reviewed paper

The riddled city — where demographic change adds tihe woes of urban sprawl

Stefan Fina, Stefan Siedentop

(Dipl.-Geogr. Stefan Fina, Institute for Regiona\@lopment Planning, Pfaffenwaldring 7, D-70569tt§art, ireus@ireus.uni-
stuttgart.de)
(Prof. Dr.-Ing. Stefan Siedentop, Institute for Regl Development Planning, Pfaffenwaldring 7, 0680 Stuttgart,
ireus@ireus.uni-stuttgart.de)

1 ABSTRACT

International research on sustainable urban dex@aplargely focuses on negative growth-relatecetsp
known as urban sprawl. However, the realities ohagraphic change in the Western world are incrgasin
working against the forces of growth, and many orégeas are going to be or already exposed totoed

of decline. If current population projections hatde, the maintenance of urbanity, quality of urbiésmand
infrastructure efficiency will be a major challenfpg generations to come. The purpose of this papty
introduce methods and procedures to monitor theadinpf demographic change on urban systems in Ger-
many. We especially focus on cost implications efmdgraphically driven changes of urban land use and
urban form. The paper presents indicator implentemis for land use, population, and housing datdeo-

tify where cities are already affected. In additidriooks at disaggregated projections on popaitathous-

ing, and infrastructure to identify future problereas. Put into the context of urban sprawl dynarttiat

we presented in earlier contributions, the requitsvide valuable information on long-term sustalagtian-
ning directions.

2 INTRODUCTION

There is widespread agreement that urban land atserps and the cost for providing neighbourhood an
community services such as roads, public transpater supply, sewer disposal and schools are lglose
interlinked. Urban sprawl characterized by low digndevelopment, large outward expansion and aftegp
growth pattern raised suspicion of producing mughér infrastructure expenditures compared to apaan
urban form. The way our cities and metropolitaraargrow obviously influences the efficiency of pabl
infrastructure.

Given the fact that most developed countries amdlyeall developing countries are still experiengpopu-
lation growth and expanding land and infrastructugeds, it is not surprising that previous researclhe
cost of urban sprawl has always been conducted fhenperspective of growth. The majority of avaiab
cost-of-sprawl studies intend to show that subgthimtfrastructure cost savings can be achievethbreas-

ing urban densities and locating new developmeat tw existing built-up areas. However, more andeano
European regions are already facing populationime@ccompanied by housing and infrastructure over-
capacities. Does the problem of sprawl come towéhtthe end of urban growth?

Based on recent empirical work in this field, wdidoge that urban sprawl, its main physical featyessl its
negative outcomes on the efficiency of urban inftecdure systems are not merely a by-product oainirb
growth. Quite the contrary, in the absence of &acafe land use management, future demographilingec
could lead to a costly “shrinkage sprawl” (see €ablsee also Siedentop/Fina 2009 and Nuissl/Ri0KR
Recent experience in Germany demonstrates thalegbeease of population densities and the increrhenta
perforation of urbanized areas (as brownfield landnderutilized urban areas) are strongly linkeith \&d-
ditional costs due to inefficient infrastructureeogtion grades: fewer residents have to pay marever-
sized facilities.

The purpose of this paper is to introduce methadb rocedures to monitor the impact of demographic
change on urban development in Germany. It presedisator implementations for land use, population
and housing data to identify where cities are dyeaffected. In addition, it looks at disaggregapedjec-
tions on population, housing, and infrastructureemtify future problem areas. Put into the conhtghxurban
sprawl dynamics that we presented in earlier coations, the results provide valuable informationiang-
term sustainable planning directions.

3 EMPIRICAL EVIDENCE ON THE COST OF SPRAWL

Following the general concern over urban sprawlismdlleged environmental and social implicaticihg
literature on the relationship between infrastreetoost and urban form has grown rapidly duringghst
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decade. Most of these studies suggest that lowitgeterelopment is costly and inefficient in terwfscon-
structing, operating and maintaining network-redatechnical infrastructures. Based on empiricaécstad-
ies as well as modelling studies researchers fdahatd per-capita infrastructure costs are signifilyaaf-
fected by the type, form and location of residérdiad commercial development. Three key attributies
urban form on different spatial scales can be a@ with a view to per-capita or per-unit costprofvid-

ing infrastructure services.
. LT !...:._
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Key issues “(historical) Compact City” ~Growth Sprawl* ~Shrinkage Sprawl!”
Development stage until 1960 1960 — 2000 from 2000
Population growth moderate/high high negative
Dominating growth pattern concentric leap-frogging

