Territorial Scenarios and Visions for Europe (ET2050) E S P 'N

ET2050 Draft Final Report

Scientific Report

VOLUME 6
INTEGRATED SPATIAL SCENARIOS UNTIL 2050

Author: Spiekermann&Wegener

(s&W)

February 28t 2014



ET2050
Territorial Scenarios and
Visions for Europe

Project 2013/1/19

Volume 6
Integrated Spatial Scenarios until 2050

Spiekermann & Wegener (S&W)
Urban and Regional Research

28/02/2014

EUROPEAN UNION
Part-financed by the European Regional Development Fund
INVESTING IN YOUR FUTURE




This report presents a more detailed overview of
the analytical approach applied by the project.
This Applied Research Project is conducted
within the framework of the ESPON 2013 Pro-
gramme, partly financed by the European Re-
gional Development Fund.

The partnership behind the ESPON Programme
consists of the EU Commission and the Member
States of the EU27, plus Iceland, Liechtenstein,

Norway and Switzerland. Each partner is repre-

sented in the ESPON Monitoring Committee.

This report does not necessarily reflect the opin-
ion of the members of the Monitoring Commit-
tee.

Information on the ESPON Programme and pro-
jects can be found on www.espon.eu

The web site provides the possibility to down-
load and examine the most recent documents
produced by finalised and ongoing ESPON pro-
jects.

This basic report exists only in an electronic
version.

© ESPON & S&W, 2014.

Printing, reproduction or quotation is authorised
provided the source is acknowledged and a
copy is forwarded to the ESPON Coordination
Unit in Luxembourg.

ESPON 2013



Territorial Scenarios and Visions for Europe (ET2050)

List of authors

Klaus Spiekermann (S&W)
Michael Wegener (S&W)

ESPON 2013



Territorial Scenarios and Visions for Europe (ET2050)

Table of contents

1. INErOdUCHION wouee e 1
2. The SAST MOAEl ..uuiiiiiii i 2
3. Model Calibration ......o.eieiieiii e 3
4. The SASI Baseline SCENAIIO ...uiviiiiiiiiiiiiiiii i 4
5. The SASI EXploratory SCENAMIOS .. iiiiiiiii i it i i aaees 10
6. Results of the SASI EXploratory SCENArios ...vvviiiiiiiiiii i i i i eaas 13
6.1 ACCESSIDIITY «nneeie e 13
B.2 G P it 13
6.3 POPUIAEION Lo e 20
(ST S I = | 1= Yo o P 23
7. The SASI Scenario Variants ....cciiiviiiiiiiiiiiiiii e 26
8. Results of the Scenario Variants .......ccoiviiiiiiiiiii 27
9.  SENSIEIVIEY ANAlY SIS 1ttt i s 32
10. CONCIUSIONS ittt et 33
11. Further RESEArCh ...uivi i 35
R I ENCES .. i e 36
iv

ESPON 2013



Territorial Scenarios and Visions for Europe (ET2050)

Figures
Figure 1

Figure 2
Figure 3
Figure 4

Figure 5
Figure 6
Figure 7
Figure 8
Figure 9
Figure 10

Figure 11
Figure 12
Figure 13
Figure 14
Figure 15
Figure 16
Figure 17
Figure 18
Figure 19
Figure 20

Figure 21
Figure 22
Figure 23

Figure 24
Figure 25
Figure 26
Figure 27
Figure 28
Figure 29
Figure 30

Figure 31

\"

ESPON 2013

Structural Funds of regions as % of GDP v. GDP per capita

Q=027 0L ) 4
Baseline assumptions for total population in EU27+4 1981-2051 ........... 6
Baseline assumptions for total EU27 net migration 1981-2051 ............... 6
Baseline assumptions for total GDP (billion Euro of 2010) in

EU2744 1981-2051 .iiiiiiiiiiiii i 7
Baseline assumptions for total Structural Funds expenditures of the
European Union 198 1-205 1 ...t e 7
Baseline assumptions for total person-km travel per year in EU27
1081205 ] it e 8
Baseline assumptions for total ton-km freight per year in EU27

108 L-205 ] ettt 8
Baseline assumptions for energy consumption per person-km

(travel) and tonne-km (freight) 1981-2051B .....cciiiviiiiiiiiiiiii e aaens 9
Baseline assumptions for CO, emission per MJ for rail and road

EransSPOrt 108 1-205 L. it e 9
EU Structural Funds expenditures in SASI exploratory scenarios

N T [ o T 10
Scenario A: Network improvements (if necessary) 2011-2051 .............. 11
Scenario B: Network improvements (if necessary) 2011-2051 .............. 12
Scenario C: Network improvements (if necessary) 2011-2051 .............. 12
Baseline Scenario: Accessibility road/rail 2051.......ccciiiiiiiiiiiiiiiiiia 14
Scenario A: Accessibility road/rail 2051 ... 14
Scenario B: Accessibility road/rail 2051 .....ciiiiiiiiiiiiiiiii e 15
Scenario C: Accessibility road/rail 2051 ... 16
Baseline Scenario: Mean annual change of GDP 2011-2051 (% p.a.) ..... 16
Baseline Scenario: GDFP per capita (1,000 Euro of 2010) 2051............. 18
Scenario A: Difference in GDP per capita to Baseline Scenario

(20) 200D i e 18
Scenario B: Difference in GDP per capita to Baseline Scenario

(20) 200D i e 19
Scenario C: Difference in GDP per capita to Baseline Scenario

(20) 200D i i e 19
Baseline Scenario: Mean annual change of population 2011-2051

LGS T0 1= 15 20
Baseline Scenario: Population density (population/sgkm) ........cc.covvvin 21
Scenario A: Difference in population to Baseline Scenario (%) 2051 ...... 21
Scenario B: Difference in population to Baseline Scenario (%) 2051 ...... 22
Scenario C: Difference in population to Baseline Scenario (%) 2051 ...... 22
Net migration 2010-2051 ... s e 23
Baseline Scenario: CO, emission by transport (t/capita/y) 2051........... 24
Scenario A: Difference in CO, emission by transport to Baseline

SCeNANio (U0) 2051 .o s 24
Scenario B: Difference in CO, emission by transport to Baseline

SCeNANio (Y0) 2051 .o s 25



Territorial Scenarios and Visions for Europe (ET2050) E S P

Figure 32 Scenario C: Difference in CO, emission by transport to Baseline

SCENANO (20) 205 ] 1ttt i i e 25
Figure 33 All scenarios: Accessibility road/rail travel (million) 2051 ..................... 28
Figure 34 All scenarios: GDP per capita (1,000 Euro of 2010), EU15 and EU12

RS TS B I 01 28
Figure 35 All scenarios: GDP per worker (1,000 Euro of 2010), EU15 and EU12

LTS 013 28
Figure 36 All scenarios: Coefficient of variation of GDP per capita 1981-2051........ 29
Figure 37 All scenarios: Gini coefficient of GDP per capita 1981-2051. ................. 29
Figure 38 All scenarios: National polycentricity index EU15 1981-2051................. 30
Figure 39 All scenarios: National polycentricity index EU12 1981-2051................. 30
Figure 40 All scenarios: Energy consumption by transport per capita per year

(M) 198 1-205 ] ittt e e et e e et 31
Figure 41 All scenarios: CO, emission by transport per capita per year (t)

108 L-205 ] ottt e 31
Figure 42 Sensitivity analysis: Slow convergence of labour productivity: GDP

per worker (1,000 Euro of 2010) in EU15 and EU12 1981-2051 ............ 32
Figure 43 Sensitivity analysis: Slow convergence of labour productivity: GDP

per capita (1,000 Euro of 2010) in EU15 and EU12 1981-2051.............. 32
Figure 44 Sensitivity analysis: Slow convergence of labour productivity:

Gini coefficient of GDP per capita 1981-2051.....ciiiiiviiiiiiiiiii i eiaens 33
Tables
Table 1 SASI model: calibration results (2006).....cccviiiiiiiiiiiiiiii i i i 3
Table 2 SASI Baseline Scenario specification 1981-2051........ccccviiviiiiiiiiniiienennnns 5
Table 3 Development of GDP and GDP per capita by period: average annual

ChANGE (/0] e e 13

Table 4 Exploratory scenarios and their variantS......cccoviiiiiiiiiiiiiii i 26
Table 5 Assumptions for the scenario variantS......c.cccviiiiiiiiiiiii i i 26
Table 6 Summary of SASI scenario resUlES.....ivii i e 34
Vi

ESPON 2013



Territorial Scenarios and Visions for Europe (ET2050)

Integrated Spatial Scenarios until 2050

Klaus Spiekermann and Michael Wegener
Spiekermann & Wegener Urban and Regional Research

1. Introduction

The objective of the ESPON project ET2050 (Territorial Scenarios and Visions for Europe) was to
support policy makers in formulating a long-term integrated and coherent vision for the develop-
ment of the EU territory. In a participatory process different groups of stakeholders were involved
in developing the vision to widen thematic, temporal and territorial horizons by imagining a future
that transcends sector-based, short-term and domestic policy considerations. The following key
questions were to be answered:

(1) What is the current state of the European territorial structure?

(2) What will be the future European territorial structure if development trends and policies re-
main unchanged?

(3) What could be feasible future states of the European territorial structure in three territorial
exploratory scenarios?

(4) What is the room for manoeuvre to politically steer the development of the future territorial
development in Europe and what is the range in which a realistic territorial vision can be for-
mulated?

(5) What could be midterm targets in order to steer territorial development towards the desired
long-term vision, and what policy actions are required to meet these midterm targets?

The methodology applied in the project combined qualitative and quantitative approaches. The
qualitative work was based on the project partners' expertise, expert surveys and workshops,
surveys during internal and open ESPON seminars, workshops with the ESPON Monitoring
Committee, presentations to the European Parliament and the Committee of the Regions and
consultations with the European Commission. The quantitative work applied regional economic,
demographic and transport models to provide a better understanding of the likely impacts of dom-
inant long-term trends in political and economic framework conditions and strategic European
policy decisions, in particular reforms of the EU cohesion policy. The main focus of the modelling
exercise was therefore to investigate the possible evolution of social, economic and territorial
cohesion under different scenarios and policy-assumptions from 2010 to 2030 and 2050.

In the project the scenarios until 2030 were modelled with the MULTIPOLES (demography),
MASST (economy), MOSAIC (transport) and Metronamica (land use) models. These mid-term
simulations were complemented by long-term integrated simulations until 2050 using the SASI
model. This report presents methodology, assumptions and results of the long-term simulations
with the SASI model.

The SASI model is being used to investigate the likely economic, social and environmental im-
pacts of different EU and EU member states strategies to influence the spatial development of the
European territory, i.e. to asses these impacts with respect to the major European Union goals
competitiveness, cohesion and sustainability. The core question investigated with the SASI simu-
lations is whether after the recent economic crisis the trend of the last thirty years towards reduc-
tion of the economic disparities between the more advanced and the economic lagging regions in
Europe will continue.
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2. The SASI Model

The SASI model is a recursive simulation model of socio-economic development of regions in
Europe subject to exogenous assumptions about the economic and demographic development of
the European Union as a whole and transport and other spatial policies. The SASI model differs
from other approaches to model regional development by modelling not only production (the de-
mand side of regional labour markets) but also population (the supply side of regional labour
markets). The model was developed at the University of Dortmund in co-operation with the Tech-
nical University of Vienna (Wegener, Bokemann, 1998) and has since been applied in several EU
projects, among them IASON (Integrated Appraisal of Spatial Economic and Network Effects of
Transport Investments and Policies), ESPON 2.1.1 (Territorial Impacts of EU Transport and TEN
Policy) of the European Spatial Planning Observation Network (ESPON), the Interreg-llib project
AlpenCors (Alpen Corridor South) and the RTD 6th Framework Programme project STEPs (Sce-
narios for the Transport System and Energy Supply and their Potential Effects).

For forecasting regional economic development the SASI model applies an extended production
function with regional economic structure, regional productivity, accessibility, availability of labour,
R&D investments, population density and availability of developable land as explanatory varia-
bles. In addition it uses a migration function in which net migration is forecast with regional wage
level and quality of life as explanatory variables. To take account of the slow process of economic
structural change, the economic variables are lagged by five years. A detailed documentation of
the SASI model is contained in Wegener (2008) and S&W (2013).

For application in the ET2050 project, the SASI model was updated and extended in order to as
much as possible meet the scenario specifications in the ET2050 First Interim Report. The ad-
justments required many trial-and-error runs. In particular the following adjustments to the model
and its database were made:

(1) The model database was updated using the most recent available regional data and convert-
ed to the system of NUTS-3 regions of 2006.

(2) The forecasting horizon of the model was extended to 2050 to see how the assumptions
made for the period until 2030 would work out in the twenty years thereafter. This extension
required the extrapolation of model input parameters.

(3) The study area of the model was extended to the larger study area EU27+4, the so-called
ESPON Space (EU27 plus Iceland, Liechtenstein, Norway, Switzerland). In addition, the
Western Balkan countries Albania, Bosnia and Herzegovina, Croatia, Kosovo, Macedonia,
Montenegro and Serbia were included in the analysis. The recent accession of Croatia to the
European Union could not yet be considered.

(4) The exogenous assumptions of the model were adjusted to match as much as possible the
exogenous assumptions made in the MASST and MULTIPOLES models.

(5) The NUTS-2 typology of regions proposed for the exploratory scenarios in the MASST model
was translated to NUTS-3 regions (see Section 5) .

(6) The development of the transport networks after 2016 was updated to support the three ex-
ploratory scenarios (see Section 5).

(7) The model was re-calibrated with the updated regional data for the new region system and
the more recent data.

(8) In addition to the three exploratory scenarios modelled in MULTIPOLES, MASST, MOSAIC
and Metronamica, each exploratory scenario was combined with three different assumptions
about extreme possible framework conditions.

2
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All simulations with the SASI model start from 1981 to demonstrate that the model is able to re-
produce the past development and how the future development continues or deviates from the
past development. Because the database of the SASI model is largely based on census data, it
ends with the year 2051 instead of 2050.

3. Model Calibration

For the project the SASI model was re-calibrated with the updated regional data for the new re-
gion system and the more recent data. The parameters of the new regional production function

predicting gross domestic product (GDP) by sector are as follows:

Table 1. SASI model: calibration results (2006)

Regression coefficients
Variable . Manufac- Con- Trqde, Financial Other
Agriculture . . tourism, . .
turing struction services services
transport
sgdpn 0.678524 0.893175 0.973386 1.099938 1.177336 0.999325
gdpwn 0.341488 0.612451 0.521618 0.687285 0.531100 0.603967
acctrr 0.092569 0.026030 0.062745
acctrra 0.150137 0.056099
accfrr 0.081128
rimp 0.029001 0.036534 0.035755
pdens —0.119823 0.077598
devld —-0.120504 —0.223148
rdinv 0.145465 0.053178 0.145935
Constant 0.767319 0.213326 0.419835 0.119600 1.157029 0.394670
r* log 0.861 0.822 0.735 0.838 0.850 0.842
r’ 0.679 0.694 0.579 0.657 0.714 0.671
where
sgdpn Share of GDP of sector n (%)
gdpwn GDP per worker in sector n (1,000 Euro of 2010)
acctrr Accessibility of GDP travel road/rail
acctrra Accessibility of GDP travel road/rail/air
accfrr Accessibility of GDP freight road/rail
rimp Regional labour market potential (accessibility to labour)
pdens Population density (pop/ha)
devld Developed land (%)
rdinv R&D investment (% of GDP)

To take account of the slow process of economic structural change, independent variables sgdpn
and gdpwn are lagged by five years; all other independent variables are lagged by one year, i.e.
the most recent available value is used. Because no data are available for years before 1981, no
lags are applied for 1981.

