
Urban and Built Up
Cropland /Natural Vegetation
Snow and Ice
Barren or Sparsely Vegetatad

Water

Figure 13: GLCC map 1992-3of Central and Eastern Europe(Source: USGS)

For the European, particularly heterogeneous aaghfented landscape it was assessed by Micher et al
(2000, in the framework of the FP4 PELCOM projeittat the GLCC has limited applicability. For
example it underestimated forests over westerncantral Europe from 26.4% as identified by CORINE
land cover to 7.8% as identified by GLCC. Howethg authors stressed that the project was unigde an
enormous effort had been invested to produce thediobal land cover database at a 1-km resolutian
consistent manner.

5.1.2.2 UMD Global Land Cover classification

The University of Maryland - UMD land cover produietl km spatial resolution used the longest peabd
satellite imagery input. It was released in 1998thg department of Geography of the University of

7 Global Land Cover Characterization Data Bagp://edc2.usgs.gov/glcc/glce.php
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Maryland (Hansen et al, 1998). Imagery from the RRsatellites acquired between 1981 and 1994 were
analyzed to distinguish fourteen land cover claseea modified IGBP scheme. The UMD mapping
employed a supervised classification tree methodvliich temporal metrics derived from all AVHRR
bands and the NDVI were used to predict class meshle across the entire globe. This product is
available at three spatial scales: 1 degree, 8 ikthlakm pixel resolutions. It is available at thiolgal
Land Cover Facilit};

5.1.2.3 PELCOM database

The PELCOM (Pan-European Land Cover Monitoringaase was produced in the framework of the
FP4 project PELCOM, with the purpose of developingnethod for automated land cover classification
able to reproduce regular land cover updates. Agmput were used NDVI maximum-value composites
from year 1997 and daily multi-spectral AVHRR masafrom years 1996 and 1997. The classification
methodology developed in the PELCOM project wasetlasn combining multi-spectral and multi-
temporal AVHRR data in a stratified and integrategproach (PELCOM final report, 2000). Training
samples for supervised classification were derivech selected homogeneous areas of the CORINE land
cover database. Compilation of regional classificaexperiments, accomplished by the various psstime

the project, resulted in a 1 km pan-European lameeic database. It contains ten major classes af lan
cover: forest, grassland, arable land, permanes¢rshrubland, barren land, permanent ice and ,snow
wetlands, water bodies and urban areas.

The assement of PELCOM accuracy in reference wih-tesolution images over Europe resulted in an
overall accuracy of 69.2% which can be classifisdagood result (PELCOM final report, 2000). Within
the FP4 project, the PELCOM database has beenesdssl for assessment of future land cover scemario
and also in various environmental and climate sidin biodiversity research by RIVM, in large-gcal
inventories of biogenic emissions from forests R@S and in meteorological models by Meteo France.
An important conclusion of the project was that medresolution satellites (e.g. MODIS, MERIS) in
combination with statistical and geographic anpjlldata sources have a high potential for land cove
change detection at the European scale (PELCOMiépart, 2000).

5.1.2.4 Global Land Cover 2000

The Global Land Cover 2000 (GLC2000) project wadraarnational initiative, coordinated by the Joint
Research Institute (JRC) at Ispra, ltaly. The dbjecwas to provide a harmonized land cover
database covering the whole globe for the year 200&m spatial resolution and in response to theds

of a number of global environmental policies, adl &g for the Millennium Ecosystems Assessment.

The GLC2000 project was a bottom-up approach tdajlonapping, involving more than 30 teams for
mapping 19 predefined regions (Bartholomé and Belwa005). The VEGA2000 dataset was the main
input, it comprises 14 months of pre-processedydglibbal images (spanning from November 1999 {ill
December 2000) acquired by the SPOT-VEGETATION rimeent. A generally unsupervised
classification was applied and then classes wefieatkfollowing the hierarchical FAO-UNEP Land Cove
Classification System (LCCS) applying the most apgate classes for each region as defined by local
experts to best describe the regional land covaradteristics and still maintain global consistentlye
overall accuracy was assessed as 69% (McCallum22G6).

5.1.2.5 MODIS Land cover type

Collection 5 of MODIS Global Land Cover Type MCD12Qreleased in late 2008) is an improved
methodology for global mapping using both MODIS+Beand MODIS-Aqua instruments. It is derived
from the original MODIS algorithm with substantimhprovements but most important - higher spatial
resolution of 500 m (compared to the previous 1.Khhe Collection 5 product includes a new urbassla
definition that was produced independent of thennagorithm using methods specifically developed fo
global mapping of urban land cover (Friedl et all@0 Also class-specific adjustments designed to
improve mapping of wetlands and deciduous needléteasts were implemented. The annual maps are
generated through supervised classification usinigase algorithms (a decision tree), and ensemble

8 Global Land Cover Facilitiattp://ftp.glcf.umd.edu/index.shtml
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classifications are estimated using boosting whidlow the algorithm to derive estimates of class-
conditional probabilities for each land cover tygieeach pixel (Friedl et al 2010). A methwdsdeveloped
also to stabilize classification variations yeaiy&ar. Cross-validation accuracy assessment iredican
overall accuracy of 75%, with substantial varidapiin class-specific accuracies (Fried! et al, 200the
MSD12qg1l dataset includes five classifications (€ap) the IGBP, Global ecosystems, UMD land cover,
BGC biome scheme, LAI/fPAR biome scheme. Annualates starting from 2001 are freely available at
NASA’s Warehouse Inventory Search Tool (W)ST

Class IGBP (Type 1) | UMD (Type | LAI/fPAR NPP (Type 4) | PFT
2) (Type 3) (Type 5)
0 Unvegetated| Water Water Water Water Water
1 forest Evergreen Evergreen Grasses/Cerea| Evergreen Evergreen
Needleleaf forest| Needleleaf crops Needleleaf Needleleaf
forest vegetation trees
2 Evergreen Evergreen Shrubs Evergreen Evergreen
Broadleaf forest | Broadleaf Broadleaf Broadleaf
fores' vegetatio trees
3 Deciduous Deciduous Broadleaf Deciduous Deciduous
Needleleaf forest| Needleleaf crops Needleleaf Needleleaf
fores' vegetatio trees
4 Deciduous Deciduous Savanna Deciduous Deciduous
Broadleaf forest | Broadleaf Broadleaf Broadleaf
fores' vegetatio trees
5 Mixed forest Mixed forest Evergreen Annual Shrub
Broadleaf Broadleaf
fores vegetatio
6 shrublands | Closed Closed Deciduous Annual grass Grass
shrublands shrublands Broadleaf vegetation
fores
7 Open shrublandg Open Evergreen Non-vegetated | Cereal crops
shrublands Needleleaf land
fores
8 woodlands | Woody savannag Woody Deciduous Urban Broad-leaf
savannas Needleleaf crops
fores
9 Savannas Savannas Non-vegetated Urban and
built-up
10 Grasslands | Grasslands Grasslands Urban Snow and
ice
11 seazonally | Permanent Barren or
inundated or| wetlands sparse
permanently vegetation
12 Croplands | Croplands Croplands
and mosaics
13 Unvegetated Urban and built- | Urban and
up built-ug
14 Croplands | Cropland/Natural
and mosaics| vegetation
mosait
15 Unvegetated Snow and ice
16 Barren or Barren or
sparsely sparsely
vegetate vegetate
254 Unclassified Unclassified Unclassified Unclassified Unclassified
255 Fill Value Fill Value Fill Value Fill Value Fill vV

° Warehouse Inventory Search Ttlips://wist.echo.nasa.gov/~wist/api/imswelcome/
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Table 7: Modis Land cover type. Five classificatioschemes

In the original MODIS land cover (collection 4 rateed in 2004) the mapping methodology was developed
for NASA’'s Earth Observing System (EOS) MODIS lasdience team to frequently update dataset
produced at 1 km resolution. It is produced by pssing the 32-day database using decision tree and
Artificial Neural Network (ANN) classification algdhms to assign land cover classes based on rigaini
data (McCallum, et al.. 2006).

5.1.2.6 GlobCOVER and GlobCORINE

The GlobCover is the most recent global mappingn@et al., 2008). It is an initiative of the Euszm
Space Agency (ESA) that was launched in 2005. |#dsby an international network of partners inahgd
EEA, FAO, GOFC-GOLD, IGBP, JRC, and UNEP. The Glob€& map is produced in 300 m resolution
(the most detailed global map until now) followikAO-UNEP LCCS scheme, and using ENVISAT-
MERIS images of 2005 and 2006 as input. A conshlleraffort was made to improve MERIS data
Geolocation accuracy. Accuracy better than 150 esewvas requested by Land community and, as a
consequence, Globcover can use MERIS only if seaghirement is satisfied.

GlobCorine was derived from the same inputs appicgdGlobCover but forcing another classification
scheme, one adapted according to the European CEORM It has been produced with Pan-European
coverage (released in May 2010) covering the sagnieg 2005-6 and with the same spatial resolution o
300 m. The verification of the GlobCorine databagzs carried out only in France, over the whole
territory. The verification was done by visual imeetation by checking the selected Corine LandeCov
classes (Urban, Forest, Agriculture, Wetlands).rbapments of particular classes were assessed,yname
urban, given that certain deficiency was alreadgwsh in GlobCover. Also the forest class that was
overestimated in the GlobCover has been reducedfisantly in the GlobCorine database.

5.1.3 Assessment of the available land cover datase ts for the BSB

The literature review on assessment of global aardBuropean land cover maps show wide variations in
the estimation of global land cover (PELCOM finabort 2000, Giri et al 2005). This confirms that
quantitative analyses of complex land cover tymgsain a challenging task. A comparative validatién
three 1km products, the GLCC, GLC2000, and MODI®llaover have reported overall area weighted
accuracies of 67%, 69%, and 71%, respectively (MoBeet al 2006).