Urban form compact dispersed highly dispersed
Urban density high moderate/low low
Centrality monocentric polycentric/dispersed none
Infrastructure efficiency high moderate/low low

Table 1: Shrinkage sprawl as a stage in urban &rotution

First, at the neighbourhood level the residentalgity is directly linked with the expenditure ogighbour-
hood infrastructure: the higher the density thedptte per capita length of residential roads, nditgribu-
tion lines or sewer collection lines (Ecoplan 20D@ubek/Zanetti 1999). Secondly, at the subregitenad!
the spatial arrangement of development, espediadlydegree of centralization and contiguousnedmuittt
up areas is of particular importance. In compaghtiguous patterns, infrastructure costs are sigmfly
lower than in spread-out patterns (Carruthers/g#an 2003; Speir/Stephenson 2002). Thirdly, théiadpa
distribution of service areas affects per-capitst€on the regional level. Urban systems with &dvigon-
centration of built-up areas in central cities offetter opportunities for the use of economiesaafle (e.qg.
the use of larger treatment plants): in large sijtfexed costs spread over a larger number of el that
the per capita costs are lower than in small tosvrspread-out subdivisions.

The question now is: what are the effects of desingaurban densities on infrastructure costs? €hestud-
ies in this domain that exist have reported thatgagita costs for providing and maintaining teclhinfra-
structure increase in line with the decrease imurbensity (Koziol 2004; Siedentop et al. 2006)mPared
to social infrastructure such as schools or puidialth services, the technical supply economysis tapable
of adapting its cost structures to shrinking popatafigures. As a result, per-capita costs rise th effi-
ciency losses. For example, increasing (overheasts @re incurred by the necessity to keep up aquidb
tous provision with decreasing population figurauty to supply”), by the immobility and indivisility of
facilities (for example the necessary minimum sitevater treatment plants), as well as the sharfexed
costs (70-80 percent with technical infrastructnedworks). Consequently, areas with populationidecl
will have to accept higher costs if the existinffastructure provisions are to be kept and maiethirlter-
natively, a development path where infrastructergises adapt with a time lag to the decreasingethels is
described as “cost remanence” (see Figure 1).

In addition to the problem of income losses becanidest fees, which in the beginning is the ma#ical
problem for the providers, additional mid-term alodg-term costs emerge due to necessary operation-
related improvement measures. For example, casts iithe amount of time in which the water rensaim
the drinking water networks increases becauseiaddltflushing of the pipes is necessary in ordepre-
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vent the water from being contaminated by germs G&se is similar for sewage pipes where additional
flushing is necessary to prevent offensive odontsdeposits in the pipes.

The tolerance and affordability for operational duilding underutilization differs depending on tiype of
infrastructure. With respect to sewage treatmedtdistrict heating, it is estimated that an undézation of

20 to 30 percent% compared to the original ratdaiork capacity will already require operational ses.

The drinking water and electricity supply are muabre robust; measures like the ones just mentianed
only necessary when the operation grade is belot G0 percent of capacity. Moreover, if underaétion
figures fall below 50 to 60 percent for sewagefriis heating and gas capacity, and 70 to 80 peérfmen
drinking water and electricity capacity, additioralilding measures might be necessary (Freudenberg,
Koziol 2003).

Infrastructure
costs

costlb

costla

Cost function (increasing population)

Cost function (decreasing population)

popl Population
Fig. 1: “Cost remanence” in the case of decreadérgand on infrastructure services (adapted frorkelmheinrich, Micosatt 2005)

4 FROM “GROWTH-SPRAWL” TO “SHRINKAGE SPRAWL”

In many parts of Europe a new “post-growth” urbaam is emerging. The German Federal Office for Build
ing and Regional Planning estimates that in 2085&rcent of all Europeans lived in cities or mptidgan
areas with shrinking populations (Gatzweiler et24l06). In Germany, the population has declinedesin
2003, due to a decreasing migration surplus anegative natural population development. The |dtast-
cast issued by the Federal Statistics Office pte@igopulation decrease of between 8 and 13 miienple
by 2050 (Statistisches Bundesamt 2006).
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Fig. 2: From “growth sprawl” to “shrinkage sprawl

