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Abstract

The European Union is committed, through the Cohesion Policy, to contribute to a sustainable economic, social
and territorial cohesion by reducing disparities between the levels of development of regions and countries of its
member states. The EU's main investment policy is also responsible for mainstreaming the environment into its
programmes and projects. The Land Use-based Integrated Sustainability Assessment Platform (LUISA) was
parameterized according to a 6Reference Scenario 2¢C
in Europe. In order to show the impacts of EU policies included in the Reference Scenario, a set of indicators
were computed to measure [1] land use intensity and the urban sprawl and [2] the implication of this policy on
accessibility in the EU regions. The modelling results indicated that in spite of important regional differences, the
overall land use intensity will decline. The Reference Scenario also shows a general increase in urban sprawl
across Europe most significantly in the main EU capital cities.
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1.LYUONRBRdAzOUOA2Z2Y
The Cohesion policy is mimportant policy instrument which aims to reduce the regional
disparities across European Unionit will allocate EUR 351.8 billion to support European
regions in achieving the 2020 European goals of creating growth and jobs, tackling
climate change and energy dependence, and redungi poverty and social exclusior{(EC,
2014a).

To analysethe impact of regional and urban policy on the economy and the environment,
athorough ex-ante impact assessmenshould be performed The impacts of current and
planned policy initiatives can besimulated by using modelling tools and indicators, which

help determine the effectiveness of policies in attaining targets.

The methodological framework reported here relies in anmntegrated modelling approach
based on, 5) 3! LgnddEsdbasédintegrated3 OOOAET AAEI EOU 1N.OOAOGOI
LUISA is a landunction model developed by JR@nd primarily used for the exante

evaluation of EC policies that have territorial impact.

The Cohesion Policy addresses several domains that aieelly to impact land use directly
or indirectly (Batista e Silvg et al. 2013).This report describes the methodology (chapter
2) and preliminary results (chapter 3) relevant for the evaluation of urbanization

processes,using indicators such as land use itensity, urban sprawl and accessibility,

calculated for the entire EU28 domain.

Future work using the LUISA framework will investigate the impact gbossible measures

to increase land use efficiencyand other aspects of urban and regional development
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The Land Usebased Integrated Sustainability Impact Assessment platform (LUISA9 a

dynamic, spatial modelling platform based on biophysical and sogeconomic drivers. It

was developed to assess therritorial impacts of European policies by providing a vision

of possible futures and quantitative comparisons between policy options. LUISA

simulates future land use changeand land functions These are thermdescribed by means

of spatially explicit indicators. A land function can for example pe societal (e.g.provision
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of housing, leisure and recreational opportunities)economical(e.g.transport, provision

of employment, provision of food and biofuels) orenvironmental (e.g. provision of
regulation services and maintenance of ecosystem processeByequently, alandscape
hasmultiple functions. Land functions are dyname,they depend on the characteristics of
land parcels, and are constrained and driven bynatural, socioeconomic, and
technological processesCentred on this novel concept, LUISA is far beyond a single,
stand-alone model. It can be best described as a platform withland usemodel at its

core, linked toboth other upstream and downstream moels.

In this exercise, LUISA was configureid compliancy with the "EU Energy, Transport and
GHG emission trends until 2050 Reference Scenario 2013" (EU Reference Scenario
2013 hereinafter), as explained in Baranzelli et al., 2014derived from an eatier
implementation (Lavalle et al., 2013) Within the scope of the present report, thisiew

scenario configuration in LUISA is referred to as the Updated Reference Scenario 2014

(or EU Reference Scenario 20143ndET A1l OAAO OEA #1 EA&Bl&tion 0T 1 EA

(regional and infrastructural investments at regional scale), CAP related measures,

biodiversity and habitat protection.

According to the EU Referene scenario 2014, the urban are#& driven by demographic
projections given by EUROPOP from Eurd¢at and the tourism projections from United
Nations World Tourism Organization (UNWTQ)The industrial and commercial sectors
are driven primarily by the growth of different economic sectors as projected by
Directorate-General for Economic and Financial #dirs of the European Commission (DG
ECFIN). The economic and demographic assumptions were taken from the AgeReport
2012 (EC, 202). A detailed description of tre EU Reference Scenario 2014 presented
in Baranzelli et al. (2014).