The global and pan-European statistical and spdtih sources were compared in terms of areas for
selected land cover classes in reference with igdrifand cover data in Hungary. The global spatial

datasets of MODIS Land Cover (MCD12qg1, 500 m), Globker2006 (300 m) and GlobCorine (300 m) are

of special interest as they are the latest prodastsvell as of highest spatial resolution. EUROSTAT

statistics, and CORINE land cover were considexdttieir suitability as wider reference datasets to

enable validation across different countries aratse

Generally, the areas of land cover reported fdissies can be considered to be more precise whakirlg

at total area per class than the spatial datashts.presence of mixed classes in the latter impéues
comparison of absolute numbers. Having in mind limstation it was attempted however to assess Wwhic
of the spatial datasets approximates most clobelydference data. For this purpose, only seledtsses
within a certain administrative unit were comparkdvas not easy to define a reference source df we
accepted precise land cover data, but most comgn@ference data was found in a special report on
setting up a system for National land and foresbanting in Hungary (downloaded from EUROST/

It utilized several European sources of land careas that were analysed and finally presents rémsa
approved by the Hungarian government for year 2000s Hungarian study was the only source of
validated land cover for an entire country from Black Sea Basin. The values were approved maimly o
the basis of the more detailed Hungarian CLC50welt as additional sources. CLC50 was produced
according to the European CLC100 (scale 1:100.00RIBIE Land Cover, minimum mapping unit 25 ha,

ONational land and forest accounting in Hungary, EXBTAT Web-page
http://epp.eurostat.ec.europa.eu/portal/page/pendronmental accounts/documents/environmentadt asscounts/5BA6827BF
4DC41E6E0440003BA9321FE
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minimum width of linear features 100 m) but incladgpdated and enhanced details with satellite image
taken in 1998-99. The report states that the CL&&@base (scale 1:50.000, minimum mapping unit,4 ha
1 ha for lakes, minimum width of linear features rad significantly improved the reliability of thend
cover area estimations and emphasised its suttafoli national purposes. In Hungary, the CLC pectge
were executed by the Institute of Geodesy, Carfgrand Remote Sensing (FOMI).

After selecting this most precise national datawaer land cover datasets assessment it wassiheght
what might be the next best source, compared t@appeoved values for year 2000 in Hungary. Stassti
extracted from EUROSTAT, CORINE LC and FAO’s crapdd land reports were compared for classes

that match as definition between the different sesi(Table 8).

Approved,
CLC 2000 LEAC 2000 Eurostat 2000 FAO land 2000
% of % of % of
code | name Area, ha Area, ha | approved | Area, ha | approved | Area, ha | approved
1. Artificial surfaces 515712 547252 1061
21 Arable land 4499800| 4982977 1107 4499800 10D.04602000 102.3
22 Permanent crops 20130( 21396( 106.: 20130( 100.( 20100( 99.¢
23 Pasture: 71390( 68108° 95.¢
23,
321 Pastures and grassland 1307449 908044 69.5 061 80.4 1051000 80.
Heterogeneous
24 agricultural areas 395589 397685 100.5
2. Agricultural areas 5810589| 6275709 1080 585840 100.8| 5854000 100.
312 Coniferous forest 203374 100583 49.5
311 Broad-leaved forest 1452873 1455719 1700.2
313 Mixed forest 80257 152461 190,0
31 Forests 1736500 1708763 98{4 1769600 1019 aem7 109.8
321 Natural grassland 593549 226957 3B.2
Transitional
324 woodland/shrul 29409° 28714° 97.€
Shrub and/or herb. veget.
32 assoc. 887646 514104 57|19
Open spaces with little
33 or no veg. 9662 2313 239
4. Wetlands 127494 86448 678
511 Water courses 76738 46945 61.2
Fish-pond 3200Q
Other water-bodies 104768
512 Water bodies 136768 127685 93.4
5. Inland waters 213506 174630 81.8 341000 I5
TOTAL 9301109

Table 8: Land cover data sources compared for Hungs.

The values in this table were introduced using réference data of FOMI for Hungary, the land cover
areas for Hungary retrieved with the LEAC tool ahe areas retrieved from EUROSTAT and FAOSTAT.

A good match between the three sources and theenefe can be defined for some classes as aralile lan
and forest and quite poor match between other etaesen if under similar categories as pastures and
grassland (sum of “natural grassland and pasture€ORINE, ‘Permanent meadows and pastures” in
FAO). Comparing these areas for the common clasg@ges that EUROSTAT registers the most truthful
values, closely followed by FAO, and also that CRRILC shows high correspondence when classes are
combined to approximate the aggregated categofiE)BOSTAT and FAO. For mixed classes as mixed
forest, the LEAC overestimates reality due to th@ercoarse resolution of the European CLC levélha
Hungarian assessment emphasised that CORINE affere realistic approximation than the statistical
ones, namely due to the representation of mixedir@mgitional land cover types. For this reasomf,nee
global maps of MODIS MCD12gl 2006, GlobCover 200&l &lobCorine 2006 were compared for
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selected classes using the European LEAC tool fimstHungary (Table 9 and 10) and then for three
countries Austria, Hungary and Bulgaria (Table ®0)the values compared are for year 2006.

LEAC

CLC 2006 MODIS 2006 GlobCORINE GlobCover

Area % of % of % of
code | name Area (ha) (ha) ref Area (ha) | ref Area (ha) | ref
1. Atrtificial surfaces 56156¢ | 348755.! 62.1 21688! 38.€ 127573.. 22.7
2. Agricultural areas 622021 | 7613750 122. 746089  119.¢ 5970191  96.C

Forests and semi-

3. natural areas 2264596 128325156.7 1452069 64.1 3080370 136.0
4. Wetlands 85843 4207.31 49 57369.73 66.8 2453.359 2.9
5. Inland waters 177001 61327.98 34.6 123400.469.7 131543.8 74.3

Table 9: Areas of main land cover categories in Huyary from the latest Global maps

Looking at the aggregated categories correspontin@orine Land Cover (CLC) level 1, it can be
concluded that GlobCorine shows most balanced appation of the five categories, with the artificia
surfaces remarkably underestimated. All productdetgstimate this category, but MODIS achieves the
best approximation and GlobCover the worst. GlolEwhows the best approximation of agricultural
areas and inland waters. These aggregated appitiximavere derived after harmonizing the legends an
grouping the areas of classes of the three prodocteatch the reference Corine LC, as shown inrigu4
and 15.

GlobCorine 2006
Legends of global land cover maps e
as and associated areas
with classes coloured and grouped to match the [ Rainfed cropland
European CORINE LC [_] imigated cropland
- Forest
I shrubland
[ Grassland
Global Globcover 2006 [ Sparsey vegetated areas
[ Post-fiooding or irrigated craplands B Vestated low-lying areas on regularly flooded soil
[1Rainfed croplands [ Bere areas
[ Mosaic Cropland (50-70%) / Vegetation (grassland, shrubland, forest) (20-50%) |:] Complex cropland
[ Mosaic Vegetation (grassland, shrubland, forest) (50-70%) / Cropland {20-50%) [ ater bodies
[ Closed to open (>15%) broadleaved evergreen andior semi-deciduous forest (>5m) [ Permanent snow and ice

[ Closed (»40%) broadieaved deciduous forest (>5m)
[ Open (15-40%) broadieaved deciduous forest (>5m)
Il Ciosed (>40%) needieleaved evergreen forest (>5m) [ Water
I Open (15-490%) needisleaved deciduous or svergreen forest {>5m) I Evergreen Nesdleleaf forest
- Closed to open (>15%) mixed broadleaved and needleleaved forest (>5m) D Evergreen Broadieaf forsst

I Mosaic Forest/Shrubland (50-70%) / Grassland (20-50%) 5 gzg:a:zz :::;t?if::::t
I Mosaic Grassland (50-70%) / Forest/Shrubland (20-50%)

Modis land cover 2006

[ Mixed forest
[ Ciosed to open [>15%) shrubland (<5m) - c\i::ed srhrzblands
[ Closed to open [>15%) grassland Open shrublands

[ Sparse (>15%) vegetation (woody vegetation, shrubs, grassland) Woody savannas
I Closed (=40%) broadleaved forest regularly flooded -Fresh water [_1savannas
- Closed (>40%) broadleaved semi-deciduous andfor evergreen forest regularly flooded -Saline wate E Grasslands

= Closed to open (>15%) vegetation (grassland, shrubland, woody vegetation) on regularly flooded | S Pormanent wetlands
or waterlogged soil -Fresh, brackish or saline water

I :stificial surfaces and associated areas (urban areas >50%) E E;E:I:Z:Z builtup

[ Bare areas [ Cropland/Natural vegetation mosaic
[ water bodies [Jsnowand ice

[__] Permanent snow and ice [ Barren or sparsely vegetated

Figure 14: Legends of GlobCover, GlobCorine and MOIS Land cover matched to approximate the
European CORINE LC
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GlobCover 2005-6

GlobCORINE 2005-6

el 3
CORINE LC 2006

6.0

Figure 15: GlobCover, GlobCorine, MODIS Land coverand CORINE LC images with harmonized
legends
LEAC GlobCORINE
CLC 200¢ MODIS 200€ 200¢ GlobCover200¢
% of | Area % of % of
Area (ha) Area (ha) | ref (ha) ref Area (ha) | ref
1. | Artificial surfaces 561565 348755.9 62.1 216885| 38.6] 127573.1 22
21 | Arable land 4938185 5462441 110.6 | 4918676| 99.6 3150058 63.8
Heterogeneous
24 | agricultural areas 394221 2151309 54b5.7  254221B314.9 2820132 715.4
2. | Agricultural areas 6220214| 7613750] 1224 7460895 1199 5970190 9
31z | Coniferous fores 9650¢ | 48190.8 | 49.¢ 19241.2. 19.¢
311 | Broad-leaved forest 1471971 944863.164.2 1668421 113.3
313 | Mixed forest 152231  168034(8110.4 20998.14 13.8
31 | Forests 1720710 1161089  67.p 1422981 82.7 1708660 99.3
321 | Natural grasslan 226570 | 4142.91 1.8 20228.t 8. | 63878.8 28.2
Transitional
324 | woodland/shrul 31501¢ | 117525.0| 37.% 202242.1 64.2
Sparsely vegetated
333 | areas 2295 279.0563 12|2 7605.005 3314 1104374 2048
Bared areas 214.6587 1305.971 1214.821
Forests and semi-
3. | natural areas 2264591 128325. | 56.7 | 145206!| 64.1 308037 136.(
4. | Wetlands 85843 4207.31 4.9 57369.73 66.8 | 2453.359 2.9
5. | Inland waters 17700 | 61327.9{| 34.€| 123400.| 69.7 | 131543. 74.5

Table 10: Areas of selected land cover classes frahree latest Global maps compared for Hungary
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Looking at the particular classes one can obsdreevery huge difference between class definitiod an
classifiers applied as well as influence of spatablution. MODIS MCD12qlapproximates well ariiic
arable, broadleaf and mixed forest, and underestsrizemendously wetlands, natural grassland, slyars
vegetated areas, and less — scrublands, conifépoest and inland waters. GlobCorine reflects peife

the arable lands (in terms of total area), alsedbras total, wetlands and inland waters. GlobCover
represent well total agricultural areas, broadleaést, transitional shrubs and inland waters. Tiree
products underestimate too much the grasslandsGlmitCover least. The three also overestimate many
times the heterogeneous agriculture which is howewe effect of the spatial resolution, logicallyeth
bigger pixels of the three compared to CORINE'suth@ncompass more mixed land cover types.