One could assume that urban shrinkage should disgeuwurban sprawl because fewer residents require
fewer housing units, less urbanised land, anditdsastructure. However, major factors work agaitiiss
logic in Germany. Firstly, it is the ongoing demaghic trend towards smaller households which caunte
balances the negative effect of population deaindousing demand. Secondly, the fiscal competibien
tween communities to attract new inhabitants andpamies leads to the provision of newly urbanisexd |

for housing as well as for industrial and commérieind uses, supported by tax regulations and puoib-
sidies for economic development. Thirdly, the “plang routines” of local land use planners still deto
favour greenfield development, because brownfiedgdetbpment is perceived as more complicated and
risky. Based on recent data on German populatiohlamd use, a characteristical three-stage sequence
urban land use can be observed (see Figure 2ja@e 4, called “growth sprawl”, annual growth ratés
population and urbanised areas are positive witlnmuigrowth outpacing population growth. Stage gea
riod of transition, is characterized by a growintbalance of urban and population growth. Whilegheual
population growth drops, the growth of urbaniseelaarremains high. Stage 3, called “shrinkage sprawl
shows a negative population development accompdmyiexfall in urban growth rates. In addition tesk
three characteristical stages, a fourth stage avitlegative growth of urbanised areas can be expatte-
gions that are faced with a severe decline in gjm figures.

5 MEASURING SHRINKAGE SPRAWL

From an empirical point of view, there is currermilty agreement how urban sprawl can be measuragim g
titative terms. Although much research has beemtdevto discuss suitable indicators and relateohdra
works, the multi-faceted causalities and uniqueanrdevelopment paths of city environments haveaso f
been an insurmountable barrier for the formulatban agreed upon methodology. Although most resear
suggests that there are different forms of urbaavelp— one of them is the “shrinkage sprawl” type d
scribed in the previous section — the limited ustisrding of urban sprawl as a process of marketuiben
development is still wide-spread. One could ardwe shrinkage sprawl as an urban development @oces
warrants its own definition, separate from urbaragph At the same time it is our intention to clgashow
the similarities in the effect on urban forms, whis declining urban densities and related efficyeprob-
lems as described above. For this reason, we dgffiiekage sprawl as a mature type of urban spttzatlis
characterised by demographic change and low-dengiign area developments. The result is a cumalativ
effect of declining urban densities. Demographiarde, in this context, is made up of two components

(1) An aging population, caused by low fertilityga and low death rates
(2) The migration balance of an area
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The following analysis will therefore focus on tHetailed description of shrinkage sprawl in terrhsgto
demographic driving forces, and propose suitabticators, data, and methodological consideratiams f
analysis. On top of well-known indicators that fean visible trends for recent statistics, we ideluneas-
ures that reflect upon expectable development patterms of demographic change and urban sprawl, a
long-term forecasts on population, housing, andl laeansumption. The conceptual background has been
explained in section 2 (see figure 2) — the chaleis now to benchmark empirical data against tdesel-
opment paths.

5.1 Indicators

Indicators that aim at measuring shrinkage spras@dnto incorporate aspects of population changel la
consumption and configuration, and related deresitgcts. There are a range of limitations we adhere
with this contribution with respect to availabletasets. One problem is the aggregation level fachvthis
data is available. On an area-wide basis, the tiami& can currently only be shown for the admiaiste
hierarchies of municipalities, forecasts are limhite counties or spatial planning units. The reasotihat
more detailed area statistics are not availablevb¢hese levels. A more disaggregated researcloagipr
would require data collection and harmonisation knitrat is not feasible for an area-wide coveradee T
items in table 2a & b therefore focus on indicatihrat are suitable to reflect upon shrinkage sprfawl
available datasets. The corresponding maps illiessample implementations of the said indicatoetiam
area statistics, where a uniform 10km-grid was dsedata harmonisation and visualisation. Frorachhi-
cal point of view, this process uses polygon-inygoh arithmetic in a GIS for data transformatiorork a
conceptual point of view, the indicators are chemaged by two defining attributes: (1) static dgnamic
indicators, and (2) simple vs. composite indicatdtse first differentiation relates to the basenfea which

