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Abstract

The integrated meta-modelling approach SIAT is the central ptrodi the project
SENSOR (6th EU Framework Program), which innovates ex-ante irapsessments (I1A) of
European policy instruments. Analytical focus of this article is toaope with the problem
of system complexity regarding consistency and reliability of@ge outcomes. Thus, the it-
erative process of validating the meta-model SIAT is destriberespect of undertaken
measures.

SIAT enables end users to assess regional effects of landiegant EU-policy strategies
and evaluate the impacts against sustainability criteria. $d&lises analytically on cross-
sectoral trade offs of the six sectors agriculture, forestrgrgy, transport, nature conversa-
tion and tourism. Policy effects of multifunctional land use arasmesd by sustainability in-
dicators. Risk assessments are conducted by defining sustainebdedel limits that deter-
mine the allowable range of sustainable developments.

The model design of SIAT is composed of mathematical response gisptatiich are de-
rived by quantitative modelling techniques solving iteratively linkeshgonents of a model
framework. Complementary knowledge rules assure indicator cabridabeyond modelling
capacities in the form of qualitatively described responses @asiate trees. All integrated
methods need consistency checks across different scales frota Btillevel and among in-
dicator aggregations.

This article concludes that the complex meta-model system 8é&@s a set of individu-
ally applied measures to be able to assure reliable policyrexeasults. Potential inconsis-
tencies can be minimised by calibrating and validating used simgtkels as well as the in-
teracting model framework, but complementary ex-post evaluation amfelmresults at
disaggregated level of sensitive regions with stakeholder involMsneeadditionally an inal-
ienable procedure.

Keywords. SENSOR, Policy Decision Support System; Meta-Modelling; Sustdityalon-
pact Assessment; Validation
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1 Introduction

The European Union funded Integrated Project SENSOR develops eRuaiaieability [m-
pact Assessment Tools (SIAT) to support decision making on policies related to multifunc-
tional land use in European regions (Helming et al. 2006).

SIAT supports identifying possible economic, environmental and sdt@at of policy op-
tions and its consequences with respect to sustainable developmentabefaharing its im-
plementation The Integrated Impact Assessment process (EC, 2005) is thosgteaimline,
substitute and integrate all existing single sector assessnraitiding sustainability impact
issues. SENSOR integrates three key assessment st(@éamBsropean-wide, indicator-based
driving force and impact analysis of land use policy scenariogedn specific problem,
risk and threshold assessment making use of spatial refegestems and participatory proc-
esses; and (3) case study based, exemplary sensitive area studies ims)asiatads, coastal
zones, post-industrialised areas using detailed information on spegstainability issues
(Helming et al. 2006). Key concept is the multifunctionality, whicregarded as a basic ap-
proach for implementing sustainable development in the field of uaed(Wiggering et al.
2003).

In this regard, a module structure within SENSOR ensures the dewlbpfma set of meth-
odological components to be integrated into SIAT:

= European land use scenarios and impact assessment: The European scale analysis of fu-
ture scenarios for general socio-economic trends and specific largblisies illustrates
possible land use changes, of which the impact on sustainabiligsiss analysed with
indicator based methods. Methods to analyse the performancerehoef@nd policy sce-
narios on land use change and their outcome on sustainability issuesdpe&n regions
have been developed and tested. The results are provided as protoauisgfation of
methods into the SIAT.

» Regional sustainability problems, risks and thresholds. Regional dimensions of sustain-
ability are assessed through indicator-based impact assesdipatdseloping and mak-
ing use of a Spatial Regional Reference Framework (SRRIE)frAmework provides re-
gion-specific information on rurality, urban structure, socio-econopriafiles and
landscape character information for each of the EU’s adminigratiits (475 so-called
NUTS-X regions, a spatially homogenised combination of NUTS 2 ardi8ns) and for
30 relatively homogenous clusters of these regions.

» Integrated data management: Spatial data availability in Europe is fragmented; gaps and a
general lack of harmonisation between data sets at diffgeegraphical scales still exist.

I Model analyses with SIAT respond directly to thesfions manifested in the Commissions Communication
Impact Assessment (EC, 2002) which introduced terrial process of impact assessment for majorypplic-
posals in all policy areas.
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An overall frame for the data infrastructure including web-bas¢éalague services have
been developed for better data handling among partners (e.gefésmmced data sets). A
GIS based Data Management System has been developed that isesbofpsthe meta-
data reporting system, b) the search and discovery systemr{glearse mechanism) and
C) a data warehouse.

»  Sensitive regions and case study-regions: A European survey will provide the geographic
identification and an overview on environmental, economic and social issgessitive
regions. In addition, a set of case study areas were selaaveder to test SIAT through
stakeholder involvement for valuating determined impacts. Senségrens are catego-
rised in (a) post-industrial zones, (b) mountainous areas, (c) iskriél) coastal zones.
Information from sensitive regions and case study areas iglentiimon and specific key
problems of sustainability.

» Participatory Processes and Institutional Analysis. Sustainability issues and the institu-
tional role are analysed to make recommendations for SIAT rdesidditionally the
SIAT prototype will be tested in real world contexts. Herecisty' is fully integrated
into the science of assessment of the sustainability of multifurat landscapes. The
main task is to supply social science expertise includingktdéter analysis, institutional
analysis, deliberative processes and quantitative and qualitative sseiatah.