Finally for more objective comparison the perceatagf approximating the reference LEAC stocks are
shown for the three countries Austria, Hungary Botharia (Table 10).

MODIS Land cover (2006) | GlobCorine (2005-6) GlobCover (2005-6)
Austrig |Hungary‘Bngarie Austrig Hungary‘Bngarie Austria | Hungary | Bulgarie
Artificial
1. surfaces 47.¢ 62,1 43¢ 37, 38,¢ 42,7 20,¢ 22,7 39.¢
21 Arable land 99,8 110,6 118,8 106,1 99,6 90,5 101,9 63,8 38,2
Heterogeneous
agricultural
24 areas 207,¢ 545,% 226,( 273t 644.¢ 229,% 0,C 715, 195t
Agricultural
2. areas 99,C 122,z 128,¢ 119 119,¢ 110,1 43,6 96,C 67,4
Coniferous
312 forest 0,0 49,9 13,0 4457 19,9 22,9
Broad-leaved
311 forest 24 64,2 330,: 78,C 1132 767,k
313 Mixed forest 258,0 1104 133,11 84,6 13,8 315
31 Forests 79,4 67,5 83,¢ 112.€ 82,7 126,(| 120.; 99,z 1391
Natural
321 grassland 71,5 1,8 33,9 71,5 8,9 5,3 39,3 28,2 6,5
Transitional
324 woodland/shrul 0,0 37,2 56,2 31¢ 0,C 6,3 0,0 64,z 48,7
Sparcely
33Z vegetated are 04 12,2 0,2 61,¢ 331, 18,4 294t 48120,0 4165,
4. Wetlands 27,9 49 47,7 54,9 66,8 375 12,5 29 0,6
5. Inland waters 87,4 34, 36,C 100,¢ 69,7 78,¢ 92,5 74,: 85,2

Table 11: Land cover percentages from Global mapsompared to LEAC 2006

The percentages from the three countries and tiee tland cover products give an impression abaat th
strengths and weaknesses of each product in acoberent way.

514

MODIS Land cover time-serie

The MODIS land cover time series from Collectiorwds downloaded and the different annual maps
screened over known areas in the Black Sea Basfirgbimpression of the applicability of the tinseries

for temporal changes analysis. The inspectiorhaws on figure 16 highlights major deficienciese tack

of urban area change where such should be refle@edround urban centres, the annual fluctuation
heterogeneous agriculture (cropland/natural veigetahosaic) and of high altitude grasslands propabl
more related to annual variations of precipitatiather than actual land cover change.
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I vioody savannas

[ ] Savannas

[ Grasslands
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d cover type 2001

e T

Figure 16: Modis Land cover time series, 2001, 2003005, 2008
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The mosaic maps of years 2001 and 2008 were atzbtasproduce full land-cover change detection with
the Land Change Modeller, over the entire Black Basin and the general figure is shown bellow (Fégu
17). However these land cover change results sHoeildsed for actual analysis and modelling of fitur
changes only after validation for their truthfulaes

Net Change hetween 2001 and 2008 Gains and losses between 2001 and 2008

Barren or sparsely vegetated -
Snowy and ice

CroplandMatural vegetation mosaic -+

Urban and buitt-ugp -

|

i HHMMH H

Croplands

Permanent wetlands -+
Graszlands

SEVANNEE

Woody savannas !

Open shrublands -

Clozed shrublands -

Mixed forest

Deciduous Broacleaf forest |
Beciduous Meedlieleat forest

Evergreen Broadleaf forest -

Evergreen Mesdlsleaf forest -

~4000000 -2000000

o

2000000 | 00000 -300000 0 300000 600

Figure 17: Land cover flows from Modis images, 200fo 2008

As a conclusion, it should be emphasised again ¢hét the statistical datasets allow for long-term
temporal processes analysis, 5 decades until roaggregated per country or smaller administratiies

in some cases. FAO is the only data source allowongpmpare these processes throughout all coantrie
The spatial patterns for land cover and their dyicamare less readily comparable using one datéset.
static terms GlobCorine is the best product fomtouside, water bodies and natural vegetationidigiion
analysis, GlobCorine in addition can help distirsubetween different forest, and other natural taigs
types, but there seems to be gross exaggeratisparkely vegetated areas. MODIS land cover type
products reflect better the urban and agricultuisés, but underestimates forest and natural vémgetat
types. MODIS is reproduced annually and thereforay noffer opportunities for improvement and
multiannual land-cover comparison over the entil@gcB Sea basin, especially if calibrated and impcbv
through use of local and more precise data sources.

5.2 Overview of thematic data

The majority of LUCC models include a component rieapping the “suitability” of land for transition
from one cover type to another. The suitability nagculates the degree to which locations might
potentially change in a future period of time (EBa&h, et al., 2005).

The land use transitions, usually take place atlon with the highest probability for the specifipe of
the land use at the specific moment. The favoysltece is established through a set of explanatory
variables. The biophysical and socio-economic factidescribe the inherent capability of the land to
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support the transition in question and establishestocations as being more likely to change. Addaily,
the interaction between the different actors ancisittn making processes establish the spatial les®d
configuration.

The suitability could include the monetary profitiitural and other factors related with economitdes.
Location characteristics depends also on the phlsttaracteristics such as soil quality, altituolet, also
household, community or administrative level cdtuence the decisions on land use location.

Social and environmental forces driving variablédslamd use change were identified subsequently by
literature review.

5.2.1 Demographic data

The precise form and content of Demographic dapatiiis to be defined depending on the selected land
cover model. The most important characteristicpagulation aspects which are expected to play @maj
role in explanations of land change are is theriligion and the population growth. The conduct of
demographic factors in land use change researohdsming increasingly sophisticated and demographic
data essential.

The data provided from UNIGE WP3.1 rural and urlpapulation, Census projections, Rural and urban
population density should be considered.

5.2.2 Biophysical data

Apart from socio-economic drivers, which are deteant for land use changes, the biophysical factors
such, soil characteristics, climate, slope, vegatatend to define the natural capacity to land csange

to vary among localities and regions (Lambin, et2803). For example, biophysical limitations, suash
steep slopes and difficulty of access provide tast lsonditions for the development of forest landec.

On the other hand, the extreme biophysical events as drought and forest fires, are usually imgum
long term land use changes.

These maps are essentially required for produdiegsuitability maps. As it was described before, th
suitability map represents the suitability of thedtion for a specific land use based on the dyifactors
that influence the allocation of this land use typ@e suitability maps are calculated from a set of
explanatory variables that can be considered adigtnee of the location of change. The suitability
variables describe the inherent capability of #edlto support the transitions.

Elevation, Slope, Aspect - Digital Elevation Mode{(DEM) — the digital elevation model (DEM) would
be obtained from the Advanced Spaceborne Thermabdion and Reflection Radiometer (ASTER)
Global Digital Elevation Model (GDEM) which was dsggped jointly by the Ministry of Economy, Trade
and Industry (METI) of Japan and United States dveti Aeronautics and Space Administration (NASA).
The ASTER-GDEM is a GeoTIFF format with geographsititude and longitude coordinates and a 1 arc
second (approximately 30 m) grid and it is georieed to the WGS84/EGM96 geoid. The accuracies
estimated for the ASTER DEM were 20 m at 95% camfick for vertical data and 30 m at 95% confidence
for horizontal data.

From the DEM, several maps will be derived suct=éesvation, Slope (Figure 18) and Aspect.
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Figure 18: Slope

Rivers and lakes - European catchments and Riversetwork System (ECRINS)have been developed
by European Environment Agency (EEA). It is a fullynnected system of watersheds, main rivers (Eigur
19), secondary rivers (Figure 20), lakes (Figurg Bfonitoring stations, dams from the JRC CCM 2d a
many other sources.

The ECRINS provides some landscape characteristics as lakes and rivers that influence the lamd us
location. These variables are usually represenyethdir proximity. For example, the agriculture diais
more likely to get allocated in coastal plains aedr to the river.

Jiain Rivers

"‘“‘;» [ MamedRivers

Black Ses Basin
Qutside data coverage)

Figure 19: Main Rivers — ECRINS
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Figure 21: Lakes

Soil quality map - Soil Geographical Database of Boasia — the soil quality map should be derived
from Soil Geographical Database of Euroasia (SG&H): 1,000,000. This product was developed jointly
by the European Commission / Joint Research CantteEuropean Soil Database in a collaborative proje
involving all the European Union and neighbourheoodntries. The SGDE is a simplified representatibn
the diversity of the soil coverage representing rtren soil types based on the terminology of theDFA
legend for the Soil Map of the World at scale 108,000. The database contains a list of Soil Tygiokl
Units (STU) and other attributes that describerthteire and properties of the soils.

The principal classes can be exploited to specifyality of soil resources in relation to their @nt use
and potential. For example, the soil quality igjfrently used for crop specific suitability mappitg.this

sense, the European Soil database could be usedstss the quality of the soil for agriculture use
(EC/IRC) (Figure 22).
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Figure 22: Soil quality map for the Black Sea Basi

Climate data (precipitation and temperature) — WorldClim — the WorldClim is a set of global climate
layers (climate grids) with very high resolutiorkii®). The Global Climate data cover the global larehar
(except Antarctica). This product was developedviuseum of Vertebrate Zoology from University of
California, in collaboration with International Ges for Tropical Agriculture (CIAT) and Rainforest
Cooperative Research Centre for Tropical RainfoEestilogy and Management. The data layers were
generated through interpolation of average monthiyate data from weather stations on a 30 arcrebco
(approximately 1km) and include variables such amnthiy total precipitation, and monthly mean,
minimum and maximum temperature.

