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1 ABSTRACT

Over the past decades metropolitan areas becansagiegly decentralised. The relocation of worketato
suburban places has given rise to the emergentewf employment centres, which generally reflbet t
multicentric nature of an urban landscape. Theditge frequently claims that the formation of seehtres
shortens average commuting distances as peoplddartbcate near or even within subcentres. Osulte
suggest that the majority of people did not comesed to their jobs, as the average journey-to-work
distances significantly lengthened over time. MesFowe can not find decreasing shares of subudnte-
city commutes, making us argue that factors othen tintrametropolitan jobs-housing-proximities styly
influence where employees reside.

2 INTRODUCTION

During the last couple of decades metropolitansateae experienced a rapid deconcentration of @si@no
activities to suburban places. A review of empirgtaidies shows that the emergence of multicentian
configurations occurred in many metropolitan regidhroughout Europe, Asia and the USA. The results
indicate that increasingly higher shares of metiitgo employment are concentrated in suburban etsst
nodes or edge cities outside the traditional urbares (Anas/Arnott/Small 1998). Spatially, thesewn
centres are frequently located in the peripheryglor in close vicinity to motorways. Functionalthey
mostly do not include all functions of traditionaban centres. They rather may be specialisedfa® afr
retail locations (Einig/Guth 2005; Garreau 1991yltano/Small 1991).

One of the recurring topics of this discourse s ithterrelation between decentralised employmeoivtir
and the development of commuting patterns over.tifte impact of subcentring on the journey-to-work
has already been addressed in numerous paperalgkgkin et al. 2005; Cervero/Wu 1998; Giuliano/&m
1991; Muller 1976; Parolin 2006). However, the evide is disputed and far from being conclusive:

« Given the existence of a decentralised populatidthinv metropolitan regions makes some
researchers argue that the suburbanisation of aheut force brings jobs and workers closer
together. The spatial convergence of employment lemgbing locations goes hand in hand with
higher shares of intrasuburban commuter flows wiaich usually associated to be shorter both in
terms of times and distances (e.g. Lee/Seo/WeB8@8), thereby leading to more sustainable trip
patterns within urban areas (e.g. Crane/Chatma8)200

« Another strang of papers observed an increasenmaing in terms of distances, durations and/or
volumes. These studies have shown that workeragliwiithin or close to subcentres do not
necessarily have shorter commutes (e.g. Aguilef@b@(artly a reason of a growing number of
dual-earner couples who usually fail to both refecelose to their working place (e.g. Cervero
1989). Moreover, some authors argue that resteiatiban land use regulations may prevent people
from relocating closer to their workplace (exclusioy zoning hypothesis). As suburban
municipalities often do not pursue a coherent pohith regard to jobs and housing aspects, urban
spatial structures that minimise commuting may lyaetherge (e.g. Muller 1976).

While recent empirical research on the interrefatid employment suburbanisation and commuter traffi
mostly focuses on US (e.g. Yang 2005), French @egagilera 2005) and Dutch (e.g. Schwanen et al4200
metropolitan regions, there is a striking rese@aj regarding German literature (exceptions aré¢h @ual.
2010; Siedentop 2007). The DFG/SNF-funded reseprofect 'Spatial accessibility and the dynamics of
commuting in Germany and Switzerland, 1970-2008isaio contribute to this topic. The paper presents
findings from our research. It examines the follogvihypotheses with a focus on German metropolitan
regions:

« The deconcentration of workplaces to suburbia gb®sg with a 'decoupling’ of the periphery from
the traditional urban cores and leads to strongernal linkages within suburban areas.
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« The emergence of suburban employment centres @mimmome of the 'infill' of workplaces in the
periphery of metropolitan areas. These centres-dvesides the historic urban cores — privileged
areas of attraction for commuters and might inergas probability of finding a job near or even
within the place of residence. Multicentric urbamfigurations may therefore generate more travel-
efficient commuting trip patterns across metropalitegions (‘co-location’ hypothesis).