The above mentioned activities are integral components of the moetal SIAT, which
overcomes a purely quantitative impact assessment tools atojneegonomic level, while it
is simultaneously extended by environmental and social issuesjoh ga@ existed between
macro-economic and equilibrium models of the land use sectors on thamheand mecha-
nistic (“systems”) modelling of ecological and social proesssn the other hand (Tamborra
2002). Thus, SIAT tries to close this research gap with combiningehtfendicator methods
towards a meta-model approach.

On this basis chapter 2 introduces SIAT related to the problendér to answer the research
question of how to cope with the system complexity of SIAT reggrdamsistency and reli-
ability of scenario outcomes. Following, chapter 2.1 describes thgndand functionality of
the SIAT system and chapter 2.2 explains the internal levelschogistency of SIAT has
been achieved by means of validation processes. Chapter 3 concludes on main findings.
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2 Sustainability I mpact Assessment Tools (SIAT)

SIAT aims at supporting ex-ante sustainability impact assedgstae/ards an integrated per-
spective of a comprehensive analysis of cross-sectoral effigotdicies related to multifunc-

tional land use in European regions (Sieber et al. 2006 and Veltvaij2006). To achieve

this, SIAT should meet the requirements desired by end users Eutbpean Commission

(EC) and fulfil at the same time current research standaardsccuracy. Thus, both, internal
processes within the research group and external processes wibntheector organisation

(EC) influence the model design.

Current operational tools are compared to SIAT mostly restrictgatecise, quantitative
sector information on aspects of economic, social or environmental tsnihat are mainly
designed for ex-post analysis (Bartolomeo et al. 2004). They afesgeintegrated and com-
prehensive questions (Tamborra 2002). Integrated ex-ante impactnesssiessols are cur-
rently strongly requested since also institutional integratidies place among involved de-
partments. This increases at the same time the system gdypded thus validation and
testing plausibility gain importance. The question comes up, whetirety model-driven
calculations suffice to produce “sector-limited” results, what lahdnethodological exten-
sions are needed to meet the needs of integrated IA and how doesdftisn what kind of
measures to provide a sufficient level of reliability on produced results?

The SIAT integrates in simplifying words ‘mathematical fuoes’ as model results of ap-
plied system components (macro-economic and sector models). This peosglures inter-
related consistency between linked models, of which only aggregatets i&s defined solu-
tion spaces in the form of response protocols (and not the entirel fmachework) are
integrated into the meta-model SIAT. Hence, first the iterggreeedure of linking models to
a model framework and secondly aggregating these results popntial deviances com-
pared to standard-estimations of state-of-the-art sector madstsut not least non-standard
solution finding with complementary techniques (e.g. rules of thundseases the uncer-
tainty on reliability.

In order to achieve this under the condition of assuring reliablssameats, the meta-model
approach SIAT has been developed. Aggregating diverse types of apgliedds of meta-
modelling and complex-controllable responses of linked system compadnergases the
system uncertainty for accuracy and reliability on resétsnajor challenge of the current
project phase is ensuring a commonly accepted::l@feteliability of the complex meta-

2 Ex-ante sustainability impact assessment is aigatbky process to be conducted when new policpgsals

are under policy discussion and a major requisiteatds the fulfilment of the European Sustainabéyddop-
ment Strategy (EC 2001, EC 2005). The European Ussiwn presented an Impact Assessment process (IA)
that consists of 6 steps in the European IA GuigsliEC 2005). Within this IA procedure the develbjBus-
tainability Impact Assessment Tool (SIAT) covemspstt and 5: the analysis of policy options, thesssient of

the divergence to defined objectives and the coispaiof policy options.

3 A ,commonly accepted level of reliable results“dsfined as a broad acceptance by an expert parkéo
SENSOR-research group and result finally in a Baig response of major end user groups.
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modelling. Taking the above considerations into account, the followingeshaxlains first
the model design and functionality of SIAT and subsequent discusdespiterc2.2 the needs
and processes for system validity and plausibility of the meta-model system

2.1 Model definition, design and functionality

SIAT enables simulating policy instruments that affect landagsess the six sectors agricul-
ture, forestry, energy, transport, nature conservation and tourigrwides cross-sectoral
trade-off analysis for long-term land use changes at a rdgieddevel of the EU 27 plus as-
sociated accession countries. The ex-ante impact assessnte@IAit aims at simulating
EU-policy proposals mostly summarised in green and white papdte dEC. The set of
simulated policies ranges from non-monetary (e.g. the EU settoie) to monetary instru-
ments such as taxes and subsidies at a fairly aggregatedsdwenhdles of single instruments
(e.g. subsidies to promote renewable energies). The eHeetprojected in administrative
NUTSX-regions that stand for a harmonised schematisation betMid&® 2 and NUTS 3.
Each scenario is solved by comparative-static analysis, vafideence scenario results (based
on assumed global economic, demographic and policy trends) and policgtsmairesults
of the same target year 2025 are contrasted by a set of 45 multifunctional isdicator

SIAT conducts quick-scan analysis and operates at three mairticaldigvels. At a first
level the (a) multi-functionality approachssesses the impacts of the cross-sectoral effects of
introduced policy variables. At a second level the (b) sustaityabjproach compares indi-
cator results with introduced critical limits as thresholdd targets. The thresholds are de-
fined as science-based tolerance limits, whereas the tangetonsidered as policy-driven
objectives. Both are computed for clustered problem regions thedttrdie same biophysical
and socio-economic profile with a similar multi-criteria pl@fi The third level (3) re-
aggregates sets of single indicators that are categodseddang to regional sustainability is-
sues to spatially explicit land use functions (Luf). Luf cover ¢hgironmental dimension
(abiotic and biotic resources including soil, water, air, biodiwgrssocietal dimension (so-
cial welfare, gender equity and migration, cultural heritagegation, aesthetic issues) and
the economic dimension (employment, growth). The LUFs indicate the pdovetgon-
explicit level of ‘goods and services’ (Helming 2007).