LUISA is structured in three main modulestE A OA AT AT A fardd 4s® &lldcatibn OE A
i T AOI Alte BATAE AAOIT (Qavdllé, & @POAIS Batista e Silvg et al. 2013). The
demand module takes into account sector specific land requirementshis module uses

sector specific models and historical land use data to report the proportion of additional

land required for any given sector each year: ariculture, urban area

industrial/commercial area and forest.The allocation module spatially distributes these

I http://ec.europa.eu/energy/observatory/trends_2030/index_en
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regional land use demands to alOOm pixel resolution. It considers bio-physical
characteristics, neighbourhood factors the competition for land and policy-based

restrictions.

The mainfinal output of the allocation module isa time series of yearlyland use mays,
from 2007 to 2050 at 100 m resolution forthe EU-28. The generatedland usemaps are
then used as an input forthe estimation of indicators. The indicator module addresses

the impact of the policy measures implemented upstream

Urban development and accessibility indicators

Urban development and accessibility are important contributors to overall social and
territorial cohesion. The indicators presentedherein are used to assess the impact of the
EU Reference Scenario 201dn urban development and accessibility at regionalelvel.
The analysis covers the variability over space and timé&or this purpose, he indicators
are presented atNUTS 2evel and display values forthe year 2010as well asabsolute or
relative changes between 2010 and 203 detailed list of theindicators is presented in
Table 1.

Tablel. List of indicators usei assess the urban development and accessikzitigording to theEU Reference Scenario

2014

THEME INDICATOR UNIT

Population density in 2010 Personper mz2

1.POPULATION

Relativechanges between 20162030 %

Built-up area per inhabitantin 2010 m2 per person
2.URBAN Absolute changes between 20162030 m?2 per person
DEVELOPMENT Urban Sprawl in 2010 UPUm 2

Absolute changes between 20162030 UPUm 2

Network efficiency Dimensionless

Relativechanges between 20102030 %

3.ACCESSIBILIT]

Potential Accessibility Dimensionless

Relativechanges between 20102030 %

The population density indicator is calculated asthe total number of inhabitants divided
by the land area inm2. The population density, is used as an ancillary indicator intended

to compare the regions based on similar figuresihe higher the density the higher the
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concentration of population living in a specific regionThe number of people is derived
from EUROPOP2010 at NUTS 2 level (EC/Eurostat, 2010he land area corresponds to
the total area of the region at NUTS 2 leveE(roBoundaryMap v81z Eurogeographics,
2014).

The second set of indicators is related to urbadevelopment encompassingpuilt-up area

per inhabitant and urban sprawl. The built-up area per inhabitantindicator measures

land consumption bycomparing the size of builtup areas with the population expressed

in sg. m per inhabitant (n? per person). The built-up area per inhabitantis auseful tool

to monitor the growth of the built-up areas and assesshanges in the efficiency of land
usein Europein the period 2010-2030 according to theEU Reference Scenario 201Zhe

total area andchangesin OA ¥ OAOAA OGS i iEl&RiadicdtoA thak refledsE A q
human intervention in the environment. The lower the consumption per caita of land

the more efficient the use of the buikup areas.

Urban sprawl is notoriously difficult to characterise and quantify as it involves elements
such as population density, spatial dispersion and the perception of sprawlVeighted
Urban Proliferation (WUP)is an indexto quantify urban sprawl, proposed byJaeger and
Schwick (2014 and implemented inLUISA (Ribeiro Barranco, et ak014). Itis based on

the following AA £ZET EQEIT T 1T £ OOAAT ODPOAxi g OOEA 11 OA

(amount of built-up area) and the more dispersed this buitup area in the landscape
(spatial configuration), and the higher the uptake of buikup area per inhabitant or job
(lower utilization intensity in the built-OBD A OAAQh OEA EECEAO OEA
The WUP is calculated as a combination of three different elements taking into
consideration (1) the degree of urban penetration (incorporating the distance between
built-up cells), (2) the building density of builtup area and (3) the population present in
this built-up area.The urban sprawl is expessed in Urban Permeation Uni(UPU)per sp.
meter (UPU/m2). The higher theUPU the higher the urban sprawl.