3 DATA

To examine the hypotheses described above, we atse cth commuter flows provided by the Federal
Statistical Office (German Census 1987) and theeFd@dEmployment Agency (German Social Security
Statistics 2007). The data contain information &l out- and internal commuting trips at thetsgescale

of municipalities. In both data sets a commuterlwamdentified by the spatial separation of jobd hausing
locations. All persons who do not work and live hirit the same municipality are considered to be
crossmunicipality commuters. There is only in- and-commuting if an employee crosses at least one
municipal boundary on his/her way to work. If naubdary crossing occurs, the person is classifiddcs
(internal) commuter. Both commuting matrices hagerbvalidated extensively during our prior work a@nd
weighting factor for daily and periodically (non#yg commuting activities has been introduced. Bhare

of daily commuting trips by distance (km) has bekducted from the Census 1987. In the following
sections we only consider daily commuting actigitiso avoid the distorting effect of long-distance
commuting trips. Furthermore, we only consider exppks subject to social insurance contribution tdue
missing information about self-employed and pub&cvants in the commuter matrix of 2007.

4 DELINEATION OF METROPOLITAN REGIONS

Our study requires the identification of metropmiitareas as a framework for analyses. In the German
spatial science literature the assignment of metitaym boundaries frequently relies on the use-pfiari
circular shapes (e.g. 60 km) using GIS-applicatiorisuffer the administrative boundaries of theaurbores
(e.g. Siedentop 2007). Several other studies usshbld values of in- and out-commuting intensifigs
describing the spatial expansion of commuter caéctinareas of urban centte®.g. Herrmann/Schulz
2005). Our approach is similar to the functiondirdiion of commuting regions proposed by the Gemma
Federal Office for Building and Regional PlanniBBR 2005). The delineation refers to the year 280d
works as follows:

- ldentification of metropolitan cored-irst, metropolitan cores have been defined asicipalities
having more than 500.000 inhabitants.

« Identification of second order core citiesll cities which have above 100.000 inhabitaraséibeen
defined as second order core cities. The metr@olitores and the second order core cities
constitute the set of large cities. All other mupadities have been classified as 'potential' shéar
municipalities.

- Identification of large cities' catchment arede out-commuting intensftyalues of all 'potential’
suburban communities to large cities have beerulzdbtd using the commuter flow matrix of the
year 2007. We checked for different cut-off valuasging from 5% to 10% of all workers within a
municipality. The choice of the cut-off point geally determines size and expansion of an urban
area (Killer/Axhausen 2009). After a systematic panson of the different boundaries we finally
decided to use the 7,5% threshold value as cuewe#l for further analyses.

« Creation of functional commuting region&ll communities exceeding the 7,5% threshold ealu
have been classified as suburban municipalitidspthler municipalities have been classified as
peripheral (non-metropolitan) communities, whicldl ha be excluded from further delineation. In a
last step, we finally allocated all suburban mypadities to their respective commuting regions by
(i) selecting all commuting flows to large citiesda(ii) comparing their values with regard to their
out-commuting intensities. After having identifi¢kde prevailing flow to a respective large city
(highest intensity) we finally were able to defmeuburban municipality as being part of a specific
commuting region.

! This method has also been carried out for US metitan regions (e.g. Berry/Gillard 1977).
2 The out-commuting intensity is the share of ournwters among all workers (employed residents)inighspecific municipality.
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Following this approach, we identified eight mettifan regions with the core cities of Bremen, Hangp
Hanover, Frankfurt a.M., Munich, Nuremberg, RhingiR (= Cologne, Dortmund, Dusseldorf, Essen) and
Stuttgart. Moreover, we identified 15 secondaryamrbareas. As metropolitan regions generally have
enlarged over time (expanding commuter sheds),egeldd to take a fixed boundary-delineation, adten