The SIAT follows two main modelling-related principles: transpay and back tracing.
Transparency means that all calculation steps are explain@gtbgheets on indicator calcu-
lations and underlying assumptions with encompassed reliabilitynaton. With back trac-
ing actual computations of impacts can be backward analysedirtaltivers to understand
explaining factors’ contributions of the region-explicit impactduding information on the

* The theoretical concept of multi-functionality Hasen developed as one key approach to implemetgiisus
able development in the area of agriculture and lage (Cairol et al. 2005). In this regard multdtional land
use is intended to integrate social, economic,eamndronmental effects simultaneously and interadyiwithin
the set of all observed land use actions. Baseti@multi-functionality concept, SENSOR aims atthgsising
assessment approaches for all three sustainadiititgnsions with quantitative tools where possible.
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uncertainty bounds. Hence, transparency of knowledge is guarantdéy dffering all im-
plicit knowledge and (2) explicit back tracing of the knowledge used during atdod.

Policy cases represent thematic areas and they consiss of specific policy instruments.
The intensities of introduced policies are to be translated isfpective sectoral land use
changes related to subsequent sustainability impacts. Impacex@essed in social, eco-
nomic and environmental indicators. Thus, the dual approach of SIAB$&3¥ses the func-
tional correlations between the introduced policy variable (poligyorese functions) with in-
termediate variables (e.g. land use change). This correlattamisated in a second step (2)
by estimating the functional relation between intermediat@abks and indicator values (in-
dicator functions). Each indicator function describes the regioneexpkhaviour between
the shift of intermediate variables (e.g. land use change, numbmeinil a&tc.) and the corre-
sponding response of the indicator variable (see fig. 1).

For each policy case a separate set of six response functions (each tepressector) for
each of the 473 regions is derived by the specifically develomettiniramework. One re-
sponse function describes thus the behaviour between the intensity afyainqsitument re-
lated to corresponding land use change (or intermediate variabl@)e sector in one of the
473 NUTSX regions. Each function descritak possible correlations between policies to
land use claims in a continuous way (see fig. 1 upper diagramppftied assessment pro-
cedure varies the intensity of the simulated policy until sefficeets of correlations between
policy levels and respective sectoral land claims are availélaving shifted the policy in-
tensity by applying this procedure, at least five point estonatshould be available. A set of
five point estimatiorsssuffice to assess by means of econometric methods one mata¢mat
response function.

In order to assess the above described response functions, the mddetiegork inter-
acts among linked components as follows: First, macro economicallmgdg carried out
by NEMISIS (Kouvaritakis 2004) in sectoral division for respectadeninistrative regions.
NEMESIS safeguards the statistic accounting frame and tdkceeeded sectoral demand-
driven land by means of specific allocation algorithms. Based on the 1@@mnomic agricul-
tural and timbered land claim, the sectoral models CAPRIzZtital. 2003) and (partly)
EFISCEN (Lindner et al. 2002) determine intra-sectoral inteioels and feedbacks land
prices and physical land claims to the macroeconomic sectdr Téues, feedback loops be-
tween the macro- and sectoral models assure model-specifidggmb on prices between
macro-economic sector output as land allocation and internal saotbuse claims. The con-
solidation of the model framework is reflected in equilibrium iead physical supply-
demand equilibrium for goods and services related to land allocationddn to assess land
use related impacts these administrative modelling resultisaggregated to grid level (1x1
km) using the CLUE model (Kok et al. 2000). Consequently, land use modslidane on

5 The point estimations are symbolised by grey point along the assessed function of the upper diagram
(see fig. 1).
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this grid based schematisation. Finally these grid based reseltggregated to the adminis-
trative regions of impact projections.

Interim
results
(land use)

Indicator Policy variable
value

2 Indicator 1

%2

.

1\

>

Interim result
Fig. 2.1-1. Dual approach of policy and indicator functionSIAT

The advantage of this meta-model concept lies in a short resfpmesd hus — and due to
the continuity of solutions by the given response protocols — SIATbear-used continu-
ously in wide range of iteratively applied scenarios; individuatlyn group decision rooms.
Current estimations calculate a response time of less thatb@dseper simulation. To link
different model components within SIAT the Open Modeling Interfamedstrd (OpenMl) is
used (Gijsbers et al. 2002). The use of this standard incream@sneff and minimises the
risk of system development (Wal et al. 2003). At the same tiraesures compatibility by
wrapping different calculation methods with standardised software of linkablgoc@mts.