The third set of indicators measurethe effects of transport network improvements on
accessibility indicators of territorial cohesion. We usedtwo accessibility indicators
developed byLopez et al. (2008: relative network efficiency and potential accessibility.
These can be loosely linked to specific policy objectives: network efficiency measures the
effectiveness of transport networks (Lopez, et al. 2008, and potential accessibility

measures econmic opportunity (Lopez, et al. 2008 Stepniak and Rosik 2013. Both

7|Page
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indicators were implemented in LUISA (Jacob€risioni, et al. forthcoming). The
accessibility indicators use shortest traveitimes between two municipalities and
population at the destination. The road network dataused to obtain traveltimes
describes the current (2006) road network, and describes the expected future (2030)
network taking into account the expected network improvements enlaled by cohesion
policy funding. In the network efficiency indicator the idealtravel times are based on
Euclidean distances betweenandj and the fastest maximum speed (130 km/h) recorded
in the road network data. The potential accessibility indicator measure the levelof

opportunity for interaction between a noded and a destinaton nodej (Lopez, et al. 2008

3.wSadz Ga

Population Density

Map Ain Figure 1 shows the population density in 2010 and the relative changes between
2010 and 2030. According to the population projections used,Europe will diverge in
terms of population density, with clear winners and losers. The change in populah
density also shows a high degree of autocorrelation, with large concentrations of regions

with either increasing or decreasing trends.

Regions with decreasing trendin population are mostly concentrated in Eastrn Europe,
particularly in Romania, Bugaria, Croatia, the Baltic countries and Germany. In Wesh
Europe, only the Northwest of the Iberian Peninsula is projected to show a decrease in

population over the next couple of decadefMap B in Figure ).

The projected population decline in most of Germany, for instamg is primarily due to
negative natural growth, with immigration levels insufficient to balance population
decline. In Romania and Bulgaria, on the other hand, emigration contributes to further
overall population decline. However, international migration fow projections are highly

uncertain due to their high volatility over time and space.

For what concerns most of the other parts of Europe, overall population growth is
expected to be positive. In addition, regions with capital cities tend to stand out ierms
of population growth, even in Eastern Europe. If such a scenario holds, the resulting
substantial changes in regional population might generate nenegligible impacts on

economy, landscape and urban dynamics.
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Figurel. Population density in 2010 aatbsolute changem percentage between 2010 and 2030arcting to theEU

Reference Scenario 20iMEU28 at NUTS2 level.
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Built-up area pernnhabitant
In Europe, cities use land mat efficiently and population densites tend to decline the
further away from city centres. This general trend can be explaireeby the price of land

and itsuse, whichvaries with distance from the city centre (EC,2014).

In the EU-28, the available builtup area per person in 2010vason average 391Im2 (Map
A onFigure 2). In 2030, themodel forecasts theamount of land consume per personwill
increaseby 6% between 2010 and 2030. This implies that on average the EU population

in 2030 will consume more land than in 2010.

According to the modelling results theamount of land consumed per persorn 2010 is
lower in the regions bcated in the southern part of Europe(with the exception of
Cyprus). The regions with the highest land use intensity, correspond to the city capitals
where the land use intensity is among the highest in EuropeMap A on Figure 2)This
pattern changes the further one goes in the northern part of Europayith the increased

amount of land consumed per persoiiKasanko, et al2006).

Concerning the changes between 2010 and 2030, the majority of regions show an
increase in the amount of land consumeger inhabitant, meaning that land use efficiency

is declining over time. In this sense, the use of land will be less efficient in 2030. Countries
that follow this trend are, for example, the Scandinavian countries and the Eastern part

of Europe (shown inred and orange hues on Map B on Figure 2).

There are also a few regions in the E@8 which are expected to use land more efficiently
over time. Countries that follow this trend are foreseen to decrease thland consumed
per person as compared to the baseline year (read and orange hues). This is the case, for
instance, in Ireland and some regions in the United Kingdom (blue hues on Map B, Figure
2).
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BUILT-UP AREA PER INHABINA 2010 (MAP A)
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Figure2. Builtup area per inhabitant in 2010 and changes #per person between 2010 and 2030 according toHie
Reference Scenario 20MEU28 at NUTS2 level.
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