a measure is calculated, i.e. if it demonstratesréain situation for one snapshot in time (lik&: 2aging
index), or if it tracks changes over time (like :218an density decline). In the second differeitig simple
indicators focus on the visualisation of one stiaBselement (for example 2.8: migration lossesgeople
aged 25-50), whereas composite forms are basedmartmore elements, mostly in the form of a waiggnt
mechanism for area or housing (for example 2.4: heuses per hectare of new urban area). Area €in th
form of total, urban or residential area) is usaateroften to characterise urban sprawl processesifig
(buildings, dwellings, households) is more prominemen it comes to the description of demographic
change. The reason for this difference is mainlyeadwo methodology and data availability: where arba
sprawl is often related to low density developmetttthe urban fringe, demographic change causestigsn
to decrease within the existing urban compoundmFaomethodological point of view, the former isrthe
fore open to analysis of spatial datasets on thmuatrand structure of new urban land, the latterardy be
characterised by studying statistics on occupaat®srand housing structures.
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2.1 Population decline,
1996-2004

2.2 New urban area in
hectares per 100 km2, 1996
2004

2.3 Urban density decline,
1996-2004

2.4 New houses per hectare
of new urban area, 1996-
2004

SP has traditionally been seg
as a growth-related
phenomenon. However, ther
is strong evidence that similg
patterns emerge when
population is in decline. In
contrast, DC is usually
characterised by aging or
population decline,
depending on the cohort
structure of the population.

2rS5P dynamics are
characterised by extensive
eamounts of new urban area.
rUnder DC conditions,
demand for new urban area

run - otherwise significant
amounts of oversupply are
being generated. This is a
typical characteristc of
shrinkage sprawl, reinforcing
the decline of urban density.

Indicator for changing urban

forms, initially used to

measure the effects of

sprawling, low density,
sribbon or leapfrog

likely to decrease on the long developments under growth

conditions over time. Under
conditions of demographic
decline, a strong effect from
population decline can be
expected.

Efficiency indicator,
measures how many new
buildings have been
constructed compared to the
land provided (new
residential area in hectares).
In the SP context, low values
reflect typical extensive use
of land. Under DC
conditions, low values
indicate oversupply of new
residential area and low
density development.

0Stuttgart L,
i h Miinchen
o

<100

I 101 - 150
-

5.2 The current situation

Table 2a: Selected indicators for shrinkage sprawl

The maps in table 2a & b illustrate implementatibmseach indicator, giving an initial overview féne
state and risks of shrinkage sprawl in Germanyfitsemap (2.1) shows where population declineuox
in the years 1996-2004. This has foremost beendbke in the former East German areas, with thepirce
of the suburban belt around Berlin. In the same fp@riod, these areas have also been charactbyidgdh
amounts of new urban area (see 2.2), despite deglpopulation. The map on urban density decling)(2
shows the resulting drop in densities which areniigantly higher than population decline would kav
caused by itself. Accordingly, living space in tteem of residential buildings per 1000 people (oador
2.5) increased significantly, in some areas by d@86. The implementation for 2.4 (new houses petane
of new urban area) shows where new urban areadinsfficiently, which is evidently the case in chuof
Eastern, to a lesser degree also in north-westerm&y and some parts of Bavaria. The results prede
so far portray some well-known facts. The overargtdrivers are related to the consequences of Ggfma
reunification: the subsequent population dynaniitgombination with land-extensive economic initias
and laissez-faire policies provided much of thessatice for what we now label the prototypical dtage
sprawl. The next three items in the table, howesleow more subtle trends that aim to reflect upemakt

graphic preconditions for shrinkage sprawl. Theyegan idea that much of Western Germany will akseeh
to deal with shrinkage sprawl in the near futuree Bging index (2.7) is relatively high in the dwrh parts
of the Eastern German states, also in some areldbinéland-Palatinate and Hesse. The balance gigeo
aged 25-50 leaving an area (per thousand residewtisator 2.8) is highly negative in remote areds
Mecklenburg and Brandenburg, and negative for |g@ayes of the exurban areas in other states. Thé-no
west areas of Schleswig-Holstein and Lower Saxang,not affected by high values for the aging index
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the migration balance. However, they have the lglbares of single-family homes (2.6), togetheh wi
exurban parts of Rhineland-Palatinate, Bavaria,taadNortheast.

2.5 Change in buildings per
1000 people

2.6 Share of single family
homes 2005

2.7 Aging index

2.8 Balance of people aged
25-50 leaving an area (per
thousand residents)

Indicator for the consumptio
of living space per person.
Under urban sprawl
conditions, assumed to
increase significantly due to
extensive forms of living.
Under DC conditions same
effect caused by the
remanence effect or
population decline
(vacancies).