Not all considered indicators are covered by the quantitative nmaglalhd need therefore
alternative calculation methods. They can be described as quemtdatqualitative knowl-
edge rules (rules of thumb). Quantitatively and qualitatively destrrelations use rules of
thumb similar as decision trees in dependence of fuzzy teghmiques. These rules are gen-
eralisations of complex processes applicable in specific circumst@eeeBg. 1).
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Standard SIAT interface and fact sheets

The standard SIAT design of the first prototype divides the ngenface into four differently
sized rectangles, which is continuously stable while navigatingdhrearious linked layers
(see fig. 2). The major objective of prototyping is the commuoicaif possible designs in-
cluding underlined concepts of specifically developed procedures of solving paarss.

=
= Sustainability Impact Assessment Tool
® A Decision Support System for EU policies

80 %

4

<

v

20 % 80 %
Fig. 2.1-2. : General design of SIAT

Specific fact sheets consist of (1) opening pages of each catbgbisummarise the specific
topic and serve as an introduction, (2) sub-categories as summarng thpbremanate from
different sources as deliverable reports, existent other regomitsnodules’ contributions, (3)
fact sheets on specific qualitative indicators giving region-exphformation on the result,
knowledge rule and inter-linkage on causal chains and (4) summahsirggsumptions for
definition the reference and policy scenarios.

mmmmmmmmmmmmmm

Fig. 2.1-3. 4 fact sheet categories - t.I. area-wide, t.rbeujnlnéwaiwgf‘ltuhew fram'éw; b.r. tracing
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Applying Policy Simulations

The SIAT lays emphasis on simulating future scenarios. Asaifeept of solving policy sce-
narios is the core of the meta-model, the step-piseedure was essential part of the first
prototype. According to current results, a complete scenario cegs(ive steps: defining the
(1) reference scenario, (2) policy settings and analysingn{&at indicators, (4) sustainabil-
ity risk and (5) land use functions.

The first step (1) defines the macroeconomic reference rscdnacompare results of dif-
ferent policy simulations. The results of these reference sosraxe projected to the target
year 2025 to be able to identify the impact of the policy scemasults. The three reference
scenarios business as usual, high-growth and low-growth assumeepasdinegative antici-
pated trend-estimations of the incorporated land use drivers,iod, flR&D-expenditures,
technological developments, demographic changes and global economgesh&tep num-
ber (2) is the definition of policy measures expressed by patityngs within each thematic
policy case. The user can define the intensity of policy sinomstwithin pre-cooked sets of
given ranges. Step number (3) illustrates the impacts of toelitted policy variable that is
presented in interactive maps, tables and graphs. Photorealisticsaisoia underlines the re-
sult expressions. Step number four (4) conducts the risk assessnugranifying the devia-
tion of impacts and region-specific critical limits. (5) Stepmber five aggregates single indi-
cators through specifically developed scoring systems toviams Use Functions (Luf) that
indicate the level of goods and services at regional level (Hglet al. 2007). By simulating
iteratively sets of shifted policy intensities, multiple ssoéps can be compared among each
other through amoeba type diagrams. In all nine LUFs as spéwiicator aggregation are
part of the scenario analysis ‘Provision of work’, ‘Human health aoceagion’, ‘Cultural
landscape identity’, ‘Residential and non-land based industries andesérvLand based
production and Infrastructure’, ‘Provision of abiotic resources’, ‘Suppuadt @ovision of
habitat’ and ‘Maintenance of ecosystem processes’ (Helming et al. 2007).

Demand-oriented design

The further development of SIAT depends on end user requiremerdtivééenvolvement
of potential end users of SIAT during the development process of is a keytestpussiccess.
Potential end users are involved during the development of SIATdgihrewolutionary proto-
typing (McConell 1996). Permanent and iterative end user involvemdhaskare a broader
acceptance of the SIAT approach. In this regard three potergragusips have been identi-
fied: (1) The end user at the level of the EC that is at tme $Bne key contractor. The user
group at this level are the desk officers accompanying deasaking processes. (2) The
joint research institutes of the EU (e.g. JRC) provide decisidemavith direct information
on model analysis. (3) The numerous consultancies that are importarttgpaieents for ac-
complishing Impact Assessments.
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2.2 System validity and plausibility

As explained, the innovative concept of the Sustainability Impactsassmt Tool SIAT is
the integrating character of a wide scope of gathered knowlattgene meta-modelling ap-
plication. This efforts internal integration processes to be comzlésed and steered in an ef-
ficient way. The knowledge to be integrated differs in its charstics and reliability, which
requires different techniques of knowledge integration.

Processing of precise quantitative data is always prefefalien many research fields spe-
cific indicators and thresholds are still not unconvertible to cergimntitative assessments.
Therefore, SIAT uses a three-stage concept that allows arebemsive integration: The (1)
integration of large-sized quantitative data across European redponed from the model
framework (see p. 5 onwards), (2) complementary integration of knowleylgeles and
causal chains between indicators, (3) applying up- and downsaoaditigpds for aggregation
of indicators to keep the internal consistency at multi-scale level.

SIAT is generally regarded as an abstraction of phenometee o€al world, while a meta-
model is a further abstraction that is highlighting propertieshef model itself (Pidcock
2003). Since SIAT combines different individually developed model compoaadtexpert
knowledge, validity and plausibility are major challenges to ilédstcomplex correlations
that are not comprehensible by heuristic expert judgement without modelling.

