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1 ABSTRACT

Cities are the largest emitters of greenhouse gidmsesgh heating, air conditioning, manufacturingd a
transport and because of their high density pdaityuvulnerable to impacts of climate change lilaods,
droughts, storms or heat waves. Cities therefag @alcentral role in mitigation of and adaptatiorclimate
change. However, current policy responses tenadosf on small-scale adaptation measures and toeigno
more radical, less popular policies to achievediimaate protection objectives of the Federal Goxsgnt
and the European Union.

With a population of more than five million, the Ruarea is one of the largest urban agglomerations
Europe. Through its industrial past and polycenirizan system it has the potential for spatial greent
with little land consumption, small energy use ahaort travel distances. To explore the long-termionog

for mitigation of and adaptation to climate chamgéhe Ruhr area, an existing simulation model rdfan
land use, mobility and environment is being extenhtieexplore the impacts of policies from the feelof
land use and transport planning on greenhouse miéssiens, the environment, economy, mobility and
quality of life in the Ruhr area. The paper preseéhé model under development.

2 INTRODUCTION

Twenty percent of mankind command eighty percenthefworld's wealth and are responsible for eighty
percent of energy use and greenhouse gas emis3ioigsinequality is growing. Since the 1970s, tlee-p
capita income of the industrialised countries hiamsvg by a factor of ten, whereas that of the dgvelp
countries has only tripled. But another multiplioatof production, consumption and resource ugbefich
countries as in the last thirty years would exddedresources of the earth. Today it is foresedahblef the
energy consumption of the world continues to grewnathe past, the known deposits of fossil fuels ve
exhausted before the end of this century. If, haxewne adds the growing energy demands of Brazil,
China, India and Russia, they will already be dejplén a few decades.

However, only few politicians and scientists aneaesly taking account of this situation. Only feauntries
meet the target set by the United Nations to sfiengercent of their national product on developinaaah.
Mainstream neo-liberal economic theory continuepubits stakes on further deregulation of inteovel
trade and unconstrained economic growth. Thereviatgally no theories, concepts or visions of how a
sustainable economic order might be developed witbontinued material growth in the richest cowgsri

Warning signals that the era of unlimted growtlal®ut to end are mounting. In July of 2008 thegyot
crude oil rose to almost 150 US $ per barrel. Outhe recent world-wide financial and economicisris
went back to below 40 US $ per barrel and has sisea again to more than 100 US $. Most expelisvee
that, because of the final depletion of oil resesroof political instability in the Middle East aod rising
demand of fast growing developing countries, oll ontinue to become more expensive. Similar tseaic
to be expected for other raw materials.

Closely related to this are the challenges of dérmzhange. Climate researchers agree that antteomog
greenhouse gas emissions contribute significaatiyldbal warming and that to avoid the worst imgtions

of global warming a reduction of greenhouse gasssioms by fifty percent world-wide is necessarye Th
question is how this reduction is to be achieved. demand that all countries equally reduce their
greenhouse gas emissions, would prevent the leastiaped countries from advancing their economies.
Figure 1 shows CPemissions per capita per year in 1990 and 2007aoed to the COemissions con-
sidered as climate-neutral (2 t per capita per)ydtabecomes apparent that countries like the édhBtates

or Canada need to reduce their gissions by 90 percent, most European countgieB0bpercent and
China by 50 percent in order to allow developingrides like India, Bangladesh or Rwanda to cafelinu
economic development.

ProceedingREAL CORP 2011 Tagungsband ISBN:  978-3-9503110-0-6 (CD-ROM); ISBN: 978-3-9508%1-3 (Print) m
18-20 May 2011, Essen. http://www.corp.at Editors: Manfred SCHRENK, Vasily V. POPOVICH, Peter ZEILE



Cities and Climate Change: A Simulation Model for Bhér Area 2050

sA I e
Australia 17.9
Canada = l 16.9
Finland 12.1
Russia 10 8
Netherlands 10 5
Japan
Germany
United Kingdom
France
Switzerland 1990
China 2007
India - Climate neutral
Bangladesh (2 t per capita)
Rwanda

Figure 1 CQ emissions per capita per year (t) 1990-2007 (CDI2G10)

The growing awareness of the seriousness of théenga has led to the proclamation of ambitious
greenhouse gas emission targets. In March 2007:théeads of state signed a resolution to achiéve 2
percent less energy consumption, 20 percent rerlevealergy and 20 percent less #nissions compared
to 1990 by 2020, and 30 percent less, @issions if other industrial countries join. lugust 2007 the
German government adopted the goal to reducedd@ssions by 40 percent until 2020. At the G8 sitmm
in L'Aquila in 2009 the EU joined the resolutioraththe industrialised countries of the world nesdeduce
their greenhouse gas emissions by 80 percent 2060 compared to 1990. To achieve these targets wil
have significant consequences for the spatial dgveént of regions and cities in Europe.