The preferred housing form
of SP-like developments is
single-family homes -
sprawling areas typically
have a comparatively high
share. Demographic change

includes the argument that —

at least in the German conte

— an aging population and thetherefore more likely to be

diversification of lifestyles

will reduce the attractiveness

of single-family homes for
large parts of the society. It i
also here where the
remanence effect leads to th
highest over-consumption of]
living space.

Aging is a defining element

change in Germany. The
future population will have a
higher share of old (65+) ang
very old people (80+). Areas
with a high share of people
xtaged 65 and above are

affected.

of the expected demographi¢

Knowledge on the migration
of young people is essential
for the future demographic
configuration of an area’s

I population. However, people
under the age of 25 can not
be assumed to settle
permanently after migrating.
It is more the age groups
between 25 and 50 who #et
permanently, become
property owners, and become
part of the future population.
This indicator shows where —
in balance — more people in
this age group have left an
area than moved into it.

Berlin

Hannover o
I

. Stuttgart _
Miinchen

- " Berlin
T¥ Hannover o -
et O gLl

)

< 65% <20%
P 65 - 75% B 20-22,5%
[ &R [ B

Table 2b: Selected indicators for shrinkage sprawl

Overall, the results of this part of the analysis suitable to show where shrinkage sprawl ocauts ha-
tional perspective. In addition, the risk indicat¢2.6 - 2.8) illustrate that other areas haveageonditions
that can act as factors for future shrinkage sprawé underlying trends are inputs for future pagah
forecasts that we analyse in the next section.

5.3 Projections

In order to substantiate our general assessmemtlaiesl in section 2 — the state of shrinkage spraw
Germany — we analysed the results in the conte#teoforecasts shown in figure 3. Data has beercedu
from the Federal Ministry of Building and Spatidafhing in the case of population and housing, thase
the spatial planning outlook (in German “Raumordysprognose 2020”) published in 2005 (BBR, 2005).
Initial results for an updated version for 2025 énagcently been published (BBR, 2009), but for iaacy
reasons we have opted to use the previous vergimm I terms of infrastructure, forecasts on land-
sumption for urban area are used as a generic meefaglnfrastructure requirements. The assumgtdhat
infrastructure provision in terms of water, eledtyi, and transportation networks, as well as ds=avices,
will follow — in some variations — the provision néw urban land. The results of the settlementcfstng
model “Panta Rei Regio” on future land consumptiave been adopted for a preliminary analysis, using
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average daily land take rates from a paper mapeliSebaft fir Wirtschaftliche Strukturforschung,(3):
the method uses the average hectare value fromlaagitonsumption class and applies it to the tiameé
2004-2020. In the future, we intend to replace #pproach with the actual model figures. Figurév@gan
overview over the three prognosis elements: eatheoh provides disaggregated forecasts for the 3@20
on the county level in the case of population aadsing, and the spatial planning units (in Germiau-
mordnungsregionen”) for data on land consumption.

P |
*elpmg
»H"u Ni;‘
Frankfurt
“1‘ frl
3 ~'bltm
3 g TN
r‘q R
Lrs:z

{gDusseldorf

-'-M‘
o

0% L | <15% [ ]<s%
B 5 - 109 B 16% - 209 B 6% - 10%
<5% - 20 B 0%
Population decline, 2004-2020 (BBR, | Growth in building stock, 2004-2020 | Urban land consumption (percent of
2005) (BBR, 2005) existing), 2004-2020

Figure 3: Selected indicators for shrinkage sprawl

The map in the left-most column of figure 3 shoivat tpopulation will decline further in much of theeas

in Eastern Germany that are already affected byedstng population numbers. There are also parts of
Hesse (north of Frankfurt), Northrhine-Westphalao(und Disseldorf) and in Saarland and Rhineland-
Palatinate in the southwest where population deesehy 5 to 10 percent. To a lesser degree thisasthe
case in remote areas of Baden-Wirttemberg, Bayao@dheast), Lower Saxony (around Hannover) and in
the far northwest. In terms of the growth in builglistock (see map in the centre of figure 3), iha will

add additional capacity, with much higher buildimgfivities in the south, in the central westerriestdbe-
tween Frankfurt and Dusseldorf, and in a band ngfiom northern Northrhine-Westphalia to the wafst
Mecklenburg-Vorpommern. Following these forcasisgé amounts of new housing stock will also be made
available for the surrounds of Berlin. The thirdgmiustrates that there is a discrepancy betwesulation
development, housing provision and new urban laimdan land consumption rates (= residential, ingalst
and transport-related land) are increasing by @@epercent (black) in parts of Schleswig-Holstéteck-
lenburg-Vorpommern (black areas in the very norith)Saxony (east and west of Leipzig), and in remot
areas of Bavaria. Increases of 6 to 10 perceny)@me wide-spread in the south where populaticreiases,
but also in many areas that will experience poptadecline, mainly in former Eastern states.