In order to achieve overall consistency of such a complex modeinsyconsisting, a wide
range of processes for calibration, validation and plausibiiscks are applied at various
levels throughout the duration of system development. The term ‘ogeraistency’ can be
interpreted as a process chain of measures to obtain reliables @spolicy simulations as
consistent behavioural response based on made assumptions. In the folle@voigin of
processes for system consistency are described:
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Fig. 2.2-4. Process chain of continuous advancement of systeisistency within SIAT

Figure 4 illustrates the different levels in terms of dapsolidating model components for
SIAT integration to be able to run policy simulations and (b) prooggbie validation chain
towards testing the reliability and plausibility of resultstHis regard figure 4 illustrates the
process of the applied validation chain that is described in the following main steps:

Step 1: Each model that is used within the model framework wesoged in long-
term perspective and thus consists of consolidated data bases. Dedatct that sin-
gle models had to been adapted specifically for SENSOR, catibratethods have
been applied newly for each used model. Resulting, at the levelghké siectoral and
macroeconomic models, consistent data bases and calibratechaigooih optimisa-

tion are available.

Step 1: Linking these models within the framework implies ensurwegall optimisa-

tion towards consistent results across macro-economic and séevetaSince equi-

librium land prices related to physical land use claims ahgeaed among macro-
economic and sectoral models, the model-model optimise macro-ecaugppiy and

demand towards sectoral land use allocation (see quantitative optimisatia). bel

Step 2: If indicators are not derivable from the model framewal&s rof thumb as
decision trees are developed separately. This effort knowledge tolbe imple-
mented into SIAT that internally has to be consistent in ternanifsibility and to
statistical data. Each knowledge rule has to be validatdua tquantitative outcome of
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the model-framework in terms of multi-scale consistency dsaseelative indicator
scoring (see qualitative assessment validity).

= Step 3: The integration of quantitative and qualitative methods e#fpplying aggre-
gation methods on up- and downscaling as well as internal technical tdmhtpa
which is to be supported by the OpenMI software. OpenMI allowerehandling of
adjusting and setting input-output relations between linkable componighits SIAT
(see overall multi-scale consistency).

= Step 4: Having applied the SIAT model, checks on plausibility and contiragbus
justments of the development team takes place. This validation gtrasms all indi-
cator outcomes towards internal consistency of the applied indicathrods and
checks the results comparatively among indicators on reliability and playsib

» Step 5: Different expert teams within SENSOR judge thabwily and plausibility in
terms of specific site conditions as well as randomly sedetest regions. Latter con-
trasts the SIAT results by applying heuristic statisteoealysis, whereas sensitive re-
gions take into account specific site conditions to query plausimlitetail with in-
depth analysis on local characteristics. Overlapping case stgtyns involve local
stakeholder to acknowledge the relevance of provided local land useesemsi well
as predicted regional results (see specific regional plausibility).

» This above described process is interactively conducted. Subsequepistionant 1
and 2 feedback loops correct either the implemented knowledge rule cdtordi or
approximate the model framework towards plausible results. Thigsstraent proc-
esses is posed as overall iterative loop until the optimisechimgtbetween outcomes
of the system complexity (SIAT), externally involved stakehol@i internally par-
ticipating expert groups is reached by means of appropriate sets of-pelpbsses.

Since most important components are quantitative modelling, qualitatoxgledge rules on
indicators and validation though stakeholder involvements at region$l leese aspects are
described in the following chapters in detail.

Quantitative optimisation

At this phase of internal integration of sets of models withimibeel framework, quantita-
tive information is regarded as the systematic scientific tigaggon and forecast of land use
policy related quantitative properties and phenomena and their ref@pioria macroeco-
nomic and sectoral models. Mathematical models, theories and hgpethertaining to land-
use related phenomena are to be further developed and employed itooirdegrate this
quantitative knowledge. The process of measurement, i.e. achieving owtpumherical re-
sponse protocols, provides fundamental connections between empirical obssyvate-
casts and the mathematical expression of quantitative relationstepse, quantitative re-
sponse functions have been directly derived from the model frameworkstoogsof
macroeconomic and sectoral models. The procedure of linking mode congponentns of
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optimising and validating response functions is explained in the follpysee also explana-
tions of figure 1).

The SIAT model framework is composed of a series of models atitggan a consistent
way. The macroeconomic model NEMESIS (Kouvaritakis u. Zachar2gfld) translates the
five drivers population growth, demographic structure, labour force ipatien, world de-
mand, energy prices as well as the expenditures on researchvalapdent into certain sce-
narios for macro-economic variables across the six land ugserseSupplied by the
NEMESIS results on Gross Domestic Product and regional projeatiolad prices and
physical land at sector level, the land-use model CLUE-S (Verou@yermars 2007) simu-
lates changes in land use for 1 km2 grid cells covering Europe.oBtite models communi-
cate sequentially with five models concerning the different ipyisectors, namely CAPRI
(Wieck et al. 2003) for the agricultural sector, EFISCEN (Lindnex. 2002) for the forestry
sector, TIM for transport and infrastructure, B&B for the tourigtiar and SICK for the ur-
ban sector. A set of variables stemming from sector modgjs@APRI), feed their results
back to NEMESIS and iterate until convergences on prices and ghigmid units are ob-
tained. All these simulation models allude to an entirely defsataf model results for each
of the pre-defined policies under each baseline assumption. Togetlser,ntloelel outputs
form an implicit function, which outlines the cross-sectoral response to polingeha