Because it is not the purpose of the model to predict the economic crisis of the years 2008-2009,
total GDP of the countries most affected by the crisis (Cyprus, Estonia, Spain, Greece, Lithuania,
Latvia, Portugal and Slovenia) was exogenously entered in to the model for the years 2005-2013
plus a recovery period until 2020.
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4. The SASI Baseline Scenario

The SASI Baseline Scenario is a business-as-usual scenario, i.e. it assumes that current policies
are continued in the future. However, it is much more optimistic than that assumed for the
MASST model. It assumes that the consequences of the recent economic crisis affecting the
most crisis-stricken countries, in particular Greece, Italy, Spain and Portugal, will soon have been
overcome by EU solidarity transfers and stricter fiscal regulation and that the new EU member

states in eastern Europe will continue to catch up through productivity convergence, though at a
lower speeds than before the crisis ("sluggish recovery").

The kinds of spatial policies considered in SASI, EU subsidies and transport policies, are the

same as those applied in the other models in their simulations until 2030, but are treated in a
slightly different manner:

(1) Structural Funds subsidies consist of EU regional policy expenditures from the European Re-
gional Development Fund (ERDF), the European Agricultural Fund for Rural Development
(EAFRD), the European Social Fund (ESF) and the Cohesion Fund (CF). It is assumed that
the total volume of these funds will stay the same as in the funding period 2007-2013, i.e. will
grow in proportion to the expected growth of the economy of the European Union. As alloca-
tion rule an inverse exponential function of GDP per capita empirically derived from the allo-

cation estimates for the funding period 2007-2013 in the SFC database (European Commis-
sion, 2008) was used:

b, =exp[-0.035x(y, —~51.0)]x3.0

where b; is Cohesion policy expenditure as per cent of GDP in region i, and y; is GDP per
capita in region i as per cent of the average GDP per capita of the European Union
(EU27=100). Figure 1 shows how this function was derived from data of the funding period

2007-2013. Cohesion policy expenditures are treated as transfers, i.e. are paid by all regions
in proportion to their GDP per capita.
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Figure 1. Structural Funds of regions as % of GDP v. GDP per capita (EU27=100)
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(2) Transport policies consist of time-sequenced network improvements and assumed changes
of the generalised costs of passenger and goods transport through energy price increases
and advances in energy efficiency of vehicles. In addition, perceived energy costs of transport
are calculated as a combination of energy prices, energy efficiency and household incomes. If
transport costs increase by the same rate as GDP per capita, no change in accessibility is as-
sumed. This is the case in the Baseline Scenario.

The specification of the SASI Baseline Scenario is a combination of (a) the specifications sug-
gested in the ET2050 First Interim Report, (b) information about the Baseline Scenario simulated
with the MULTIPOLES, MASST and MOSAIC models and (c) the most recent forecasts by Euro-
stat, the European Commission and the International Energy Agency.

Table 2 summarises the specification of the SASI Baseline Scenario between 1981 and 2051:
The numbers in the table refer to the European Union (EU27) and the ESPON Space consisting
of the EU plus Iceland, Liechtenstein, Norway and Switzerland (EU27+4), respectively.

Table 2. SASI Baseline Scenario specification 1981-2051

. Popula- Net GDP GDP Structural |-y e

P(;i%;]la ti%n migration EU27 EU27+4 Funds per tFJJarreI
Year EU27 EU2744 EU27 (billion (billion (billion (Euro of

(mllllon) (mllllon) (1,000) Euro Euro Euro 2010)

of 2010) | of 2010) | of 2010)
1981 460 471 77 7,067 7,472 6.7 39
1986 464 475 285 8,045 8,496 12.7 19
1991 471 483 1078 9,476 9,979 23.9 18
1996 478 490 748 10,221 10,762 34.0 20
2001 482 494 654 11,591 12,133 39.0 25
2006 491 504 1578 12,697 13,273 44.0 55
2011 501 514 929 12,407 12,981 49.4 63
2016 514 528 1239 13,381 14,020 54.3 98
2021 526 540 1327 15,318 16,010 60.9 107
2026 535 549 1300 16,922 17,685 67.2 112
2031 541 556 1290 18,418 19,248 73.2 118
2036 543 558 1265 19,740 20,635 78.4 124
2041 540 556 1217 20,848 21,797 82.8 130
2046 535 550 1163 21,682 22,683 86.2 136
2051 526 542 1094 22,228 23,253 88.3 142
Population:

1995-2010: Eurostat. http://epp.eurostat.ec.europa.eu. Table tps00001
2015-2050: Eurostat population projections. http://epp.eurostat.ec.europa.eu/ Table tps00002

Net migration:

European Commission (2012a, b)

GDP:

1995-2013: http://sdw.ecb.euopa.eu

1995-2014: http://epp.eurostat.ec.europa.eu/ Table tec00115

2015.2050: http://ec.europa.eu/economy_finance/publications/european_economy/2012/pdf/ee-2012-2_en.pdf
Structural Funds:

Eurostat, DG Regio

Oil price:

IEA (2012)
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The population totals indicated are no fixed constraints but targets to be achieved by the demo-
graphic submodel. The assumed oil price development is only indicative of generally rising ener-
gy costs — the exact way how perceived energy cost increases are calculated as a combination of
energy prices, energy efficiency gains and rising incomes will be explained later.

In the following Figures 2-5 the four main columns of Table 2 are visualised showing the time
period for which empirical data were available and the remaining period until the forecasting hori-
zon for which assumptions had to be made.

Figure 2 shows the assumed population development with its peak around 2035 and subsequent
slow decline until 2050. This assumption is in contrast to the assumption of continued growth until
2050 of the MULTIPOLES model based on the ESPON DEMIFER project but supported by the
EU Ageing Report and EUROPOP projections (European Commission 2012a, 2012b).

Figure 3 shows the assumption made for total EU27 net migration, i.e. the balance between total
immigration and outmigration into and out of the European Union, also adopted from the Ageing
Report and EUROPOP (European Commission 2012a, 2012b).

Figure 2. Baseline assump- 600 1 .
tions for total population in ;
EU27+4 1981-2051. Source: 500 - :
European Union (2012). |
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The EU net migration assumed for the years until 2030 is significantly higher than that assumed
in MULTIPOES and MASST. The wide fluctuation of annual net migration in the past shows the
difficulty of projecting future migration flows. Even this assumption may be too conservative and
be exceeded by the future immigration of refugees from countries in Africa and the Middle East.

Figure 4 shows the projection of gross domestic product (GDP) of the countries in the ESPON
Space (EU27+4) in the Baseline Scenario. The assumption represents the "sluggish recovery"
hypothesis suggesting that after the crisis of 2008-2010 total GDP of all countries including those
countries most affected by the crisis will return to the previous growth path but at a lower level
and with slightly less dynamics. Moreover, it can be seen that after 2030 a gradual decline of the
economic growth rate is assumed, in accordance to the position suggested by the recent report to
the Club of Rome (Randers, 2012) that exponential economic growth cannot continue forever.