To interpolate the climate layers, a climate databaas used that was compiled by Global Historical
Climatology Network (GHCN), FAO, World MeteorologicOrganization - WMO, the CIAT, R-Hydronet
and a various additional databases, the DEM — SR the ANUSPLIN software (Hijmans, R.J. et al,
2005). The temporal coverage is from 1960- 199bdeand in some cases from 1950 — 2000 periods.

Climate factors play an important role in land abanges. In agriculture areas for example, thegd®mim
precipitation could justify the intensification aroplands. In forest areas became even more viilecta
fires if there are favourable climate conditionattbause extreme drought.

e am my oy Bverage Annual
1 A Y N @ f racipitation {mm)
A - %mer_rain_yaerriv
\elug

High : 188

Low: 25
Dulsids dala coverags

e el N

s i Lo e

Figure 23: Average annual precipitation, 2000 (mm)
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Figure 24: Average annual mean temperature, 2000¢°* 10)

5.2.3 Zoning and spatial plans

Spatial policies can influence the patterns of lasd change in different ways. There are threerdifft
types of land use spatial policies:

» Restriction of land use/cover change for exampté Wiatura2000,
» Restriction from specific conversions for exampeieulture areas to residential areas,

« Stimulation and discouragement of certain land fmeex. the intensification of agriculture is a
direct result of various measures such as, sulesldigouts and price supports that enable farms to
profitably cultivate new crops (McConnel and Ke3805 IN Lambin 2006).

Natura2000" — The Natura2000 is considered the most importanservation effort implemented in
Europe. The aim of Natura2000 Network is to proteai manage vulnerable species and habitats across
their natural range within Europe countries, irextjve of national or political boundaries. Thisatal
policy looks for rationalise environmental conse¢iwma measures. The creation of the coherent n&twor
“Natura2000” is the result of the measures forithplementation of EU habitats directive 92/43/ERGE a
Bird Directive 79/409/EEC (Figure 25).

For European countries, the data used should belN#turaSite. The NaturaSite is a compilation dztas
based on the Naturasitel00km feature and mergedd 8@ meter buffers around Naturesiteline,
NatureSiteMultipoint & NaturaSitePoint at 1:100.08gale.

11 Natura2000 oficialweb-page: http://ec.europa.elfenment/nature/natura2000/index_en.htm
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Figure 25: Natura 2000

The European Common Database on Designated Areas ECDDA was developed by European

Environment Agency together with UNEP — World Caomaéon Monitoring Center. This database aims to
manage and harmonized information on marine anédeial protected areas. The ECDDA, comprises

information reported by countries, including infation on location, area and boundaries of all dexig

sites under national and sub-nation legislatiomopean community legislation and council of Europe,

international conventions, agreements and prog(&imsre 26).

The Protected Areas Database includes a spatid fay national designated protected areas bas¢ean
digitised boundaries. The ECDDA spatial data co¥nopean, Russia, Central Asia and Greenland.

Figure 26: European Common Database on Desighateddas

The ECDDA information and the World Database ontéuibAreas (WDPA) had worked together to
harmonize the data format, content and timing dfafitav management, quality control procedures,
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dissemination and access to information, and ta&frdpata licensing or restrictions on datasets iglexy/ to
ECDDA. Since 2008, the database was release byfaEpgublic access.

5.2.4 The Infrastructure and Settlements

The transport infrastructure such as roads, ragweyd settlement infrastructures are importantofact
determining the spatial location of land use chan@ich data should be used as location measures fo
namely urban centre proximity, highway proximitgde point proximity.

Regarding the infrastructure data, there are varieference sources. For European countries okEaa
Basin, the GISCO reference source, offers a complata set for this purpose.

The GISCO was developed, maintained, updated asitibdited by Eurostat/ European Commission.
GISCO is a reference database that includes naylirs covering topographic and thematic layers. The
GISCO reference data set provides spatial comparfetiata sets operating at least at five diffecaale
layers 1:25 million, 1:10 million, 1:3 million, Lrillion, and 1:100 000, of which the 1:1 million.

The Transport version 2 (2008) layer contains feature classes representing: rgilimas; railway stations;
roads; road junctions (major interchanges); levelssings; ferry routes; and customs points at orde
crossings.

The dataset has been created using Euro Regional(EERM) version 2.2 and Euro Global Map (EGM)
version 2.1 from EuroGeographics. ERM data is idéehfor use at map scale 1:250 000 and EGM data at
1:1 000 000, so features may have been generdbiseatisplay at these scales. Level crossings aad ro
interchange feature classes are at 1:250K onlythaue are both 250K and 1M scale versions (Figid)e

! o = oh sk toad Links at 1.1 000 000
| 3 N, prict roads links at 1: 250 OO0
N i N roads_250km_gisco
L ; — roads_01m_gisco
| "‘ \ = Black Sea Basin
1 A Quisicle data caverage)

Figure 27: Roads Links (Source: GISCO)

Geographical coverage varies between feature da¥be roads layer at 1: 250 000 cover ten cowntie
the BSB such as Austria, Czech Republic, Germampgdry, Italy, Moldavia, Poland, Romania, Slovenia
and Slovakia. Meanwhile the roads links at 1: 1 cover much more countries. Apart from the
countries mentioned previously, this layer includéso roads data for Switzerland, Croatia, Ukraind
Serbia.

The ESRI data base (2008) provides data for infreBire and settlements. The infrastructure dataset
include the Pan-European major roads and secondags (scale 1:250 000), railroads and railroad
stations (1:100 000) (Figure 30), cities points podulated places (1:100 000) (Figure 29).
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Figure 28: Major Roads and Roads (Source: ESRI)

Although, this data is not as complete as GISC@ thase, the geographical coverage of ESRI data base
covers all BSB. In this sense, for the neighbouchgountries, it should be most appropriate to get
information about infrastructures and settlemenmtsnf this data, in order to close the data gap in
neighbourhood countries.

Populated Flaces
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Figure 29: Populated Places (Source: ESRI)
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Figure 30: Rail Stations (Source: ESRI)

5.3 Datasets for validation of modelling results

Reference Land cover data on Romanian territoqypised by DDNI, could be used for validation.

Apart from Corine Land Cover Maps 1990, 2000, 28b6éady integrated in the EEA Data base repository,
the following images and maps datasets are availabl

5.3.1 Semi-natural grasslands of Romania

The data set cover 650,000ha of semi natural gnagslpolygons distributed on Romanian territorpin
bioregions (Alpine, Continental, Pannonic, Pontid &teppic). Scale of the vector dataset is 1/2%5000e
Reference system STERO 70, Projection Double Sgeapbic/D_Dealul_Piscului_1970, ellipsoid
Krasovski 1940, Datum D_Dealul_Piscului_1970.

Each polygon is mapped at Alliance level, with eltied the list of species and additional informatbon
management type, and state of the grassland.
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Figure 31: Distribution of the Bioregions on Romanan territory

Figure 32: Distribution of Grassland polygons (dateébase 2010)

5.3.2 Transboundary vegetation map of the Biosphere Reserve “Danube Delta”

The mapped area covers 544,941 ha of which 50(h&76 the Romanian Danube delta and 43,821 ha in
the Ukrainian Danube delta. Scale of the vectoaghitis 1/ 25 000 in the Reference system STERO 70,
Projection  Double_Stereographic/D_Dealul_Piscul@v@ ellipsoid Krasovski 1940, Datum
D_Dealul_Piscului_1970. The map show the distrioutdbf 44 vegetation units of marsh, sea shorer rive
levee and sand dunes land forms of the area. Addity a report of the vegetation map explain lebgen
units , give synthesis tables of key plant commesigroups and species list and make an overview of
protection status of plant species.
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Figure 33: Vegetation map of the Biosphere ReserveDanube Delta”

5.3.3 Natura 2000 map data base of Romania (2010)

Reference system STERO 70, Projection Double_ Syempbic/D_Dealul_Piscului_1970 , ellipsoid
Krasovski 1940, Datum D_Dealul_Piscului_1970.

Scale map 1/ 50000 final data base at 1/ 500(p(doess)

5.3.4 High resolution remote sense imagery

Regarding the high resolution remote sense imagjeeyfollowing options should be presented the:

Ortho rectified black and white airborne photogmaplithe Danube Delta (Romanian territory) of
the years 1974, 1984, 1990, 1991, 2006 Referencgteray STERO 70, Projection
Double_Stereographic/D_Dealul_Piscului_1970, alligs  Krasovski 1940,

Datum
D_Dealul_Piscului_1970.

Spot 5, 2,5 m resolution cover whole Romania ( 2B088) Reference system STERO 70

Projection Double_Stereographic/D_Dealul_Piscul@ir@ , ellipsoid Krasovski 1940, Datum
D_Dealul_Piscului_1970.

Danube Green corridor LIDAR maps of lower Danuberiand airborne images in, Reference

system STERO 70, Projection Double_ Stereographiodalul_Piscului_1970, ellipsoid
Krasovski 1940, Datum D_Dealul_Piscului_1970.

Remote sensing techniques for mapping Danube deltdory were used since 1980 for testing the
potential of Landsat images and later on for prtidacof the vegetation map of the Danube delta
(Hanganu J., 1993, 2002). Visual photo interpretatdf black & white air photographs and Landsat
satellite images was the common method and latesupervised classification of the satellite images
combined with airborne videography for calibrati@urtice R. Griffin, 2006). Most recently (Grigoras

Guttler, 2008), the potential of Definiens (eCommi) and ENVI 4.4 software was tested for mapping
wetland and terrestrial vegetation and land featune Danube delta territory. Support Vector Machine
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(SVM) method was used for “pixel by pixel “class#tion and segmentation and classification metood f
object oriented approach. The images processed aegi@ photographs, multi spectral images Landsat
and Spot 5 and hyper spectral images CHRIS/PROBA.