In general mathematical terms the needed functions can be segbiasa simple correla-
tion betweenA that is the space of possible policies and baseline scerBuiedined as the
space of possible model results @atonsidered as the space of possible indicator results
(Jansson 2006). Because each model results are unique for eachmibli®saline scenario,
the model framework implicitly defines a functibfrom A to B. Furthermore, each indicator
consists of a rule or equation that is a functipfiom A andB to C, with subscript indexing
the individual indicators. Those assumptions result in

ffA- Bandg:AxB - C (1)

with f ss the implicit function jointly defined by the simulation modsislg = (91, 92, ...
0, -.- 9n), Where n is the dimension of C (the number of indicators) isccdie vector oin-
dicator functions. The model user requires the indicator results as a function ofpainich
can be computed &s= gof. The symbol ¢ is the composition operator, so that for some pol-
icy X in A, the result ofy(x,f(x)) is preferred. Intermediate resultsBfre only important on
land use change, so generally SIAT is looking:& — C).

The implicit functionf is complicated to assess, because it reflects the joint loeinafiall
used models. Some indicator functions are sophisticated to calcutaey depend on land
use grids. The correlation can be qualitatively categorical antigai@/ely continuous. They
can be simple arithmetic operations on a few model variablesarethk functions pointing to
a category or ordinal result. Due to the complexity of the fund¢tj@®IAT approximate$ =
gof with some functiong). Letting “=” mean “is an approximation to”, the following two ap-
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proximations are considered: eithgr @= gof , meaning that the whole composite function is
approximated, or7 = gegwith g=1, i.e. only the implicit function f is approximated. The vec-
tor of functionsgis called “response functions”. This means each indicator carotelled
either by a direct link between the policy variable and indrcadriable, or in two steps using
model results like land use change as an intermediary.

For SIAT both linkages are allowed and used to compute indicatdrsr @itth functions
of a large number of model variables, linear or non-linear and ifotheof a single value or
a vector. In many cases indicators are computed as a post exedese, using but at the
same time simplifying existing sophisticated model algorithfin®@ approximation by meta-
model concepts (response functions) substitutes complex computationscaletades here-
with the response and calculation time. Since this model concept is thave is no theoreti-
cal foundation behind the response functions, but for each model resultlejatiee entire
modelling chain is approximated by a general flexible fornhwitsmall set of parameters.
Only a limited number of simulation experiments form the bas¢hforestimation of the re-
sponse function, and thus a second or third degree polynomial is snffioest cases to hit
the few observation points very closely. In many cases, the adimig®licy space islis-
crete, i.e. there is a fixed number of available options, where it makesnse to evaluate a
policy that lies “in between” two alternatives. A binary example woeltbhmplement direc-
tive d; or d, where there is no sensible option in between. In that eagepossible policy
alternative is simulated and the response function hasktparameters?, ..., & such that,
denoting the policy instrument (the implemented directiveX by{d,, ..., d}, the response
function is given by

6,: x=d, (2)
AX) =
6, x=d,

This is extended to combinations of discrete and continuous policy \ewiabing (sayx
andy) by defining a separate continuous response function for each specific disamte opt

aly): x=d; 3
o) =3 :
@ (y): x=d,

Summarising, each of the quantitative sustainability indicatonsists of a direct model
output or a mini-model, which is fed by land use change and/ or anotiigishoutput. For
the information transfer into SIAT, the modellers assessed respdmnctions that
(a) describe the correlation between a policy variable andnbdeuke (or interim model re-
sults) change and subsequently, (b) express the relation betwdandhese change (or in-
terim model results) and the quantitative sustainability indiczaables or (c) link policy
variables directly to indicator variables. As a result, alpédi set of numerical “response pro-
tocols” is provided at regional level of NUTSX. To ensure consistenross different spatial
scales, up- and down-scaling methods are applied (see overall multi-scastecmydbelow).
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Qualitative assessment validity

Unlike precise quantitative knowledge integration mentioned above tajivaiinformation
depends on logical reasoning of cause and effect behind diverse aspects of beDasldar.
tive knowledge develops overall understanding of structures and tls¢éénsy behaviour.
Qualitative information can be integrated, if the necessary gatiweitinformation is not
available. This requires construction of the missing knowledge usataause-effect chains
between policies and indicators, and ultimately the responsendiw@tor functions associ-
ated (see figure 5). Since some of the knowledge integration iAfiSIcarried out through
response functions, the qualitative inter-correlations have to be setbsarthose functions.
In view of the fact that for many cases (particular scgtaénce) tangible data is often lack-
ing, it is not possible to define response functions for qualitatfieennation properly based
on scientific literature review. For those cases, the Delphi-methods havebalied.

Cause System State

Issue — » Intermediary > Indicator

parameter or change parameters
i i i i i
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
N N N N\ N
0 : . ?
_ _pen_pl_t Pumping pf Ground water - Grour!dwater
lignin mining water at site reduction level in area

Fig. 2.2-5. Ground water-causal chain translated into an atdic(adapted from Sverdrup et al. 2007).

The Delphi method is a systematic and interactive evaluation meilggherate scenarios
and make prediction for difficult problems and relies upon independent inpsetected ex-
perts within the consortium (Adler and Ziglio 1996). This is donecroaance to group-
modelling techniques developed by Vennix (1996). When full scientific knowledgeisdac
limited information in form of expert opinion, experience and intuitiom loa used to focus
on an agreement on certain behaviour of response functions. The tladlgrgamed knowl-
edge on found correlations is technically to be translated into knowletiegethat are em-
bedded in coded linkable components.