Figure 5 shows the assumption for total EU regional policy Structural Funds expenditures through
the European Regional Development Fund (ERDF), the European Agricultural Fund for Rural
Development (EAFRD), the European Social Fund (ESF) and the Cohesion Fund (CF). That the
curve looks similar to that for GDP is intentional, reflecting the assumption that Structural Funds
annual expenditures will continue to amount to roughly 0.4 per cent of total annual EU27 GDP.
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Figures 6-11 show additional assumptions for the SASI European transport model and energy
consumption and CO, emission of transport not included in Table 2.

Figure 6 shows the Baseline assumption for total person-km travelled per year in EU27 by road
and rail. This assumption is used to calibrate the travel part of the SASI transport model. The
travel part of the SASI transport model calculates trips between NUTS-3 regions as a function of
population weighted by income as origins, population as destinations and perceived generalised
costs of travel by road and rail between NUTS-3 regions. The figure shows the assumed Baseline
development of modal shares with slowly growing rail and stabilising road travel.

Figure 7 shows the same assumptions for freight transport in tonne-km per year in EU27 used to
calibrate the SASI freight transport model. The freight part of the SASI transport model calculates
freight flows between NUTS-3 regions as a function of GDP as origins and destinations and gen-
eralised cost by freight transport by road or rail between NUTS-3 regions. The figure shows the
assumed Baseline development of modal shares with freight transport by road growing by 60 per
cent until 2050, significantly faster than freight transport by rail. The diagram makes it clear that
curbing the excessive growth of freight transport by road is one of the major challenges of plan-
ning for sustainability in Europe.
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The next two diagrams show the assumptions used to calculate energy consumption and CO,
emission by ground transport (road and rail) within Europe. These two indicators were selected
as measures of sustainability because they are more affected by the different spatial scenarios
than other environmental indicators, such as intercontinental aviation or maritime transport, and
because land-use effects are addressed by the Metronamica model.

Figure 8 shows energy consumption (MJ) per person-km of travel and tonne-km of freight
transport, by road and rail, respectively, based on data published by the German Energy Agency
(dena, 2012) for the period 1990-2010. The extrapolation of the four lines until 2051 assumes that
the gains in energy efficiency observed in that period will continue but will eventually level off.

Figure 9 shows the CO, emission per unit of energy consumption (MJ) estimated for the period
1990-2010 for road and rail, respectively, based on data of total energy consumption and total
CO, emission of transport published by the European Union (2012). The extrapolation of both
lines until 2051 reflects the assumptions about the potential further substitution of fossil energy by
renewable energy in road and rail transport.
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5. The SASI Exploratory Scenarios

In the three exploratory scenarios A, B and C the framework conditions (see Table 2) are as-
sumed to be the same as in the Baseline Scenario, and only policies, i.e. the allocation of EU
subsidies and transport policies are changed after 2013.

The definition of the three exploratory scenarios used the region typology based on ESPON 1.1.1
(2005) developed for the MASST model (POLIMI, 2014) but translated to NUTS-3 regions:

- In the MEGAs Scenario A large European metropolitan areas are promoted in the interest of
competitiveness and economic growth.

- In the Cities Scenario B secondary European cities are promoted in order to strengthen the
balanced polycentric spatial structure of the European territory.

- In the Regions Scenario C rural and peripheral regions are promoted to advance territorial co-
hesion between affluent and economically lagging regions.

For comparability the total volume of EU Structural Funds expenditures is kept across all scenari-
os as 0.4 per cent of total EU27 GDP, and only the allocation of expenditures to regions is
changed according to the scenario objectives: in Scenario A in proportion to GDP of MEGASs, in
Scenario B in proportion to population of the promoted cities and in Scenario C as in the Baseline
Scenario as an inverse function of GDP per capita of the regions to be promoted. In all cases a
short period of transition to the new allocation is allowed for.

The map in Figure 10 shows the resulting allocation of EU Structural Funds expenditures in the
three exploratory scenarios A, (blue), B (red) and C (green). The size of the circles in the map
corresponds to the volume of Structural Funds expenditures allocated to each region in per cent
of the total volume of EU Structural Funds expenditures.

Figure 10. EU Structural

Funds expenditures in

SASI exploratory sce-

narios A, B and C

Regional level: NUTS3 . ‘
Source: S&W (2013) . uacoiouse | vartnaue | Reunion
Origin of data: SASI model 2013
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Like the Baseline Scenario, each exploratory scenario assumes the implementation of the trans-
European transport core network until 2050. In addition each exploratory scenario assumes spe-
cific additional road and rail network improvements to support its objectives:

- In the MEGASs Scenario A it is assumed that all MEGAs not more than 500 km apart will be
linked by road and rail connections with 90 km/h airline speed for cars and 200 km/h for rail,
and that the metropolitan areas will improve their intra-regional transport system.

- In the Cities Scenario B it is assumed that cities not more than 300 km apart will be linked by
connections with 80 km/h airline speed for cars and 160 km/h for rail, and that they will improve
their intra-regional transport system.

- In the Regions Scenario C it is assumed that regions will be linked with the metropolitan areas
and cities of the A and B Scenarios not more than 200 km apart by connections with 65 km/h
for cars and 80 km/h for rail, and that they will improve their regional transport system.

These assumptions are understood as minimum levels. If the transport infrastructure of the Base-
line Scenario offers already connections of at least that quality, for instance through existing high-
speed trains, no further improvements are introduced.

Figures 11-13 show the additional network improvements of each exploratory scenario A, B and
C in schematic form as links between MEGAS, cities and regions. Remarkably, because of Ger-
many's polycentric urban system, the number of network improvements in Scenario C in Germa-
ny is particularly dense, although the number of regions receiving subsidies from the Structural
Funds is only low because of Germany's high GDP per capita.

Figure 11. Scenario A: [
Network improvements

(if necessary)
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Regional level: NUTS3 ‘ ‘
Source: S&W (2013)
Origin of data: SASI model 2013
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Figure 12. Scenario B:
Network improvements
(if necessary)
2011-2051

Regional level: NUTS3
Source: S&W (2013)
Origin of data: SASI model 2013
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6. Results of the SASI Exploratory Scenarios

Figures 14-32 show results of the SASI Baseline Scenario and the three exploratory scenarios A,
B and C in map form.

6.1 Accessibility

The maps in Figures 14-17 show the distribution of multimodal accessibility (road/rail) in Europe
in the Baseline Scenario and in the exploratory scenarios A, B and C in 2051.

Although in the SASI model also accessibility by air is considered, this bi-modal accessibility is
presented her because air accessibility is kept the same in all scenarios.

Unlike in earlier applications of the SASI model, here economic activity in terms of GDP is taken
as destination activity because of its higher explanatory power in the SASI production function
(see Section 3). Already in the map of the Baseline Scenario (Figure 14) it can be seen that ac-
cessibility in Europe is heavily centralised in western Europe in the corridor between Zirich and
Amsterdam along the Rhine river (formerly called the "Blue Banana").

It is also apparent that, although, as it will be shown later (see Figure 33), the relative changes in
accessibility in the exploratory scenarios A, B and C are substantial, they are not sufficient to
fundamentally change this centralised pattern. Nevertheless it is obvious that in Scenario A (Fig-
ure 15) the high-accessibility area is largest, whereas it is smallest in Scenario C (Figure 17).

6.2 GDP

Table 3 and the maps in Figures 18-22 show the development of GDP and GDP per capita in the
SASI Baseline Scenario and the three exploratory scenarios A, B and C.

Table 3 shows the development of GDP and GDP per capita over the different time periods be-
tween 1981 and 2051 for all four scenarios. It is apparent that after the decline due to the eco-
nomic crisis, the MEGAs Scenario A produces the highest generative effects as public investment
is concentrated in the largest metropolitan areas with the highest productivity. As expected, the
Regions Scenario C scores last as subsidies are directed primarily at peripheral regions with low
productivity. The Cities Scenario B takes a middle position.