: . . X i
A W Veghtton dnsi B

I cou {lacs, chenaux, canaux) @ | Eou flacs, chenauy, canms] 1-Donmige par be rossau

[ D aflaseau ni coupé i bobd récermment

(=l egitation sieha: rive o shsants 1 - Espaces vilageois ou lodement. ariiciaksas @ b-Fln:?::«[dé'im dt-w: -Iw'ﬂm‘pnr

[ végétation avec activité photosynthétique @ 185 ou coupd [pentermps - &4

[ Roseau ni coupé ni brulé récemment ) 2Vdgitation shche, rare cu abienie C‘ﬁﬁ:\:"'m'ﬂﬂ'm"

I Rioseau birulé (Ain d'hiver - printérmpe} © 3Emoces vights flvdi. plhmages. .|

0 coupé (prlnllemps - été) i aoiccle de Padiea O Imﬂz

[ | Roseau exploité regulierement - type 1 e i : Hwe ii 5 i
ki aves activid otmau coupd i y  tibs peu da tamps

Bl Roseau exploité régulizrement - type 2 ) 2Peu da végHlstion/uigat dion shche (oébut de feplofation hivemal]

I Mélangée (arbustes - roseaux) © 350w @ 2Mélangée (wbustes rozcou)

I Forat @ Fou

Figure 34: Results of the two methods: A - “pixeby pixel’; B - “object oriented” (Gittler, 2008)

Both methods give good classification results ( fipbut the object oriented approach was simglerse,
as the pixel by pixel method requires more effortifnage pre-treatment and algorithms for classiio.

6 Conclusions and Recommendations

The reviewed state-of-the-art in land use modeltiffgrs ample sources of guidance for constructibn
spatially explicit scenarios in the Black Sea Basind also a well accepted approach, the Integrated
assessment of land use systems approach using Iobi€@€ls and scenarios, developed with interaction of
stakeholders.

The first part of this document presented an extensverview of land use modelling methods and
approaches and available modelling tools. Genethbyneeds and ambitions to predict land cover have
raised very high in the last decade, as clearlyatetnated by the increase of European researdatings
including the reviewed FP7 and EEA studies, mosttith aim to provide policy support. These demands
have not been well met by convincing modelling $oehtil now as can be concluded from the reviewed
published literature on land use modelling. Presete-of-the-art in land use modelling allows lfmited
predictive capacity over periods of time spannihpast a couple of decades, especially when cerisml
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the multiple and overlapping functions of landitensively used and cultural landscapes with Idetpty
of land tenure. The lack of spatially explicit thoover maps allowing to detect actual trendses part of
the problem; the changing patterns of future laghands and developments is the other.

Taking into account the above outlined researchiatges in Land use modelling, it is recommendable
integrate different methodologies, modelling teciugis and model inputs for developing the spatially
explicit BSB scenarios. The review of modellingls developed and/or applied in previous projects
reveals also an ample choice of available modediowing the set of criteria for model pre-seleatio
allowed to focus on four ones for detailed overvaavd comparison. LCM and CA_Markov were tested for
certain functionalities on an area defined for niddsting (North Bulgaria). The METRONAMICA and
the CLUE model functionalities were explored udihg tutorial material provided by the owners.

However, final model selection remains an opendsfespite the fact that the four models can gdgera
fulfil the same application, they differ in termé specific features applicability, like level of mplexity
addressed (modelled dimensions), information on ehatkvelopment, optimization of model input
processing, price of purchase and functionalittespecific end-user needs, as policy-impact assess

Regarding the main land cover data input, usingotersensing products is now greatly facilitatectsy
available automated or semi-automated methods &mping geo-referenced land cover with a high spatia
accuracy that in addition can frequently be updaléx updates however are less readily acceptaitihe w
the same precision in geo-location and discrimamattapacity due to the high variation of vegetation
conditions and atmospheric influences on the remsefesing images input for automated classification.
Following a comparative assessment of the lategiajlland-cover maps it was deduced that at present
these products (also reported in the EnviroGRIDSveiable D2.4) are suitable for spatially explicit
accounting of main land cover categories but doatiotv for temporal changes comparison. Therefibre,

is emphasised that there are inherent limitationssing current global land cover datasets, anaitld be
wise to utilise multiple datasets for comparison.

It was recommended in the literature the use ofyflagic and prior knowledge for improved agreement
between the datasets, as well as efforts to ceammposite “best-of” global land cover datasdiiei
includes all existing products, along with othelated datasets, that would be essentially a langrco
probability map. The EEA has been using a methagofor creation of probability maps, called CORILIS
extracted from the CORINE LC and applied for diéietr land analysis purposes. The statistical sowtes
land-cover, mainly FAO, national and European diassEUROSTAT) can be used for analysing land use
change processes in temporal perspective, spathe¢ast five decades. Combining statistical sairce
with records on crops and spatial probability mapsgricultural use may allow for downscaling oftai
cultivations or land uses of interest.

Main categories of thematic data needed for langl medelling as biophysical and climate datasets,
protected areas and transport infrastructure weriewed and first selection of sources are predefiier
optimal use of the available resources, the workéagn proposed a work flow starting with preseotatf

the global picture for the Black-Sea Basin usintadmvering the entire basin and afterwards impeove
calibrate the first output using local and regiodatasets. The overall working flow for spatiallypkcit
land use scenarios development is structured aiocprad the following steps:

1. Overview of land use models and projects

2. Selection of models to build integrated land ssenarios

3. Definition of the main inputs for the selecteddsal

4. Collection and preparation of the data
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5. Calibration and parameterization of the models

6. Results analysis and assessment of land coaagek for the different scenarios in Black SearBasi
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Abbreviations and Acronyms

ASTER Advanced Spaceborne Thermal Emission antk&efn Radiometer
ATEAM Advanced Terrestrial Ecosystem Analysis andddlling
AVHRR Advanced Very High Resolution Radiometer

ANN Artificial Neuronal Network

BSB Black Sea Basin

CAP Common Agricultural Policy

CCM Catchment Characterisation and Modelling

CLUE Conversion of Land Use and its Effects

CLC Corine Land Cover

DEM Digital Elevation Model

DG Directorate General

DPSIR Driver, Pressure, State, Impact and Response
RIVM Dutch National Institute for Public Health atite Environment
ESRI Environmental Systems Research Institute

EPA Environmental Protection Agency

ECRINS European Catchment and Rivers Network System
ECDDA European Common Database on Designated Areas
EEA European Environment Agency

ERM Euro Regional Map

EGM Euro Global Map

EU European Union

FAO Food an Agriculture Organization of the Unitddtions
FoPIA Framework for Participatory Impact Assessment

FP Framework Programme

GISCO Geographic Information System of the Europ@ammission
GHCN Global Historical Climatology Network

GLC2000 Global Land Cover 2000

GLCC Global Land Cover Characterization Data Base
GTAP Global Trade Analysis Project

FOMI Institute of Geodesy, Cartography and Remates8ig
IUNG Institute of Soil Science and Plant Cultivatio
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IAM
IPCC
CIAT
IGBP
IHDP
JRC
LARU
LCM
LEAC
LCCS
LCF
LUCC
MERIS
MEA
MODIS
MCE
NOAA
NDVI
OLAP
OECD
PELCOM
PLUREL
PSS
PRELUDE
RIKS
SGDE
STU
SRES
SIAT
USGS
UNEP
UMD
UNL
WIST

Integrated Assessment Model

Intergovernmental Panel on Climate Change
International Centre for Tropical Agriculture
International Geosphere-Biosphere Programme
International Human Dimensions Programme
Joint Research Centre

Land Analytical and reporting units

Land Change Modeler

Land Cover Accounts

Land Cover Classification System

Land Cover Flow

Land Use Cover Change

MEdium Resolution Imaging Spectrometer
Millennium Ecosystem Assessment

Moderate Resolution Imaging Spectroradiomete
Multi-criteria Evaluation

National Oceanic and Atmospheric Admininstoati
Normalized Difference Vegetation Index

On-line Analytical Processing

Organization for Economic Co-operation and édapment
Pan-European Land Use and Land Cover Mdngor
Peri-Urban Land Use Relationships

Policy Support System

PRospective Envrionmental analysis of Lelséd Development in Europe
Research Institute for Knowledge Systems

Soil Geographical Database of Euroasia

Soil Typological Units

Special Report on Emissions Scenarios
Sustainability Impact Assessment Tool

U.S. Geological Survey

United Nations Environment Programme
University of Maryland
University of Nebraska-Lincoln

Warehouse Inventory Search Tool
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WDPA World Database on Protect Areas
WMO World Meteorological Organization - WMO
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Terminology

The terms and definitions used in this documentaamrding with the terminologies published by EEA
Environmental Terminology and Discovery Service [ES)*2.

Driving Force

Ecosystem

Indicator
Land Cover

Land Use

Model

Parameter

In the EEA indicator system, indiaatdor driving forces describe the social,
demographic and economic developments in sociei®$ the corresponding

changes in life styles, overall levels of consumptiand production patterns.
Primary driving forces are population growth and/elepments in the needs and
activities of individuals. These primary drivingrées provoke changes in the
overall levels of production and consumption. Thytethese changes in production
and consumption, the driving forces exert pressur¢he environment. [definition

source: EEA. 1999. Environmental indicators.: Tygyl and overview. Technical

report No 25.]

A dynamic complex of plant, animal and micro-orgamicommunities and their
non-living environment interacting as a functionalit. [definition source: The
Convention on Biological Diversity.]

Something that provides an indication especiallirefids. (Source: CED)

Land cover corresponds to a (bio)physiescription of the earth's surface. It is
that which overlays or currently covers the grouHis description enables various
biophysical categories to be distinguished - bdlgicareas of vegetation (trees,
bushes, fields, lawns), bare soil, hard surfaceské, buildings) and wet areas and
bodies of water (watercourses, wetlands). [defniti source: European
Commission.]

Land use corresponds to the socio-economic dewerigtunctional dimension) of

areas: areas used for residential, industrial amraercial purposes, for farming or
forestry, for recreational or conservation purposgs. Links with land cover are
possible; it may be possible to infer land use flamd cover and conversely. But
situations are often complicated and the link i$ s evident. Contrary to land
cover, land use is difficult to 'observe'. For ex¢enit is often difficult to decide if

grasslands are used or not for agricultural purpoBéstinctions between land use
and land cover and their definition have impacts the development of

classification systems, data collection and infdiama systems in general.
[definition source: EEA multilingual environmeniglbssary]

1) A representation, usually on a smallerescaf a device, structure, etc. 2) A
guantitative or mathematical representation or agempsimulation which attempts
to describe the characteristics or relationshipptofsical events. (Source: CED /
LEE)

1) A quantity in an equation which must be spedifizeside the independent
variables to obtain the solution for the dependemtables. 2) A quantity which is
constant under a given set of conditions, but may different under other
conditions. (Source: LEE / MGH)

12 EEA Glossary web-page: URL http://glossary.eemareu/terminology/list_html?letter=A
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Scenario A plausible description of how the future may degelbased on a coherent and

internally consistent set of assumptions about fedgtionships and driving forces
(e.g. rate of technology changes, prices). Notedbenarios are neither predictions
nor forecast. [definition source: Intergovernmemahel on Climate Change.]