Decision trees in accordance to fuzzy-logic techniques enatdeeersion of conceptual
issues through causal chains into a functional variable, which ppeadaby linkable compo-
nents (see fig. 6). Each linkable component is integrated into tleestnatture of SIAT that
allows docking with interfaces of quantitative response functas®utput of the model
framework.
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Gul S IAT Calculation core

Graphical User Interface

1.) Reference scenario get policy settings get response function
(baseline)

a) high growth ¢ Response component o
b) low growth —> P P <=

c) business as usual

D .
£ 2.) Policy case get intermediate
S || - renewables
: - CAP get indicator function ]
’ I
L] - & state variables 2
<)
. —>| &
Indicator component <:| a
3.) Policy variables
a) intervention range
b) optional set up (y/n) get indicator
c) optional set up (y/n)
r————————————————l
: Trigger 1 Initial request
________ r—-———--- 4 A
N — data request “»@

data response

Fig. 2.2-6. Standard schematisation of linkable componentsinvGIAT (Pohle 2007).

Figure 6 illustrates the functioning of a generalised linkablaponent. The user set spe-
cific actions and chooses one of the three available options a) higthgsognario, b) low
growth scenario or ¢) business as usual. Subsequent, specific policy cas#s gpiset of pol-
icy variables. The user adjusts either the intensity of the pefiogble within a given range
or selects one of two available options. Once the settings areediethe process follows a
determined procedure:

» Processes and pathway (program): Starting point is the initiahzaf a run that is de-
ployed by the ‘Trigger’.

» The IndicatorComponent fetches the intermediate results to del¢h&indicator values
in the form of sending data requests via getValuesHook()* to the Re§pmnpenent
that calculates the intermediate détgetValuesHook” is considered as one function of a
linkable component that requests data from previous linkable component ¢althéa-
tion chain. Each composition needs a trigger to start the process russsogiing that a
composition is defined as a set of linkable components including their connections.

» The ResponseComponent receives information from policy settingdirfeagelicy case,
policy variables it gets from GUI) and response functions fomutation of intermediate
data.

» The Response component calculates intermediates with the gathtxatiadds fetched
from the general database and GUI to be sent subsequently backrdi¢taéor compo-
nent.
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» The Indicator component requests indicator functions and — depending oulittetors
method - also state variables to calculate indicator values.

Resulting, each indicator is calculated by indicator componentshwahgécembedded in the
system and linked to the protocols on the quantitative calculatismo(ree functions) of the
model framework. The indicator method itself is validated by dedirand testing through
sensitivity analysis, although the consistency and compatillitye embedded system to the
quantitative model outcome can only be tested by applying scenaenseHo validate this
system experts groups need to analyse ex-post the reliabiliesoits iteratively, until once
internal agreements of appraisals is reached among experts.

Overall multi-scale consistency

The third phase of the validation process focuses on overall consisfesteycture and data.
An increasing body of literature has developed on the quantificafidgheosustainability
across different sectors. Usually, this literature promotesdiee of monitoring a range of
sustainability indicators recognising that sustainability caro®tcondensed into a single
definition (Pannell and Glenn 2000). Most of these indicators are sgrenglogical in focus
and very detailed, or they are policy oriented and developed sgaggr sector or country
level. So, indicators are developed that differ greatly in infoonatontent and condensation
of this information. Scientists are most interested in uncondensedhdatean be analysed
statistically. Policymakers and the public in general cansbaraed to prefer condensed data
related to policy objectives and free of redundancy (Pacini 08B). In terms of achieving
overall consistency on single indicators, the following SIAT requirementsoasedered:

» Transparency of processing methods of indicators

» Effectiveness of indicator results’ presentation tools in teht®ndensation and non-
redundancy of information

» Possibility of aggregation of indicators on different spatialles;casustainability
themes and land use functions in order to get quick scan answers at different levels

= Holistic approach

» Possibility of performing sensitivity analyses of main parameters

Within the framework of numerical presentation there are diffasgys to present results
that depend on the level of aggregation of indicators. Using compositatmdi (or indexes)
allows for an overview of sustainability (Segnestam 2002). Graplis asispider diagrams
and trade-off curves are very effective and often used in repdsiege.g., Vereijken 1999,
Nicholls et al. 2004). Antle, Capalbo, and Crissman (1998) suggest trade-offs betnees va
dimensions of sustainability as a transparent method including appeopaiancing by giv-
ing weights (Weersink et al. 2002). Pannell (1997) considers simpleagppoto sensitivity
analysis related to trade-off curves as best solution.

However, the Impact Assessment guidelines (EC 2005) give theintkeations to evalu-
ate the policy options as follows: The results should (a) weigihelpositive and negative
impacts for each option, (b) be displayed aggregated and disaggrezmiltg, (c) be com-
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pared between options by area of impact (economic, environmental) socigd) be identi-
fied where the option is preferred.

What above reported means that SIAT should include some method to ramtitims by
groups and/or by sustainability dimension, and this implies thehilidggio aggregate indica-
tors and supply end-users with results to address trade-offs. Ire¢jaisd the SIAT internal
consistency requirements include

» Conceptual and data consistency between impact assessments(és, ifand use
functions (LUFs) as highest aggregates and relevant single indicators

» Consistency between the macroeconomic, top-down approach and the regienal, pa
ticipative, bottom-up approach

| ! L | !