3 OBJECTIVES

The proposed project aims at the development aplicapon of an integrated model system to asseds a
evaluate the impacts of policies to mitigate cliemahange and to adapt to impacts of climate changes
longer avoidable in urban regions using the Ruba as a case study region.

The Ruhr area is of particular interest as a cas®ysegion. With a population of more than fivdlion, it

is one of the largest urban agglomerations in Eeirfopt lacks a singular dominant metropolitan centre
Through its industrial past and its historicallypgn polycentric urban system it has a particuldepiial to
convert former industrial sites to high densityxed-used developments with little land consumptgmall
energy use and short travel distances.

Current policy responses to climate change focusnuaill-scale measures of adaptation to impactroate
change no longer avoidable and tend to ignore sacgsneasures to mitigate still avoidable climdtenge
and achieve the climate protection objectives effederal Government and the European Union. Abteta
exception is the InnovationCity Ruhr, an ambitipusject of major industrial companies of the Rutgaato
develop a low-carbon model city in Bottrop in thestern Ruhr area (Iniativkreis Ruhr, 2011).

In the proposed project a simulation model of urlzard use, mobility and environment developed at th
Institute of Spatial Planning of the University Dbrtmund is to be extended to predict the impadts o
policies for the mitigation of and the adaptationctimate change from the fields of land use aaddport
planning on the environment, economy, mobility guodlity of life in all cities of the Ruhr area ur2i050.
The model is to be used to simulate and evalua@asscenarios which differ in their assumptiobh®w
avoidable and unavoidable climate changes andfféet& on spatial structures, on the economic dmrdi

of households as well as on traffic and transpgpdssible combinations of policies to achievedlmmate
protection targets of the Federal Government aedEtiropean Union and to adapt the region to nodiong
avoidable climate changes.
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4 STATE OF THE ART

The foreseeable impacts of climate change areia tdpesearch since the 1970s. Already in 199&ree
the United Nations Conference on Environment angeld@ment in Rio de Janeiro, the Federal Government
established the Scientific Council for Global Evimental Change (WBGU). In the same year the Potsda
Institute for Climate Impact Research (PIK) wasnded. With the United Nations Fourth Assessment
Report (AR4) of the Intergovernmental Panel on @tenChange of 2007 (IPCC, 2007) a wider public
became aware that significant climate changeslaiditmpacts, such as floods, storms or heat waxes0
longer avoidable. And it has become obvious thattfe mitigation of even worse impacts the emissioh
greenhouse gases in the richest countries of thiel weed to be reduced by 80 percent.

The consequence of this change of awareness hasabgewth in scientific attention also for the tiga
impacts of climate change. There exist now humestudies on the impacts of different climate sciesar
on regional risks of floods, heat waves or charigegegetation and biodiversity (EEA, 2003; UBA, 200
UBA/PIK, 2005; ESPON 1.3.1, 2006; BMU, 2007; Beidgnklein und Foken, 2008; BUND, 2008; Heiland
et al., 2008; IfR, 2008). There are also first sadbout possible measures to adapt to these ehiamgstly

in the form of policy recommendations (Baumdiller &t, 1993; UBA/PIK, 2005; Fleischhauer and
Bornefeld, 2006; ARL, 2007; Ritter, 2007; Bartolomet al., 2007; BMU, 2007; European Commission,
2007; Stern et al., 2006; BUND, 2008; IfR, 2008; NILY, 2010; Stadt Dortmund, 2011).

However, only few of these policy recommendatioresaddressed to cities, and these are usuallyelihtd
recommendations for short-term adaptation measitigiation policies tend to be treated only in gead
terms. What is missing are impact analyses anadste which — as far as possible with present kexbyd —
quantify the likely impacts of the proposed andeotpolicies from the fields of land use and tramspo
planning on the reduction of energy consumption gngenhouse gas emissions and the impacts of
unavoidable climate change and the price in terfmgeoessary investments and losses in consumption a
mobility that would have to be paid. Also missirrg forecasts of possible indirect impacts, suchasitive

or negative synergies of different types of policisuch as fiscal, legal or planning policies, whether
policies reinforce, complement, substitute or cetaxtt each other.