The table also shows that for all scenarios a general slowing down of material economic growth is
projected in the period between 2013 and 2051. This is in line with the assumptions for the whole
of Europe in Table 2 based on the conviction based on the recent report to the Club of Rome
(Randers, 2012) that exponential economic growth cannot continue forever, in particular not in
the more economically advanced and more affluent continents.

Table 3. Development of GDP and GDP per capita by period: average annual change (%)

GDP GDP per capita
Period
Base A B C Base A B C
1981-2007 +2.43 +2.43 +2.43 +2.43 +2.15 +2.15 +2.15 +2.15
2007-2013 -1.21 -1.21 -1.21 -1.21 -1.65 -1.65 -1.65 -1.65
2013-2031 +2.22 +2.33 +2.28 +2.24 +1.84 +1.95 +1.89 +1.85
2031-2051 +0.95 +0.97 +0.97 +0.96 +1.08 +1.10 +1.09 +1.08
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Figure 14.

Baseline Scenario:
Accessibility road/rail
to GDP 2051

Regional level: NUTS3
Source: S&W (2013)
Origin of data: SASI model 2013
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Figure 15. Scenario A:
Accessibility road/rail
to GDP 2051

Regional level: NUTS3
Source: S&W (2013)
Origin of data: SASI model 2013
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Figure 16. Scenario B:
Accessibility road/rail
to GDP 2051

Regional level: NUTS3
Source: S&W (2013)
Origin of data: SASI model 2013
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Figure 17. Scenario C:
Accessibility road/rail
to GDP 2051
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Regional level: NUTS3
Source: S&W (2013)
Origin of data: SASI model 2013
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The maps in Figures 18-22 show the spatial distribution of the economic growth projections
summarised in Table 3.

The map in Figure 18 visualises the spatial dynamics of economic development in the European
territory projected in the SASI Baseline Scenario. According to this optimistic perspective, the
catching-up process of the new EU member states in central and eastern Europe will continue,
though with lower speed as before the economic crisis. In particular the Baltic States, Estonia,
Latvia and Lithuania, and Romania and Bulgaria are expected to significantly improve their eco-
nomic situation compared to the northern, western and even central European member states.

Figure 18.

Baseline Scenario:
Mean annual change
of GDP 2011-2051
(% p.a)

|ouadeloupe |Martinique | Reunion

Regional level: NUTS3
Source: S&W (2013)
Origin of data: SASI model 2013
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However, it has also kept in mind that even this catching up in relative terms will not fundamental-
ly change the existing economic decline from north to south and from west to east.

© S&W, ET2050, 2013

This is illustrated by the map in Figure 19 which shows the distribution of GDP per capita in the
Baseline Scenario in the year 2051. It can be seen that many regions in the new member states
that joined the European Union in 2004 and 2007, but also in parts of Portugal, Spain, southern
Italy and Greece, will still have a GDP per capita far below the European Union average

The map illustrates the sobering prospect that even in this optimistic scenario, in 2051, after forty
years of economic convergence, there will continue to exist a significant gap in income between
the prosperous old EU member states in western and northern Europe and the new member
states in eastern Europe, but also in parts of Portugal, Spain, southern Italy and Greece, even
though these regions will on average more than double their GDP per capita in these forty years
— a demonstration of the inherent long-term persistence of economic structures and the funda-
mental political challenge it represents for the European Union.

16
ESPON 2013



Territorial Scenarios and Visions for Europe (ET2050)

As expected, the pattern of GDP per capita in the western and northern Europe remains more or
less as today with higher GDP per capita in the economically more successful metropolitan areas
and capital cities and the traditional high values in Switzerland, Luxembourg and the north-
European countries Norway, Sweden and Denmark. It is remarkable that Ireland and Iceland
seem to have completely overcome their severe recessions.

The maps in Figures 20-22 show how GDP per capita in the three exploratory scenarios A, B and
C deviate from the Baseline Scenario in the year 2051. The three maps express the conceptual
intention behind the three scenarios:

- The MEGAs Scenario A (Figure 20) reinforces the already dominant position of the major met-
ropolitan areas in the 'Pentagon’ through GDP-oriented Structural Funds subsidies, high-speed
oriented transport network improvements and better links between long-distance and local
transport, such as better access to high-speed rail terminals. The new member states in east-
ern and southern Europe, except some of their capitals classified as MEGASs, lose most in
terms of GDP per capita compared with the Baseline Scenario, in the most severe cases more
than ten per cent. The already dominant largest metropolitan areas and their immediate sur-
roundings gain most, up to ten per cent compared with the Baseline Scenario. Whether this pol-
icy of making the strongest players even stronger will result in increased overall European
growth, as the Lisbon strategy claims, will be discussed below.

- The Cities Scenario B (Figure (21) emphasises the polycentric urban system of Europe already
proposed as desirable by the European Spatial Development Perspective of 1999 and further
articulated in the Territorial Agenda of 2007. It strengthens the position of large European cities
by education-oriented EU subsidies, medium-speed oriented transport network improvements
and better links between regional and local transport networks. This polycentricity orientation is
clearly reflected in the results shown in the map: The secondary cities selected as well as their
immediate hinterlands in both eastern and western Europe grow significantly faster than the
remaining regions. However, the imbalance between the affluent western and northern regions
in Europe and the disadvantaged regions in eastern and southern Europe which are not classi-
fied as secondary cities to be promoted remains. This imbalance is most visible in the growing
disparity between the promoted capitals and other large cities and other regions in the new
member states in eastern Europe. It becomes apparent here that polycentricity at the European
level tends to be in contradiction with polycentricity at the national or regional level. It will be
discussed below how the polycentric Cities Scenario B scores in terms of the EU goals of com-
petitiveness, territorial cohesion and sustainability compared to the MEGAs Scenario A and the
Regions Scenario C.

- The Regions Scenario C (Figure 22) strengthens the still economically lagging regions in east-
ern and southern Europe and so clearly pursues the territorial cohesion objective. As also in
this scenario the allocation of Structural Funds subsidies follows the inverse function of GDP
per capita (as in the Base Scenario), the results are similar to the Baseline Scenario in northern
and western Europe, but the promotion of rural and peripheral regions in the new member
states in eastern Europe and Portugal, Spain, southern Italy and Greece is stronger, as the
number of regions eligible for Structural Funds support is smaller, 355 compared to the total of
1,290 EU regions in the Baseline Scenario. But nearly all regions, except the MEGAs and sec-
ondary cities promoted in Scenarios A and B, benefit from the policies applied in the Regions
Scenario C, though only to a small degree. Whether the scenario really scores better in terms of
territorial cohesion and sustainability will be discussed below.

In summary, the economic impacts of the three exploratory spatial scenarios clearly reflect their
policy orientations and result in significantly different spatial futures of Europe. In how far these
differences will contribute to the achievement of the three overarching goals of the European Un-
ion, competitiveness, territorial cohesion and sustainability, will be discussed below.
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ESP

Figure 19.
Baseline Scenario:
GDP per capita
(1,000 Euro of 2010)
2051

Regional level: NUTS3
Source: S&W (201)3
Origin of data: SASI model 2013
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Figure 20. Scenario A:
Difference in GDP per
capita to Baseline
Scenario (%)

2051

Regional level: NUTS3
Source: S&W (2013)
Origin of data: SASI model 2013
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Figure 21. Scenario B:
Difference in GDP per
capita to Baseline
Scenario (%)

2051
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Regional level: NUTS-3
Source: S&W (201)
Origin of data: SASI model 2013
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Figure 22. Scenario C:
Difference in GDP per
capita to Baseline
Scenario (%)

2051

Regional level: NUTS-3
Source: S&W (201)
Origin of data: SASI model 2013
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6.3 Population

The maps in Figures 23-28 show the results of the Baseline Scenario and the exploratory scenar-
ios A, B and C with respect to population and net migration.