Demonstration that a model within its domain of laggbility possesses a
satisfactory range of accuracy consistent withitbbended application of the model
(Rykiel, 1996 In Lambin, et al. 2006)

Validation - Spatial Models
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Annex |: Resume of European Projects

PRELUDE ‘ EURURALIS SENSOR - SIAT SCENAR2020 FORESCENE ‘ ATEAM

2 e PRospective Envrionmentgl EURURALIS Wageningen| Sustainability Impact AssessmehtSCENAR 2020 — Scenario StudyFORESCENE Forecasting ATEAM — Advanced Te
f g analysis of Land Usg University and Researcp Tool (EU FP6 Integrated Project,on Agriculture and Rural Worlg Framework and Scenarios to SuppprEcosystem Analysis and Mode
8= Development in Europg¢ Centre (2004) 2004) (EC, 2007) the EU Sustainable Development~P5, 2001)
o @ (European Environment Agency| Strategy (EU FP6 Integrated Projet,
a < 2006)
) The rural demographic patterns;Agriculture; land use; infrastructures; Displays the vulnerability of
Landscape ~ changes  (Urbgnland use  changeg Land use sectors: agriculturp,the agricultural technology; Thi Industry and Economy sectors: agriculture, forestry,
Grassland, Cropland. CroplanjdAgriculture Employment;| forestry, tourism, nature protectio »agricultural markets; The naturgl storage and energy, wa
for Biofuel, Abandoned Land) Self-sufficiency;  Animal| transport and energy infrastructure| -4 <ocial constraints on land use biodiversity.
= disease; Nitrogen emissicn that are likely to exist in 2020
%) and deposition; Soi
%‘ degradation and
S Stalinisation; Biodiversity;
» Carbon sequestratior];
g Biofuel cropland,;
[} Agriculture land; Real farm
= income
. . . 4 SRES scenarios
- Great Escape - Al Global Economy - Low growth - Reference scenarip - Baseline scenarios - AL
- Evolved Society - A2 Continental Markets | - Medium (baseline) - Commitment to change - A2
. . - Regionalisation scenario . - Bl
2 - Clustered Networks - B1 Global Co-operation| - High growth - Muddling through - B2
'% ) ) - Librealisation scenario " )
c - Lettuce Surprise U - B2 Regional - Failing to deliver
= . o Communities
N - Big Crisis
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Stakeholders
participation

°
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=
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=
=
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Horizonte

time

on scenarios

Participation of diversified pane
composed by thirty specialist
involving researchers|
representative groups of interg
and general public with differer
interest and perspectives.

t

Qualitative analysis an

"expert judgment.

st

Was developed a Framework fi
Participatory Impact Assessment
FoPIA (Morris et al. 2008), involve:

national,

regional and locg

stakeholders in assessment of Ig
use policy impacts

rQualitative analysis and expe
“judgment

|
nd

tDG's, stakeholders and experts (inThe stakeholders input help tc

order to integrate knowledge

various environmental problems amdstakeholders

priority policy fields and defin
essentials for integrated sustainabil
scenarios

regonal  adaptive  capacit
include natural
managers, planners and decisi

yboth within the private and publ

20 driving forces grouped int
five categories:

Various drivers are study:

- Demographic

Driving forces are:

Demographic changes within i

Exogenous drivers:

-Economic and Structure

n Demography; Macro-economig - Production Patterns

Crosseutting drivers at the
Scale:

- Environmental Concerns developments Europe growth;  World  Agriculture . - Economy
o _ _ _ o markets; Consumer  (food) - COnsumption pattemns _
- Solidarity & Equity - Changes in welfare - Rate in participation force pref-eliencisl; Quamz' if life an - Demography - population
- Governance & Intervention - iti - social well-being;, Human an o - technolo
Geopolitical Change Growth of world demand animal health concerns; Agr - Institutions gy
- Agriculture Optimisation - Consumer concern - The price of petroleum on the technology; Environmentg - institutions and government
Trends (Impact on agriculture
- Technology & Innovation - Technological progress world market (Imp 9 ) - rural development
- Endogenous drivers: . .
- Global change Research and development 9 - Recreation and tourism
Trade and Agriculture policy| Spatial planni
Environmental policy; - Spatial planning
Enlargement; WTO and othgr - EU enlargement
international agreements
2035 2030 2025 2020 2025 2080
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Europe level:
-Louvain-la Neuve LUC Model
Regional Level:

-Metronamica

Global economic model: A

GTAP/LEITAP
Environmental Model:
— IMAGE

Allocation Model:

- CLUE-s

Macro economic model:
NEMESIS

Sector model:

- Agriculture

CAPRI

- Forestry —
EFISCEN

- Urban - SICK

- Tourism - B&B

- Transport - TIM for
Allocation model:

- Dyna -CLUE

LEITAP
Environmental model:
IMAGE

Sector model:

Allocation model:

- CLUE-s

Global Economic model:

- Agriculture: ESIM and CAPRI

Bayesian Modelling

Sector model:

- Agriculture:  Land use
scenario; SUNDIAL, ROTE
IMAGE (Biofuel demand)

- Forestry: GOTILWA+ and EF

- Carbon Storage:
(biogeochemistry)

- Water: Mac-pdm

- Biodiversity and Nature Cons
Statistical niche modelling

- Mountains RHESsys (mounti
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Annex Il. Template of the key characteristics of la

nd use models

_‘ Which are the key indicators/ primary output valéshcomputed by the model?

EMiodelapproachi]  What kind of techniques use to atlode land use?

Which are the key driving fosgénput data or parameters used by the model?

What spatial coverage / geographical extent doesttbdel operate on and provide output
for? And at what spatial resolution

For what time horizon does theaingeliver results? And for what time steps?

_| A diagram that summarizes the maodel structure

Information on model development

Model
developers/owners

Who as developed the model? And who sponsors vislalement and who owns it?

Target group /users

For which audience has theshtmebn developed? Who has used the model andtjiste?
Has the model been used for policy purposes?

Uncertainty analysis

Is the model suitable forentaking uncertainly analysis (such as Monte Cartuktions,
variants, stress testing for boundary conditions)?

Key reference

What is the key (peer-reviewed) malibn that describes the model?

Information on use

of model

Level of integration

What level of integration ass environmental themes does the model allow edbficks
addressed, e.g. between response options andsfiver

Link
models

to other

Has the model been linked to other models for irstiegl assessment? Examples.

Ease to use interfac

2

Is the model easy to usadiordevelopers? Is the model free to access? Vésaiations
apply? Are the results publicly available? Is thereser manual?

Use in participative
processes

Has the model or a simplified version of the mobekn used in interactive settings or
participative processes. Examples.

Cost
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- Land use maps

- Biophysical and socio-cultural factors: populatieapnomic activity, topography,
rivers and lakes, roads and railways and climatéa dannual temp. and
precipitation).
- Infrastructures (roads)

- Zoning plans

-Land use prediction
- Vulnerability to change for the selected set ofi$iions.

- Country (e.g. Bolivia, Madagascar, Mexico )
- Resolution between : 100m to 1km

- User specified (e.g. Madagascar 30 years)

- Transition model: Multi layergeption or Logistic Regression
- Land change allocation model: Markov Chain

| Land cover change Analysis | > | Land cover Change Prediction
: Transition Potentials
Hard & Soft Prediction
Land Use Planning | | Road Prediction
Corridor Planning b Validation
Set Incentives : - V
fmmmm:mlm lmplicatlons Amlysis
Infrastructure Plannin Habitat Suitabilty
Habitat Assessment
Habtfat mmms:hanga

Information on model development

Model Clark Labs, Clark University, the USA

developers/owners

Target groupl The Land Change Modeler have been applied in relséastitutes, universities and
Jusers government.

Calibration The calibration comes form the land patierns based on historic data.

Validation Based on historic land use maps.

Uncertainty Clark labs have different ways to manage the uai#y including Monte Carlo

analysis analysis, Dempster-Shafer evidence aggregation efroe in GIS and soft

reclassification procedure (PCLASS) that allows émemap the probability of a
location being above or below a threshold (suckeaslevel rise)

Key reference

Clark Labs, 200Band Change Modeler for Ecological Sustainability: [electronic
version: http://www.clarklabs.org/applications/uptiiLand-Change-Modeler-
IDRISI-Focus-Paper.pdf]

Information on use of model

Level of | The level of integration is high. LCM is an intetgra vertical application designed

integration to analyse and predict future land cover changdsfmneffects of land cover change
on biodiversity and planning

Ease to use The LCM provides a simple GUI interface, sequehtiatganized around the major

interface task: land change analysis, Transition Potenti@tgange prediction, Implications
and Planning.

Cost Aproxi. 500 Euro$
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Annex IV: CA_Markov main characteristics

- Land cover maps

- According to the criteria stipulated by the user mitability maps for each
transition: proximity to roads, to water bodiesptected lands, existing land
cover, slope, distance to urban center, etc.

- Land use prediction (Predict any transition amang number of categories)

- For example:

- Sintra and Cascais (Portugal)

- Terrebonne Basin, Louisiana (U.S.A.)

- User specified (e.g. Sintra and Cascais till302

- Transition modeled:

Multi criteria evaluation or Logistic Regression
- Land change allocation:

Cellular Automata and Markov Chain

Information on model development

Model Clark Labs, Clark University, the USA

developers/owners

Calibration CA_Markov is typically calibrated witeference maps form two points in time. TO
and T1.

Validation Is the process of comparing the mode¢sljgtion results for time t2 to a reference
map of time t2.

Target group| The CA_Markov has been applied in research insstand universities.