In order to assess the recent developments dedadnhgart 5.2 in the light of these forecasts, \akwdated
average yearly rates of change, and compared #Hulting values for the observation period 1996-2004
against the expected rates of change for the @&14-2020. For this purpose, all data was aggrddatthe
most detailed common denominator in terms of spasolution: the 97 spatial planning units of Bederal
Office for Building and Spatial Planning. Figuresdows the results of this assessment on composips.m
The maps are designed to illustrate the prediatadt®n in 2020 on hand (in three shades of gogydw —
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medium — and high values), and a comparison ofntegersus predicted rates of change on the otlyan-(s
bolised by plus and minus signs, and arrows fardmehanges).
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Map 4.6: Urban density 2004-2020:
population decline vs. new urban area

Figure 4: Selected indicators for shrinkage sprawl

For example, the map on population (map 4.1) sheiwsre population density will be high (dark grey),
medium (medium grey) or low (light grey) in 202hel'symbols indicate that much of the South, thetWes
and Northwest, and areas around Berlin will corditmexperience population growth, albeit with aader-
ating rate of change compared to the years 1998-gfiandard plus symbols). Bold plus symbols (e&st
Berlin) indicate that the rate of change is goim@ccelerate, i.e. population is increasing moreénfuture
than in the recent past. Accordingly, standard siisigns show where population decline is goinga-c
tinue with decelerating rates, bold minus signsiadegreas with accelerated population decline. &ree
also instances where previously growing areas egdiqgied to decline in the future, symbolised tlgiou
arrows pointing in a five o’'clock direction (west idannover, north of Hamburg, north of Berlin, andu
Frankfurt). Corresponding instances where areafsogo decline to growth (the symbol would show an ar
row pointing to two o’clock) are not present orsthcale and aggregation level.

Maps 4.2 to 4.4 are designed in the same fashiba.share of single-family homes (4.2) is highesthim
northern and northeastern parts of the country, ialsome patches in the central West and the Staoth
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shares can be found around the main agglomerattbesBlack Forest in the Southwest, and southern
Saxony. In terms of the dynamics, accelerated dromthe building stock can be expected for thettsou
west, around Frankfurt, south of Munich, and natibisseldorf, also north of Leipzig. In all otheneas,
the housing stock will continue to grow, but wittwler rates of change than in the recent past. Map 4
shows housing densities for new urban area, whielganerally higher in the southern and westerts udr
Germany, and within these areas highest in andhdrthe agglomerations. What is critical in this teo is
the wide-spread acceleration of housing densityirteci.e. there will be no areas with increasedsdiag
density on the aggregation level of spatial plagninits, and very few with a decelerated declirser(aly in
Thuringia and the very West of Lower Saxony. Ma# donfirms the decline in densities, in this case f
urban density. In most areas the forecasts préeictlerated decline. Accelerated decline can beotag
for northeastern parts of Lower Saxony (west of Harg), around Frankfurt, Stuttgart, and in the Seut
west. However, the shades of grey show that theeligdensities remain in and around the main aggiam
tions for 2020.

The design for the last map in this figure (4.3)eds from the previous ones. It shows where urdbamsities

will decline in any case, even if no new urban aseald be added from 2004-2020 (bold minus symbol:
“density decline due to demography”). In other wgrd hypothetical urban density based on population
2020 urban area 2004 was still lower than the acitoan density in 2004. This is the case in lgvges of
central Germany, also in the very North. The maoe ahows where densities would not decline becaluse
population decline alone: here, it is the summarigtfect of population decline and new urban arethé
forecasting horizon that moves urban density dgrémt into the negative (standard minus symboln-“de
sity decline due to demography & sprawl”). Suchaarare widely distributed in the South and Southwes
also north of Dusseldorf and between Hamburg antirB&ome areas (central Bavaria, south of Dussel-
dorf) will exhibit increasing urban densities. krms of the grey pattern in the background of thég, we
implemented an assessment of the role that new i@ will play in the decline of urban densiti€kis
was done by calculating a hypothetical urban derieit 2020 with the amount of urban area that wese