The map in Figure 23 visualises the spatial population dynamics in the European territory project-
ed by the SASI model. Despite the assumed continuing high total net migration of the European
Union, most European countries face declining populations, except the Nordic and Baltic coun-
tries, Great Britain and Ireland, the Benelux countries, France, Switzerland and Austria due to
their higher birth rates. This together with progressive ageing of the population will confront the
countries with declining populations with serious social problems. As assumed for the Baseline
Scenario, the total population of the European Union will peak with about 540 million people be-
tween 2030 and 2040 and decline to about 526 million in 2051.

The maps in Figures 24-27 show the spatial distribution of population in the Baseline Scenario
and the changes in population in the exploratory scenarios A, B and C. The differences between
the population distributions of the three exploratory scenarios and the Baseline Scenario are due
to the different degrees of attractiveness of cities and regions in the scenarios: In the MEGA or A
Scenario, the increased wage earning opportunities in the large metropolitan areas attract even
more job-seeking migrants both from within and outside the EU, creating stronger population de-
cline in the more peripheral both southern and eastern regions. In the Cities or B Scenario, the
pattern of attractor cities is more dispersed, but the depopulation trend in the peripheral regions
continues. Only in the Regions or C Scenario the trend is reversed, though not sufficiently to stop
the process of depopulation of peripheral regions.

Figure 23.

Baseline Scenario:
Mean annual change
of population
2011-2051

Regional level: NUTS-3
Source: S&W (2013)
Origin of data: SASI model 2013
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Figure 24.
Baseline Scenario:
Population density
(population/sgkm)
2051
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Regional level: NUTS-3
Source: S&W (2013)
Origin of data: SASI model 2013
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Figure 25. Scenario A:
Difference in population
to Baseline Scenario
(%) 2051.
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Figure 26. Scenario B:
Difference in population
to Baseline Scenario
(%) 2051.
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Regional level: NUTS-3
Source: S&W (2013)
Origin of data: SASI model 2013
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Figure 27. Scenario C:
Difference in population
to Baseline Scenario
(%) 2051.
Regional level: NUTS-3
Source: SEW (2013)

Origin of data: SASI model 2013
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The map in Figure 28 shows the migration component of the population dynamics. Because of
the assumed high total EU net migration, almost all regions have a positive migration balance, i.e.
they attract more immigrants than they lose outmigrants. It is also apparent that due to their
catching-up economically, even eastern and southern EU member states with below-average
GDP per capita have positive net migration balances as they attract immigrants from neighbour-
ing Asian and African countries. The main result is that the changes in population caused by im-
migration from outside the EU and inter-regional migration are small compared to the changes in
GDP per capita, indicating a general low degree of mobility in response to changing income op-
portunities.

Figure 28.
Cumulative
net migration
2011-2051 (%)

g

Regional level: NUTS-3
Source: S&W (2013)
Origin of data: SASI model 2013
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6.4 Transport

The transport submodel recently added to the SASI model predicts freight transport and person
travel and the energy consumption and CO, emission resulting from them. The maps in Figures
29-32 show CO; emission of transport as one of the sustainability indicators selected because of
its responsiveness to different spatial configurations. Here the effects of two drivers are visible:
The most affluent regions travel more and generate more freight traffic than the poorer peripheral
regions. On the other hand the peripheral regions have to make longer journeys and to ship their
goods over longer distances. This leads to higher emissions in the central regions and lower
emissions in the peripheral regions in Scenario A and to the reverse effect in the Scenario C, with
Scenario B taking a middle position.
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Figure 29.

Baseline Scenario:
CO; emission by
transport (t/capitaly)
2051

Regional level: NUTS3
Source: S&W (2013)
Origin of data: SASI model 2013

Bl 18- 20
I 16- 18
[ 14- 16
] 12- 14
[ ] 10- 12
[ ] 08- 10
[ ] 06- 08
[ ] 04- 06
[] 02- 04
I o0- 02 oq Beogead

Sarajevo

a

EUROPENAUMION

Parthy financed bythe European
Regional Dewelopmert Fund

| STING IN ¥OUR FUTURE

El-Jazair

Tounis

L Valletia

© S&W, ET2050, 2013

s

a sxém 3
|l

|canarias

|Guadeloupe |Martinique | Réunion

Guyane

[Madeira

lacores

This map does not
necessarily reflect the
opinion of the ESPON
Monitoring Committee

Ankara

w Nicosia

Figure 30. Scenario A:
Difference in CO,
emission by transport
to Baseline Scenario
(%) 2051

Regional level: NUTS-3
Source: S&W (2013)
Origin of data: SASI model 2013
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Figure 31. Scenario B:
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Figure 32. Scenario C:
Difference in CO,
emission by transport
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7. The SASI Scenario Variants

In addition to the Baseline Scenario and the exploratory scenarios A, B and C, nine scenario var-
iants in which the three exploratory scenarios were combined with alternative framework condi-
tions were tested with the SASI model:

1 Economic recession: Globalisation and growth of emerging economies lead to significant slow-
ing down of the growth of the European economy.

2 Technology advance: New innovations in labour productivity and transport technology result in
significant increases in labour and transport system productivity.

3 Energy/climate: Rising energy costs and/or greenhouse gas emission taxes lead to strong in-
creases of production and transport costs.

Table 4 shows combinations of the three exploratory scenarios and the three different framework

conditions resulting in nine scenario variants:

Table 4. Exploratory scenarios and their variants

Framework conditions
Spatial orientation
of the scenarios As in the 1 2 3
Baseline Economic Technology Energy/
Scenario recession advance climate
Promotion of metropolitan areas A Al A2 A3
Promotion of large European cities B Bl B2 B3
Promotion of peripheral regions C C1 Cc2 C3
Table 5 shows the assumptions made to specify the nine scenario variants.
Table 5. Assumptions for the scenario variants
Framework conditions
: Scenarios Scenarios Scenarios
Assumptions Baseline | A1,B1,C1 | A2,B2,C2 | A3, B3,C3
Scenario Economic | Technology Energy/
recession advance climate
Population 2051 (million) 542 542 542 542
GDP 2051 (billion Euro of 2010)1 23,253 16,722 23,253 23,253
GDP 2013-2051 (% p.a.)l +1.50 +0.62 +1.50 +1.50
GDP/worker 2051 (Euro of 2010)1 99,400 99,400 145,500 99,400
GDP/worker 2013-2051 (% p.a.)l +0.94 +0.94 +1.94 +0.94
Energy efficiency of transport (% p.a.) +0.45 +0.45 +0.75 +0.45
EU Subsidies (% of GDP) 0.4 0.4 0.4 0.4
Fuel pricellitre (Euro of 2010 per litre) 3.00 3.00 3.00 10,20
Fuel price 2013-2051 (% p.a.) +1.50 +1.50 +1.50 +5.00

! without generative effects
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1 Economic recession: It is assumed that in Scenarios Al, B1 and C1 total GDP of EU31 grows
by only 0.62 per cent p.a. on average between 2011 and 2051 compared to 1.50 per cent in
the Baseline. Also here it is assumed that growth rates will gradually decrease after 2030.

2 Technological advance: It is assumed that in Scenarios A2, B2 and C2 labour productivity, i.e.
GDP per worker, grows by 1.94 per cent p.a. on average between 2013 and 2051 compared to
0.94 per cent in the Baseline Scenario. It is assumed that productivity will gradually converge
between countries towards 2051.