/users

Uncertainty Clark labs have different ways to manage the uatyt including Monte Carlo

analysis analysis, Dempster-Shafer evidence aggregation efroe in GIS and soft
reclassification procedure (PCLASS) that allows émemap the probability of a
location being above or below a threshold (suckeaslevel rise)

Key reference Pontius, Gil R. and Malanson, Jef®@§5) 'Comparison of the structure and
accuracy of two land change models', Internatiodaiirnal of Geographical
Information Science, 19: 2, 243 — 265

Information on use of model

Level of

integration

Ease to use The CA_Markov provides a GUI interface, that regaiminimum expertise on land

interface use system to set-up the model (suitability mapg&eh transition, Markov transition
matrix and number of Cellular Automata interactjons

Use in

participative

processes

Cost Aproxi. 500 Euro$
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Annex V. CLUE-S model main characteristics

Possible data:

specific crops (sown area and yields)

land cover image

animal husbandry (e.g. number of pigs)
demographic data (rural and urban population)
socio-economic data (e.g. income or GDP)
management data (e.g. irrigated area, croppingxind
geographic data (e.g. distance form city)
Biophysical data (e.g. DEM, Relief, Geology)

Land use change scenarios

- Coverage: Eu:27 (SENSOR, SCENAR2020, EURUALIS)
Resolution:1 km by 1km grid

20 to 40 years

Statistical regression
Cellular automata

Land use requirements

allocation procedure

Spatial policies Land use type specific
and restrictions conversion settings
Matural parks e \\ '(// - Conversion elasticity
Restricted areas
Agricultural development zones Land use transition sequences
CLUE-s
Land use change

Location characteristics

(demand)
Trends | :
" *| Aggregate . Land use o L;G;tc"‘:g
Scenarios land use s , / e p specific BB i
I demand — e location b
Advanced models sultability accessibility
— etc.

Land use type specific settings

CLUE-s allocation procedure

Conversion Comperative
o Allowed
alasticity E strengh | ——
FLAS, nversions ITER, S

l

Calculation of
change

Land use (t) }_,

Grid call specific settings

#

Local i
Spatial
suitability pgp![cies
Pi,u

Is the total
land use area equal
to the demand?

e

>
< + Land use (t+1
< {tand use (e+)

Regional
demand

Information on model development

Target group| The CLUE-s have been applied in research instituteversities and government
/users institutions.

Calibration The calibration comes form the land patterns based on historic data.

Validation Based on historic land use maps.
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Uncertainty
analysis

In some case studies it was applied the Monte Gadthod to assess the impact of
parameter uncertainty of the CLUE-s- model

Key reference

Verburg, P.H., Soepboer, W., LimpjaRa Espaldon, M.V.O., Sharifa, M.A.,
Veldkamp, A. 2002 Modelling the spatial dynamics refional land use: The
CLUE-S model. Environmental Management, 30, 393-40

Information on use of model

Level of

integration

Ease to use Only for the Dyna-CLUE version of the model a usgerface is available and

interface regularly updated. The CLUE or CLUE-s full versiwith technical support is only
available for collaborative projects.

Use in

participative

processes

Cost CLUE is a freewhare software available for usederific studies. Implementation

of the software in commercial software is not akaolv
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Annex VI: METRONAMICA model main characteristics

- Land cover
- Infrastructure
- Biophysical factors
- Demographic data (census data: population andghisstransport network )
- Zonning Plans
and use change scenarios based on alternativeypgtion

Has been applied to a large number of cities, regand countries worldwide

50 years in the future

Cellular automata
Statistical regression

National
Regional

local

LAcce_s:ibi"rty Neighborhood
_— function Land use

o Time LOOp 1o

Random

Perturbation
Term

o L i

Regional land use
Demand at that
“|time step
(Regional
interaction model)

Information on model development

Target group| The METRONAMICA is used by local and regional gaveand research institutes.
lusers
Calibration The calibration procedures is basechistoric data and aims to produce a set of
transition rules that generates a model output thighbest possible goodness or fit
between the simulated map and the actual avaitabfe

Validation The validation process include of theye of coincidence between the two land
use maps using a cell-by-cell comparison methodaasdciated two statistikappa
andfuzzy kappa (fuzzy-k)

Uncertainty The METRONAMICA model applied the Monte Carlo medhio assess the impact

analysis of parameter uncertainty of the model.

Key reference Nijs, T. de, Niet, R. De & Crommejmtul. (2004). Constructing land-use maps of
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the Netherlands in 2030. Journal of Environmentahi&bement, 72, 35-42.

Van Delden, H., Escudero, J.C., Uljee, I., Enge(&n,2005. METRONAMICA: A
dynamic spatial land use model applied to Vitoriasteiz. Virtual Seminar of the
Miles Porject. Centro de Estudios Ambientales, Nit@asteiz

Information on use of model

Level of | The METRONAMICA provides a strong integrative, irgetive and highly dynamic

integration The output form the regional model is used as atitpthe local model.

Link to other| Depending on the exact version, the METRONAMICA drporates several

models simulation models that are coupled using the GEON@Msoftware environment:
a local dynamic land use interaction model, a megionteraction model, transport
model, demographic model and macro-economic modlae GEONAMICA'
modelling framework, provides a generic structuethe models that allows them
to be integrated more easily while enabling complgamic models to be executed
efficiently (Hurkens, et al. 2008)

Use in| The PRELUDE-EEA project for example, used the METNRMICA as a support

participative of policy making. The process involves 25 stakebrddepresenting a broad range

processes of European institutes, governmental and envirorialearganizations, worked
together with expert support teams for the develamnof the stakeholders process,
the European and the Regional quantification ostenarios and modelling.

Ease to us¢ METRONAMCA provides a easy-to-use interface fomales and policy makers.

interface

Cost 24, 900 euros

- Metronamica license
- Three 3-day training sessions
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Annex VII. Hungarian reference data on approved lan d cover for
2000
CLC Approved, 2000
code | name Area, ha %
111 Continuous urban fabric 3493.0 0.0
112 Discontinuous urban fabric 287804.0 31
11 | Urban fabric 291297.0 31
121 | Industrial or commercial units 108926.0 1.2
122 | Road and rail network and associated land 40800 0.5
123 | Port areas 595.0 0.0
124 | Airports 9097.0 0.1
12 | Industrial, commercial and transport units 1630 1.8
13 | Mine, dump and construction sites 20748.0 0.2
14 | Artificial non-agricultural vegetated areas 49D 0.4
1. | Artificial surfaces 515712.0 5.5
21 | Arable land 4499800.0 48.4
22 | Permanent crops 201300.0 2.2
23 | Pastures 713900.0 7.7
24 | Heterogeneous agricultural areas 395589.0 4.3
2. | Agricultural areas 5810589.0 62.5
312 | Coniferous forest 203374.0 2.2
311 | Broad-leaved forest 1452873.0 15.6
313 | Mixed forest 80253.0 0.9
31 | Forests 1736500.0 18.7
321 | Natural grassland 593549.0 6.4
324 | Transitional woodland/shrub 294097.0 3.2
32 | Shrub and/or herbaceous vegetation association 887646.0 9.5
33 | Open spaces with little or no vegetation 9662.0 0.1
3. | Forests and semi-natural areas 2633808.0 28.3
411 | Inland marshes 116183.0 1.2
412 | Peat bogs 11311.0 0.1
4. | Wetlands 127494.0 1.4
511 | Water courses 76738.0 0.8
Fish-pond 32000.0 0.3
Other water-bodies 104768.0 1.1
512 | Water bodies 136768.0 15
5. | Inland waters 213506.0 23
TOTAL 9301109.0 100.0
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Annex VIII. Definition of land cover flows

LCF1 Urban land management:Internal transformation of urban areas

LCF11 Urban development/infilling: Conversion fradiscontinuous urban fabric, green urban areas pod s
and leisure facilities to dense urban fabric, ecoicaareas and infrastructures

LCF12 Recycling of developed urban land: Interrawersions between residential and/or non-residefatind
cover types. Construction of urban greenfieldsoisaonsidered here but as LCF11

LCF13 Development of green urban areas: Extendigmezn urban areas over developed land as welh déise
periphery of cities, over other types of land uses

LCF2 Urban residential sprawl: Land uptake by residential buildings altogethethvédssociated services and
urban infrastructure (classified in CLC111 and 1ft@n norrurban land (extension over sea may happen)

LCF21 Urban dense residential sprawl: Land uptakedmtinuous urban fabric (CLC111) from ramban land
LCF22 Urban diffuse residential sprawl: Land uptalkediscontinuous urban fabric (CLC112) from rorban
land

LCF3 Sprawl of economic sites and infrastructuresiand uptake by new economic sites and infrastrestur
(including sport and leisure facilities) from namban land (extension over sea may happen)

LCF31 Sprawl of industrial and commercial sites:nNaban land uptake by new industrial and commercial
sites

LCF32 Sprawl of transport networks: Namban land uptake by new transport networks (nbte tinear
features narrower than 100 m are not monitored Ib§)C

LCF33 Sprawl of harbours: Development of harbowesr morrurban land and sea

LCF34 Sprawl of airports: Development of airport®ionorrurban land and sea

LCF35 Sprawl of mines and quarrying areas: Nwhan land uptake by mines and quarries
LCF36 Sprawl of dump sites: Nemrban land uptake by waste dump sites

LCF37 Construction: Extension over non-urban lahdreas under construction during the period (noteers
mainly construction of economic sites and infrastinoes)

LCF38 Sprawl of sport and leisure facilities: Corsien from developed as well as non-urban lanchtotsand
leisure facilities

LCF4 Agriculture internal conversions: Conversion between farming types. Rotation betwaserual crops is
not monitored by CLC

LCF41 Extension of set aside fallow land and p&st@onversion from crop land to grassland as aicwgrral
rotation or for cattle husbandry

LCF411 Uniform extension of set aside fallow lantt gpasture: Large parcels conversion from crop kand
grassland

LCF412 Diffuse extension of set aside fallow lanmad gpasture: Conversion from crop land to complex
cultivation patterns (with grassland) and from ndidegriculture to large pasture parcels

LCF42 Internal conversions between annual cropsvexsions between irrigated and non-irrigated adjrice

LCF421 Conversion from arable land to permanengation perimeters: Extension of permanent irrigati
(incl. rice fields) over arable land

LCF422 Other internal conversions of arable landhe® conversions between arable land and irrigated
perimeters, incl. rice fields
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LCF43 Internal conversions between permanent crGpsiversions between vineyards, orchards and/ge oli
groves

LCF431 Conversion from olives groves to vineyardd archards: Conversion from olives groves to vardg
and orchards

LCF432 Conversion from vineyards and orchards ieeajroves: Conversion from vineyards and orchaods
olive groves

LCF433 Other conversions between vineyards andaotsh Other conversions between vineyards and aisha

LCF44 Conversion from permanent crops to arabld:|@onversion from vineyards, orchards and olivevgs
to irrigated and/or non-irrigated arable land

LCF441 Conversion from permanent crops to permaireigation perimeters: Conversion from permanent
crops (incl. when associated with arable land — 240 to permanent (large) irrigation perimeters &od
fields