Equation (indicator method)

Policy to indicator.... Policy / indicator.... Policy to ... indicator ... geo data ...
o direct indicator  Externalisties « intermediate variable o land use « vulnerability zone
« GDP © costs « land use change * nitrogen use  precipitation
* Trade balance * benefits * numbers of animals ¢ unemployment * elevation / slope
o etc. o etc. o etc. * GDP « soil type
o etc. o etc.

Grid level

. Quantitative Quantitiative
Region Indicator Qualitative
NUTSX (model Indicator

framework) (knowledge rule)

National
level
EU
level

Fig. 2.2-7. Overall consistency across different scales déipgron indicator sources

Figure 7 summarises the overall schematisation of consistegayements on indicators
depending on used data sources. The grey arrows indicate theeraysisbnditions across
different scales and aggregation among single indicators. The uppdlustrates all indica-
tor sources, whereas the quantitative indicators (model framewstak) from either direct
model output or from separately established accounting frameworkemaxies. Direct in-
dicators as outcome of the model framework can also be used tdkbaidedge rules for
quantitative or qualitative indicators, apart from additional sounsesy either intermediate
variables (e.g. land use change) or state data. Having thesalgesmbination possibilities
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in mind, specific horizontal up- and downscaling methods allow multi-scale congistefig
provide consistent up-scaling of indicator at SIAT’s projection lefeNUTSX towards
building land use functions (LUF), which indicate the regional provisiogoofds and ser-
vices. (2) Vertically the indicator methods and the related @atards have to be consistent
across the scales from Grid- up to the EU-level. Although altatdis are presented at the
projection level of NUTSX, the internal consistency across alletth@gels that are indicated
with grey arrows are to be assured within the SIAT calculations.

Specific regional (ex-post) plausibility

After having achieved consistency of the complex system $t&Tex-post validation of pol-
icy simulation is conducted. The overall statistical validatioeg#rds the SIAT developing
team by applying heuristic cross-checks on plausibility with eguosnt validation adjust-
ments, if apparent deviances from expected results occur. Duef&xthieat in-depth knowl-
edge on specific site-conditions and regional distinctions is ssthge not available, three
categories of further validation measures are implemented with consequetivebje

= To develop a consistent data base across all sensitive arestutdiss (SACS) according
to the principles of (a) compiling the data and information i &&&CS for at least one
NUTS3 cells with regard to the SIAT testing and modelling epghes, (b) accomplish-
ing the available information at disaggregated level within e&sBSSto systematically
increase the level of spatial and temporal details for the extorof SACS specific in-
dicators. Resulting testing of the dissimilarity between SAG& general European re-
gions takes place.

» To apply a comparative analysis of European wide and SACS spaef@inability indi-
cators in order to test their applicability, limits and constsaadcording to the spatial
resolution. This will add to the bottom up approach and will allow ésszcheck the va-
lidity of SIAT indicators developed from a top down perspective of NUTSX.

» To develop a methodology and protocol for the efficient implementatidimedEuropean
Environmental Technology Action Plan (ETAP) for sustainable econ@oaal and en-
vironmental development and for overcoming conflicts between stakehaiddréocal
authorities to which policy is directed.

Summarising, regional characteristics are down-scaled tggtsgated level and compared
with the SIAT outcome at the level of NUTSX. The above describedres are supported by
stakeholder involvement within case study regions. The process of egvpbsations is con-
tinuous in order to reveal mismatches between SIAT model resultsegional expectations
of policy-depending scenarios analysis.
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3 Conclusions

The important aspects discussed in this article concern the prafcdsveloping the design of
model-based DSS ‘Sustainability Impact Assessment Tool' (BI&X-ante sustainability
impact assessment of land use-relevant with SIAT aimsegjrating cross-sectoral trade-off
analysis.

The meta-model efforts non-standard technical solution finding, ircpkatiin terms of con-
sistency between proposed issues of the impact assessmentngsidsingle indicators
among all observed scales and land use functions (LUFs) as aggrefatdicators to indi-
cate the provision of goods and services at regional level.

Ensuring reliable model scenario results requires a set bfatadn and validation processes
at various levels of the complex meta-modelling system SIAT. uleht heuristic ex-post
plausibility testing of sensitive area case studies with Btdéer involvements adjusts mis-
matches between model results and expectations at regional level.

The complex meta-model system SIAT needs a set of medsubesable to assure reliable
results of policy scenario. Potential inconsistencies can be kdycealidating the model
framework and individually developed knowledge rules on indicators, but éxplagation
of model results at disaggregated level with stakeholder involvengat the same time an
inalienable and complementary procedure.

The described overarching process of validating SIAT is integdgtconducted. Subsequent
feedback loops correct either the implemented knowledge rule of iodicar approximate
the model framework towards plausible results. These adjustmesispas is posed as over-
all iterative loop until the validated results match between oute@hthe system complexity
(model framework), externally involved stakeholders and internadlsticipating expert
groups is reached by means of appropriate Delphi-processes.

As SIAT prototype Il is currently being developed, scenarios tesué not available at this
project phase. Hence, experience of the validating procesB missing and evaluating suc-
cess could so far only be verified on single components.
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