3 Energy/climate: Rising energy costs and greenhouse gas emission taxes lead to strong in-
creases of production and transport costs. It assumed that in Scenarios A3, B3 and C3 fuel
costs of road vehicles will increase by 5 per cent p.a. on average between 2013 and 2051
compared to 1.50 per cent in the Baseline Scenario. This will result in an average fuel price of
10.20 Euro of 2010 in 2051 compared with 3.00 Euro in the Baseline Scenario. Energy cost of
rail transport is assumed to increase by 2 per cent p.a. between 2013 and 2051.

8. Results of the Scenario Variants

Figures 33-41 on the following pages show selected results of the SASI scenario variants com-
pared with the Baseline Scenario and the exploratory scenarios A, B and C. Because of the num-
ber of variants, no maps of results for regions in individual variants can be shown. Instead time-
series diagrams showing all scenarios and their variants together are used. Each diagram shows
trajectories of all 13 scenarios (Baseline Scenario, A, Al, A2, A3, B, B1, B2, B3, C, C1, C2, C3)
as coloured lines each representing one scenario. The heavy black line represents the develop-
ment in the Baseline Scenario. The thinner coloured lines represent the exploratory scenarios
and their variants in blue (A scenarios), red (B scenarios) and green (C scenarios).

Figure 33 shows the average development of multimodal accessibility (road/rail) of the NUTS-3
regions in the 13 scenarios. Clearly the significant increase of accessibility due to transport net-
work investments, faster trains and shorter border waiting times through European integration
and the Schengen accord becomes visible. After 2016 the exploratory scenarios and their vari-
ants depart from the Baseline Scenario leading to the differences in accessibility shown in the
maps of Figures 15-17. The exploratory scenarios A, B and C and their variants Al, A2, B1, B2
and C1 and C2 show increased average accessibility. In particular the A scenarios with their
massive extension of high-speed rail lines serving the major corridors, achieve the largest gain in
overall accessibility, with the B and C scenarios following. However, the strong price increases in
the energy and climate scenarios A3, B3 and C3 lead to large reductions of accessibility.

Figure 34 shows the development of average GDP per capita (in Euro of 2010) of NUTS-3 re-
gions over time. To better understand why even in 2051 the regions in eastern and southern Eu-
rope continue to lag behind, average GDP per capita in the old EU member states in western and
northern Europe (EU15) and the new EU member states (EU12) in eastern Europe (EU12) are
shown separately. It is apparent that although the regions in EU12 grow faster in relative terms,
they grow less in absolute terms so that the gap between EU15 and EU12 continues to grow.
Scenarios A2, B2 and C2 with accelerated technological innovation lead to economic growth,
whereas Scenarios Al, B1 and C1 for which economic recession is assumed fall behind. The
exploratory scenarios A, B and C and Scenarios A3, B3 and C3 with significant price increase
due to energy scarcity and climate change remain in a middle course. In all three groups of sce-
narios the effects of the assumed declining growth rates towards 2050 can be observed.

The situation is different with labour productivity (Figure 35), which is determined endogenously
from productivity growth in previous years except in the technological innovation scenarios A2, B2
and C2. Here only the technological innovation scenarios stand out.
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What the trajectories presented so far do not show is whether spatial development in Europe in
the next decades will lead to further convergence of economic conditions or, after the recent eco-
nomic crisis, to economic divergence.

This is analysed by the two most common indicators of spatial cohesion, the coefficient of varia-
tion of GDP per capita in Figure 36 and the Gini index of GDP per capita in Figure 37. Both indi-
ces measure the degree of disparities between objects of observation, in this case 1,347 NUTS-3
regions of the ESPON Space. The higher the indicator values, the greater are the disparities.

The figures show that, according to the SASI model, convergence in economic development be-
tween regions in Europe indeed comes to a halt during the economic crisis but that after the crisis
convergence continues, though more slowly than before the crisis. The reason is that in most new
member states in eastern and southern Europe technology, i.e. labour productivity, will continue
to catch up with that in the more advanced member states in western and northern Europe, alt-
hough not as fast as in the years 1991-2011 after the fall of the Iron Curtain. Convergence con-
tinues in all scenarios. It is fastest in the Cities and Regions scenarios, in particular in the Tech-
nology Advance Scenarios B2 and C2. As to be expected, convergence is weakest in the MEGAs
or A scenarios and even changes into divergence at the end of the forecasting period.
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A final level of analysis addresses polycentricity, the stated goal of the European Spatial Devel-
opment Perspective of 1999 and the Territorial Agenda of 2007. Figures 35 and 36 show national
polycentricity calculated with the Polycentricity Index developed in ESPON 1.1.1. The index goes
beyond conventional measures of polycentricity by considering three dimensions of polycentricity
(see ESPON 1.1.1, 2005, 60-84):

(1) Size: Population and GDP: not one too dominant city,
(2) Location: Service areas: as equal as possible and
(3) Connectivity: Accessibility: also secondary cities

Figures 38 and 39 show that there are great differences in the development of polycentricity be-
tween western and eastern Europe. While only small changes are observed in EU15 (Figure 38),
polycentricity in the new member states of eastern Europe (EU12) declines dramatically because
of the massive concentration of population and economic activity in their capital cities (Figure 39).
The exploratory scenarios A and B and the economic decline and technological advance scenari-
0s Al, A2, B1 and B2 reduce polycentricity in these countries, whereas the energy/climate sce-
narios A3, B3 and C3, which make long distances less affordable, and all C scenarios, which
promote decentralisation, improve polycentricity.
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The diagrams in Figures 40 and 41 show energy consumption and CO, emission of transport as
possible indicators of the sustainability of the scenarios.

Figure 40 shows the vast difference in energy consumption per capita between road and rail
transport. This is due to much larger share of road transport (see Figure 6) but also to the superi-
or energy efficiency of rail (see Figure 8). The figure also shows the growth in energy consump-
tion of road transport in the past due to rising transport volumes (see Figure 6) and the assumed
stabilisation of energy consumption of road transport due to expected further increases of energy
efficiency (see Figure 8). It is also apparent that the three exploratory scenarios lead to more
traffic and hence more energy consumption, whereas the technologyl advance scenarios A2, B2
and C2 and the energy/climate scenarios A3, B3 and C3 lead to lower energy use per capita.

Figure 41 shows that this, in conjunction with a growing share of renewable energy leads to a
reversal of the past trend of growing CO, emission of transport. By far the greatest energy saving
effect have the fuel price increases in the energy/climate scenarios A3, B3 and C3 leading to less
travel and goods transport by road and a decrease of CO, emission of transport by 50 per cent
compared to 1990.
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9. Sensitivity Analysis

The simulation results presented on the previous pages present an optimistic view of the future of
the European project. It is built on the lessons from the past crisis and the confidence that effi-
cient regulation of financial markets plus continuing solidarity transfers between EU member
states will prevent a prolongation of the crisis. This implies the assumption that after the crisis
traditional drivers of economic development, innovation, technological advance and hence
productivity growth, will become again dominant. In addition, it is assumed that, as the majority of
economists agree, through globalisation, free trade and open markets existing differences in
productivity between countries are likely to converge — asymptotically, i.e. with decreasing speed
as productivity becomes more similar.

To guard the simulations against possible doubts whether the assumptions about the future
growth and convergence of productivity may be too optimistic, a sensitivity analysis was per-
formed how the model results would be affected by more conservative assumptions about
productivity convergence.