in 2004. We then compared these values to the giestlurban density for 2020, including the expected
amount of new urban area from the forecasts. Thateeshow that in some areas over 15 percenthafnur
density decline will be caused by new urban arefit@as, namely in the North on the border to théhide
lands, around Hamburg, southwest of Berlin, west eamst of Leipzig, in a band north of Stuttgard afso

in the very South. In most other areas, the roleest urban area will be between 6 to 10 percerd, iand
between Dusseldorf and Frankfurt less than 5 peércen

In summary, the maps presented here give a detaec/iew over the factors that cause shrinkagavelpr
and that will markedly continue to do so in mostea of Germany. On the one hand, they provide re&e
that population decline is a fundamtal driver feckhing urban densities (map 4.1, 4.4). On thesigth is
obvious that future land use and housing developsn@map 4.2, 4.3, 4.5) will significantly add teetprob-
lem. If forecasts are anything to go by, the curfigures therefore demonstate the importance afrtand-
saving planning strategies and the support of raffir@ent housing forms.

6 CONCLUSION

Cost-of-sprawl studies claim that significant ceavings regarding infrastructure supply could od€ur
better planned and more compact urban developreehieved. In contrast, in countries such as Ggyma
the infrastructure debate with regards to urbarelbgwment is fundamentally different due to the afeof
population decline. Some scholars point out thatelodensities in urban areas are associated withnan
hanced quality of life. Planned reduction of bdinsity in the dense urban fabric of metropolitares cre-
ates opportunities for enhancing the quality obhbburhoods and the establishment of lower defisityg
in cities. Under the slogan “more green, less dghsirban development in shrinking cities says t@dy”
to a traditional policy of compact urban growth afehsification. However, recent development pasténn
Germany have to be addressed in terms of themstriicture effects. Large amounts of vacant urbad,|
vacant housing, and underutilized supply networkd facilities raise the question whether cost-eifec
urban infrastructures can be sustained under gondiof demographic change.

This paper aims to identify areas where a new tfperban sprawl called “shrinkage sprawl” is evideh
number of widely accepted and new indicators sh@actrrent and expected future distribution ofrdtage
sprawl in Germany. As an effect, an ongoing petfonaprocess of urbanised areas can be expectad, th
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leads to a dispersed and fragmented urban formpdtential outcomes of these processes with respect
infrastructure costs are problematic. Keeping #llep factors constant, reduced urban density caasbe
sumed to cause higher per-capita infrastructuréscd$e point is that “growth sprawl” and “shrinkag
sprawl” — although totally different in their catise factors — are quite similar in their negataféects on
infrastructure efficiency. A dispersed and fragmeenpattern of urban land use can be found in amgths
intensive growth pressure as well as in areas wilevere decline of population and employment. krba
land use policies need to incorporate effectivatstiies to cope with this “post-growth” type of ambland
development.

Future national and regional policies on spatiahping, infrastructure and real estate need tsetitrate-
gies and instruments that focus more specificallyh@ root causes of land consumption. This mdaatshe
driving forces of greenfield development have totaéken into account when formulating strategies and
choosing instruments. Demand-driven land consumptidnich is still characteristic for flourishing stern
German urban centres, can predominantly be coetrolith instruments that aim at land-saving settieim
and urban forms and ensure environmentally comigasiibe selection. This can be achieved with regjion
planning instruments, for example with maximum depment capacities in town and district plans, tigto
strict controlling of local development, the defion of minimum densities for new developmentspoce
controls (tax, duties) for settlement and buildiogns that use land extensively. These policiegjarerally
targeted towards private households, enterprises,tideir land consumption, and communicated through
zoning designations. In contrast, the recognisaidyeasing practice of fiscally motivated, (landjpply-
oriented local development strategies requires reffective controls on town and regional plannirai-p
cies. These controls are explicitly designed fonitipalities and their development strategies. @bjective

is to engage local actors in an active reflectibheir development and building policies, and itk Ithe
consents for further greenfield designations widupible arguments for their actual need. In addijtfur-
ther emphasis on the debate on development politiehe state level can help to increase awardioess
more efficient land-savings in urbanisation andsport development.
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