Other European countries are more advanced imahjgect. One example for this is the Cities Prognarof

the Tyndall Centre for Climate Change Researchhi Wnited Kingdom (Dawson et al., 2009). The
objective of the programme is to develop a modstesy to simulate the impacts of climate changetiesc

and compare alternative mitigation and adaptatieasures. Th&rban Integrated Assessment Framework
under development will predict the analysis of gdtion and adaptation measures, such as taxes, fees
emission permits, high-density mixed-used develagmdand use restrictions, infrastructure investise
alternative fuels, travel demand management, fl@ention basins, heat insulation of buildings amate
energy-efficient vehicles in a unified model franoeku

5 THE MODEL

The model to be used in the planned project isrttegrated land-use and transport model developétka
Institute of Spatial Planning of the University @brtmund (Wegener, 2001) and has been applied imyma
EU and national projects, such as PROPOLIS (Laettsb., 2004), ILS NRW (2005), STEPs (Fiorello kt a
2006) and Huber et al. (2007). The model contaism®dels of household development, public and @iva
construction, the regional labour and housing ntarked a detailed regional transport model. It iotedor
each simulation period intraregional location decis of industry, residential developers and hoakish
the resulting migration and travel patterns, cardion activity and land use development and theaicts of
public policies in the fields of industrial devetopnt, housing, public facilities and transport.

The present study area of the IRPUD model is tharuregion of Dortmund in the eastern Ruhr areh wait
population of 2.3 million. The study area of tharpied project will be the whole Ruhr area, i.e.tdmgtory

of the Regional Association Ruhr (RVR). Figure 2wh the present study area, the eastern Ruhr iarea (
yellow) and the planned study area, the territdrjhe Regional Association Ruhr (in grey). For mitdg
land use and transport in the extended study treatudy area will be subdivided into about 600emoand
for the environment models into raster cells of XI@M m size. A larger area including major partfNofth
Rhine-Westphalia will be considered as externakgon
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Fig. 2: Study area: the Ruhr area.

The IRPUD model will be integrated with high-redain submodels of environmental impacts of land use
and transport so that it predicts not only envirental impacts but also their effects on the locatio
decisions of households and firms. The environnémiaact submodels needed are partly already daila
(air quality, traffic noise, biodiversity), and Wwipartly have to be developed (building energy,cpss
energy, solar energy and wind energy, floods, ieaes). Figure 3 summarises the interactions betwese
urban environment and urban land use and transfassified under the headingsreourcesemissionsand
exposurgSpiekermann and Wegener, 2008).
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Fig. 3: Interactions between urban land use, traigmnd the environment.

For the new environmental model components datatakater, topography, wind, buildings, land coverag
and vegetation will be required. The extensiorhefnodel to include the whole Ruhr area will regulata
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about households, residential and non-residentigldibgs, public education and health facilitiesdan
transport networks also for the western part of Rudr area. The extended transport network data are
already available from another research projectB(S2011). Based on the extended network data a
prototype of the extened transport submodel isdir@perational.

The model system will then be applied to simulgtatisal scenarios. The scenarios will differ by thei
assumptions about climate change and the resuitipgcts as well as possible combinations of Eunopea
national, regional and local measures to mitigdimate change and to adapt the region to no longer
avoidable impacts of climate change. A simulaticergario will be a combination of a regional climate
scenario with one or more policies from the fieddsconomic promotion, land use planning, infrastinee
investment, transport planning, or policies to rinddise external costs of energy consumption, agka
carbon tax, fuel taxes or road pricing.

Target year of the simulations will be the year@0Bhe model will produce for each scenario andefich
year of the simulation detailed information abdwt spatial development of population, work pladasd
use and buildings, the number of trips by trauekti distance and mode and environmental impadesms

of energy consumption, greenhouse gas emissionsquality, traffic noise, loss of open space and
biodiversity, flood risk and heat islands.

6 RESULTS
The project will give answers to the following gtiess:

* What would be the impacts of regional climate sgesafor the Ruhr area without mitigation and
adaptation measures on environment, economy, riyobitd quality of life in the Ruhr area?

« What would be the impacts of fiscal, legal, andnplag mitigation and adaptation policies at
European, national, regional and local level oriremment, economy, mobility and quality of life in
the Ruhr area?

* Which positive and negative synergies would exetiMeen fiscal, legal and planning measures at
European, national, regional and local level, ieésth measures were combined in integrated
strategies?

* Which integrated strategies need to be implemeait&diropean, national, regional and local level to
achieve the climate protection targets of the Fd@overnment and the European Union?

The results of selected scenarios will be presemteshsy to understand visual form and used to ditate
recommendations for policy action.
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