Figure 42 shows one example of several variants examined. In this example an additional Sce-
nario 03 was simulated, in which productivity (GDP per worker) was assumed to converge only
little. Advanced technologies remain concentrated in the technologically more advanced northern
and western (EU15) countries with the effect of faster rising productivity there, whereas in the
less advanced countries in central and eastern Europe (EU12) productivity is growing less. The
heavy grey lines show the development of productivity in EU15 and EU12, respectively, com-
pared with that in the other scenarios and scenario variants.
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Figures 43 and 44 show the impacts of the slower convergence of productivity. As to be ex-
pected, GDP per capita grows faster in the EU15 countries and more slowly in the EU12 coun-
tries, and this has negative consequences on territorial cohesion, as the Gini coefficient shows.
What is more disturbing is that the absolute gap in GDP income or per capita (the grey area in
Figure 43), which already grows with the more optimistic assumption about productivity conver-
gence, opens up even more widely. This was the reason why the assumptions about productivity
convergence were left unchanged.
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9. Conclusions

To summarise the results of the scenario simulations, relevant indicators of all scenarios relating
to the EU goals competitiveness, cohesion and sustainability are compared in Table 6.

Obviously the comparison can only be performed within each group of framework conditions as
the interest lies primarily in the impacts of EU spatial policies, i.e. subsidies and transport policies.
But it is remarkable that the differences in competitiveness and cohesion are much larger be-
tween the different framework conditions than between the different spatial policies. The spatial
policies of the EU investigated make a difference of not more than 1.5 to 2.0 per cent of average
GDP per capita per year. If one considers that this amounts to between 600 and 1,100 Euro per
capita per year that may not be totally irrelevant. But, as the relatively low cohesion indicator
shows, these benefits will not be distributed evenly but may be much larger in the regions being
promoted and much lower in the remaining regions.
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The comparison of indicators with respect to the three goals competitiveness, cohesion and sus-
tainability within each group of framework conditions gives a straightforward result:

- Competitiveness: In each group the A scenarios (MEGAS) produce the largest generative ef-
fects in terms of GDP (the table cells shaded in blue). The C scenarios (Regions) perform worst
in terms of overall European growth, and the B scenarios (Cities) lie in between.

- Cohesion: The performance of the scenarios in terms of cohesion is the opposite: The C sce-
narios (Regions) are more successful in cohesion and polycentricity (the table cells shaded in
green), the A scenarios (MEGAS) score worst, and the B scenarios (Cities) lie in between.

- Sustainability: With respect to sustainability of transport, the B scenarios (Cities) are most suc-
cessful (the table cells shaded in red). Under all framework conditions the A scenarios (MEGAS)
and the C scenarios (Regions) use more energy for transport and produce more CO, emission

of transport.

Table 6. Summary of SASI scenario results

Competitiveness Cohesion Sustainability
S . GDP/capita [ Change in | Coefficient National Energy use |CO, emission
cenario (Euro GDP/capita | of variation | polycen- | of transport | by transport
of 2010) 2013-2051 | GDP/capita tricity (MJ/capitaly)| (t/capitaly)
2051 % p.a. 2051 2051 2051 2051
Baseline 42,897 +1.43 50.3 65.1 32.2 131
MEGAs A 54.4 62.1 36.0 1.46
Cities B 50.7 65.2
Regions C

Economic Al
recession g1

C1
[Technology A2
advance B2
Cc2
Energy/ A3
climate B3

The simulated economic development over time (Figures 34 and 35) supports the hypothesis that
the forces moving towards economic convergence are robust and will remain in effect after the
economic crisis under a wide range of framework conditions. However, they will not be strong
enough to remove the gap in income between the prosperous old member states in western and
northern Europe and the economically lagging new member states in eastern and southern Eu-
rope (Figures 36 and 37). In this respect the A scenarios (MEGAS) performs worst and the C
scenarios (Regions) best, with the B scenarios (Cities) in between.

The same holds for polycentricity at the national level, with remarkable differences between the
old and new member states (Figures 38 and 39). In the old member states in western and north-
ern Europe the impacts are modest, but in the new member states in eastern Europe they are
large because of the growing centralisation of economic activities in their capital cities. As ex-
pected, the A scenarios and B scenarios lead to more spatial polarisation, except the ener-
gy/climate variants A3 and B3, whereas all C scenarios lead to more polycentricity.
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In terms of sustainability all scenarios reflect the positive effects of rising energy efficiency and
rising shares of renewable energy. But the most important message is that the political targets of
the European Union and national governments to reduce CO, emission of transport can only be
achieved if transport, in particular road transport, becomes more expensive, be it by rising energy
prices, user fees or taxation. Under all framework conditions the B scenarios are more successful
in reducing energy consumption and CO, emission of transport than the A and C scenarios.

In summary the scenario simulations point to the great importance of the framework conditions
and policy scenarios in which the spatial scenarios are embedded. But within those contexts they
confirm the importance of which regions are promoted with priority:

- Promotion of large metropolitan areas will maximise economic growth but increase spatial dis-
parities and environmental damage.

- Promotion of rural and peripheral regions will increase spatial cohesion but reduce economic
growth and sustainability.

- Promotion of large and medium-sized cities is a rational trade-off between competitiveness and
cohesion and will be most successful in terms of sustainability.

This is one of the first studies confirming the claim of the European Spatial Development Per-
spective (ESDP) and the Territorial Agenda 2020 that a polycentric spatial system of Europe
would comply in a balanced way with the three major goals of the European Union, competitive-
ness, cohesion and sustainability.

These results strongly support the promotion of a balanced polycentric spatial organisation as
proposed by the European Spatial Development Perspective and the Territorial Agenda and sug-
gest to take the B scenarios (Cities) as point of departure for the Territorial Vision.

A Territorial Vision for the European Union along these lines would be a unique and future-
oriented alternative to the wold-wide mainstream towards mega cities and ever more material
growth, resource use and exploitation of the environment.

10. Further Research

Every modelling exercise is permanent work in progress Therefore the SASI team looks forward
to using the experience of the ET2050 model application as a lesson to think about further model
extensions and refinements. There are many possibilities of complementing and improvement of
the SASI model. Only few can be listed here:

(1) The collaboration with the authors of the MULTIPOLES model showed the utmost importance
of the assumptions about future migration both into and out of the EU and inter-regional with-
in the EU. This suggests to replace the current net migration submodel of SASI by the migra-
tion flow submodel developed in the ESPON Preparatory Study on the Feasibility of Flows
Analysis (ESPON 1.4.4, 2007). This would include the explicit modelling of the barriers to
immigration executed by many countries.

(2) The collaboration with the authors of the MASST model taught the lesson that national poli-
cies are as least as important for the spatial development of Europe as European policies.
This suggests to think about ways to incorporate into the SASI model assumptions about fis-
cal, regulatory and spatial policies.

(3) The scenarios presented so far differ only in two types of policies, EU regional policy subsi-
dies and transport policies, with everything else kept the same as in the Baseline Scenario.
But there are other possible futures that may have a significant impact on the performance of
the European spatial system, such as new social movements and new life styles.
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(4) In the energy and climate scenarios so far only transport prices were increased. It might be
tested whether also generally rising energy costs and renewable energy aspects and building
energy might be considered.

(5) It might also be worthwhile to explore the impact of assumptions about the growth and de-
cline of specific economic sectors beyond the six sectors agriculture, manufacturing, con-
struction, trade/tourism/transport, financial services and other services presently addressed
in the SASI model.

(6) The work in the project revealed that the selection of secondary cities for the Cities (B) sce-
narios needs to be re-examined, in particular with respect to the representation of second-
level cities in some of the new member states, such as Hungary, Estonia and Lithuania.

(7) In addition results for the Western Balkan countries Albania, Bosnia and Herzegovina, Croa-
tia, Kosovo, Macedonia, Montenegro and Serbia, including the new EU member state Croa-
tia, which are part of the total model region, might be included in the published results.
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