LCF442 Conversion from vineyards and orchards to-inigated arable land: Conversion from vineyaatsl
orchards to non-irrigated arable land and from @asions of annual and permanent crops to unifaribla land

LCF443 Conversion from olive groves to non-irrighterable land: Conversion from olive groves to non-
irrigated arable land, incl. conversions to asdamria of annual and permanent crops (CLC241) aratagds and
pasture (CLC242)

LCF444 Diffuse conversion from permanent cropsribke land: Conversion from vineyards and orchaods
associations of annual and permanent crops (CLC2dd)of crops and pasture (CLC242: complex cultvat
patterns)

LCF45 Conversion from arable land to permanent £r@pantation of vineyards, orchards and olive gsoun
arable land

LCF451 Conversion from arable land to vineyards amthards: Plantation of vineyards, orchards oblarand
LCF452 Conversion from arable land to olive grov@sntation of olive groves on arable land

LCF453 Diffuse conversion from arable land to pemara crops: Conversion from uniform arable land to
associations of permanent crops and annual crdpSZ€l)

LCF46 Conversion from pasture to arable and permtageops: Conversion from pasture to arable and
permanent crops

LCF461 Conversion from pasture to permanent iritgaperimeters: Conversion of uniform pasture areas
permanent irrigation perimeters

LCF462 Intensive conversion from pasture to nomgdéted arable land and permanent crops: Conversion
uniform pasture areas to non-irrigated annual athpnent crops

LCF463 Diffuse conversion from pasture to arabld parmanent crops: Conversion from complex culivat
patterns including pasture (CLC242) to uniform é&dhnd and permanent crops as well as to assmesatif the
last two (CLC241) and conversion of uniform past(€LC231) to complex cultivation patterns

LCF47 Extension of agro-forestry: Conversion oftigalted land and open pasture to agro-forestryesystsuch
as dehesas and montados (note: conversion fronto2284, where natural vegetation is importanteisorded
under LCF522)

LCF48 Other conversions from agriculture mosaicarable land and permanent crops: This land caass d¢s
used only when changes are detected from a Caairgk dover matrix combing classification of levet? the
initial year and level 3 for the final year. Agrltiwre mosaic classes being grouped in CLC24 onlis not
possible to differentiate the processes accordinpé¢ type of land consumed. It includes in paléicthe sub-
class LCF523, conversions from agriculture-natuosaics to continuous agriculture, not isolatedhia tase

LCF481 Other conversions from agriculture mosaicgdrmanent crops: Used for CLC level 2 x leveh8/olt
includes conversion of agriculture-nature mosaicaraible land (see LCF48)
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LCF482 Other conversions from agriculture mosaicarable land (including conversion of agricultaagure
mosaics to permanent crops). Used for CLC levell@vgl 3 only. It includes conversion of agricutemature
mosaics to arable land (see LCF48)

LCF5 Conversion from forested and natural land to @riculture: Extension of agriculture land use

LCF51 Conversion from forest to agriculture: DeRiegion for agriculture purpose, including agriouvt
conversion of transitional woodland shrub

LCF511 Intensive conversion from forest to agrictdt Deforestation, including agricultural conversiof
transitional woodland shrub, for cultivation of aahand permanent crops (incl. in association, CLJ2

LCF512 Diffuse conversion from forest to agricuiuConversion from uniform forest to complex cudtion
patterns, mosaic agricultural landscape and agesfy. Due to possible uncertainties in monitoraxgension
of pasture vs. recent felling, conversion from ftseto pasture land (CLC231) is recorded here

LCF52 Conversion from semi-natural land to agrietdt Conversion from dry semi-natural land (except
CLC324, grouped with forests) to agriculture

LCF521 Intensive conversion from semi-natural laadagriculture: Conversion from dry semi-naturahda
(except CLC324, grouped with forests) to annuapsrgermanent crops and their association

LCF522 Diffuse conversion from semi-natural land dgriculture: Conversion from dry semi-natural land
(except CLC324, grouped with forests) to pastukraixed agriculture with pasture

LCF523 Conversions from agriculture-nature mosaisontinuous agriculture: Conversion from CLC243,
where natural areas are distinctive feature of l#mel systems to continuous agriculture. This isoasr-
estimation from an agriculture perspective butigified in terms of analysis of ecological potalgiof complex
land systems

LCF53 Conversion from wetlands to agriculture: Gension of wetlands to any type of farmland (CLC2)

LCF54 Conversion from developed areas to agriceit@onversion of urban land to any type of farmland
(CLC2)

LCF6 Withdrawal of farming: Farmland abandonment and other conversions froncudigre activity in
favour of forests or natural land

LCF61 Withdrawal of farming with woodland creatioRorest and woodland creation (incl. transitional
woodland shrub) from all CLC agriculture types. hditawal of farming with woodland creation is a lwea
concept than farmland abandonment with woodlandticne, which results more from decline of agrictdtthan
afforestation programmes. Additional informationriscessary to identify an abandonment process (@ype
agriculture, landscape type, socio-economic siedist)

LCF62 Withdrawal of farming without significant wdland creation: Farmland abandonment in favour of
natural or semi-natural landscape (except foresistiansitional woodland shrub), as long as theyaapossible
transition. Some odd cases are provisionally resbab

LCF99 Other changes and unknown

LCF7 Forests creation and managementCreation of forests and management of the forestdey by felling
and replanting. Due to the CLC cycle of 10 yeardy @ne part of the shrubs are tall enough to leatified as
trees. In order to taking stock of all recent pddioins, conversions of semi-natural land to CLC3Z2é4
conventionally recorded as afforestation (althoggime natural colonisation may take place). In tagecof
conversion from farmland, see LCF61

LCF71 Conversion from transitional woodland to &iréConversion from transitional woodland to bresmdied,
coniferous or mixed forest, taking place when shredin be detected as trees

LCF72 Forest creation, afforestation: Forest coeatand afforestation take place on all previousbn-n
agricultural landscapes where new forests can dtifted. Extension of transitional woodland shiauker non-
agricultural land is recorded as afforestation. ¥&wsion from transitional woodland to broadleaveshiferous
or mixed forest are not a creation of forest teryitand are therefore registered separately (LCF71)
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LCF73 Forests internal conversions: Conversionsvéen broadleaved, coniferous and/or mixed forest
(CLC311, 312 and 313)

LCF74 Recent felling and transition: Conversionnfrdroadleaved, coniferous and/or mixed forest tenop
semi-natural and natural dry land resulting mokelli from felling. The main transition is towardd C324
Transitional woodland shrub, although some othgresy can be detected. Due to uncertainties, all are
provisionally considered as transitional statefoodsts

LCF8 Water bodies creation and managementCreation of dams and reservoirs and possible coesegs of
the management of the water resource on the wattarce area

LCF81 Water bodies creation: Extension of watefam@s resulting from the creation of dams and veser

LCF82 Water bodies management: Consequences ofidhagement of the water resource on the watercgurfa
area of reservoirs

LCF9 Changes of land cover due to natural and mulfile causes:Changes in land cover resulting from
natural phenomena with or without any

human influence
LCF91 Semi-natural creation and rotation: Changastural and semi-natural land cover due to nbfactors

LCF911 Semi-natural creation: Natural colonisatmnland previously used by human activities. Ndtatt
extension of CLC324 is considered as

the result of farmland abandonment or direct afftaon

LCF912 Semi-natural rotation: Rotation between ding semi-natural and natural land cover types ofCCL
(except forest and transitional woodland shrub)

LCF913 Extension of water courses: Results fromunadterosion and artificial works. Due to the very
incomplete detection of rivers with CLC, the LCFHl8v item has to be used very carefully

LCF92 Forests and shrubs fires: Due to the shateocyf recovery of vegetation from fire, burnt a€avhich
are well identified on satellite images) cannotdeenpared in a ten-year interval, except for vergragated
statistics

LCF93 Coastal erosion: Conversion of all land cdypes to intertidal flats, estuaries or sea arehncThe tide
level when the satellite image is shot being unkmafithe photointerpretors, the coastal erosiow ff@s to be
used very carefully

LCF94 Decrease in permanent snow and glaciers cBemrease of permanent snow and glaciers duénate
change to semi-natural and natural land coversilgngo bare rock, sparsely vegetated areas and wygséems

LCF99 Other changes and unknown: In this categm@yecorded land cover changes that are rare o likety
improbable
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Annex IX. Reclassified CORINE LC nomenclature for L CM testing
New class CLC
CLC label code code
1 | Continuous urban fabric 1 Residential 111
2 | Discontinuous urban fabric 1 112
3 | Industrial or commercial units 2 Industry 121
4 | Road and rail networks and associated land 122
5| Port areas 2 123
6 | Airports 2 124
7 | Mineral extraction sites 2 131
8 | Dump sites 2 132
9 | Construction sites 2 133
10| Green urban areas 3 Recreation 141
11| Port and leisure facilities 3 142
12| Non-irrigated arable land 4 Homogenius Agriculture 211
13| Permanently irrigated land 6 Intensive agriculture 212
14| Rice fields 6 213
15| Vineyards 4 Homogenius Agriculture 221
16| Fruit trees and berry plantations 4 222
17| Olive groves 4 223
18| Pastures 5 Grassland 231
19| Annual crops associated with permanent crops Heterogenious agriculture 241
20| Complex cultivation patterns 7 242
Land principally occupied by agric, with natufal
21| vegetation 7 243
22 | Agro-forestry areas 7 244
23| Broad-leaved forest 9 Broadleaved/mixed forest 311
24| Coniferous forest 8 Coniferous/young forest 312
25| Mixed forest 9 Broadleaved/mixed forest 313
26 | Natural grasslands 5 Grassland 321
27 | Moors and heathland 5 322
28| Sclerophyllous vegetation 5 323
29| Transitional woodland-shrub 8 Coniferous/young forest 324
30| Beaches, dunes, sands 10 Bared land 331
31| Bare rocks 10 332
32| Sparsely vegetated areas 10 333
33| Burnt areas 10 334
34| Glaciers and perpetual snow 10 335
35/ Inland marshes 11 Wetland 411
36 | Peat bogs 11 412
37| Salt marshes 11 421
38| Salines 2 Industry 422
39| Intertidal flats 11 Wetland 423
40 | Water courses 12 Water 511
41| Water bodies 12 512
42| Coastal lagoons 12 521
43| Estuaries 12 522
44| Sea and Ocean 12 523
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