the case in this type of studies (e.g. Aguileras200

Following this approach, we identified eight mettifan regions with the core cities of Bremen, Hangp
Hanover, Frankfurt a.M., Munich, Nuremberg, RhingaR (= Cologne, Dortmund, Dusseldorf, Essen) and
Stuttgart. Moreover, we identified 15 secondaryamrbareas. As metropolitan regions generally have
enlarged over time (expanding commuter sheds),eg@ldd to take a fixed boundary-delineation, asten

the case in this type of studies (e.g. Aguileras300

Table 1 provides some key statistics highlightitrgctural differences among the metropolitan regidrhe
spatial expansion of the catchment areas and ttsidm of large cities are shown in figure 1. Bessaof
missing data (1987) with regard to workplaces, woskand commuter flows we were not able to deleeat
the metropolitan areas of the former German DenticcRepublic. In the remainder of this paper, wéyon
consider the municipalities of the West German tastander'.

Number of municipalities Overall area [km?] WP 198%WP 2007 ER 1987 ER 2007

Region

Bremen 154 8.977 565.612 605.072 577.350 593.170
Frankfurt a.M. 428 9.244 1.599.571 1.634.727 1.548.888 1.520.332
Hamburc 525 10.677 1.185.710 1.259.426 1.178.400 1.210.022
Hanover 192 8.063 820.442 800.642 813.259 778.614
Munich 379 11.401 1.301.749 1443504 1.264.563 1.353.870
Nuremberg 186 6.389 609.920 636.806 594.986 611.804
Rhine-Ruhr 287 19.027 4.255.851 4.129.819 4.227.938 4.063.783
Stuttgart 281 7.133 1.420.016 1.424.284 1.370.246 1.350.223
Other urban areas 1.714 45.106 3.919.750 4.191.808 3.901.571 4.062.80

WP: workplaces; ER: employed residents

Tab. 1: Structural data of the German metropoligagions (Source: Own computations. Data taken ft@rGerman Census 1987
and the German Social Security Statistics 2007)

5 |IDENTIFICATION OF SUBURBAN EMPLOYMENT CENTRES

Our study requires the identification of suburbaoniipalities which have above-average employment
stockings. Prior studies have defined suburbarregm several different ways. Some papers usstibleé
values of employment densities and total employmensidering a subcentre to be a zone or munitypal
above a given minimum cut-off (e.g. Anderson/Bog#001; Giuliano/Small 1991; Giuliano et al. 2005;
McDonald 1987). Others suggest more sophisticapgatoaches to avoid pre-defined (arbitrary) cut-off
points. For instance, McMillen (2001) uses non-patic estimation techniques to identify suburban
centres as local peaks in employment density fanstiA similar approach has been discussed in Blgig
(2001) showing the application of non-parametriecsfications for the metropolitan area of Houston
(Texas). Other studies refer to the use of spatigbcorrelation techniques to explore regional eympent
concentrations higher than the mean. The empiaigglication of such statistics has recently be@wshfor

a selection of four Belgian cities (Riguelle/Thovashetsel 2007).

This paper follows the approach described in Pafitiimara (2003) and Parolin (2006). The methodology
has been carried out twice for the metropolitaa afeSydney and works as described subsequently:

« In a first step we need to identify 'potential' caitres for use in further analyses. A 'potential’
subcentre can be defined as (suburban) municipaliticth has an employment stocking that is
significantly higher than the national mean. Thenigfication of above-average employment
concentrations is based on the calculation of statised employment values (z-scores). For each
municipality employment data were thus standardisedubtracting the mean of all municipalities
from its employment value and dividing the differenby the standard deviation. The body of
municipalities which have values higher than 0 wiren considered as 'potential' subcentres. In
doing so, we identified 1.183 'potential' centred 987 and 1.313 in 2007.
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In a second step we confined the set of 'poterd@&itres by selecting only those municipalities
which have a ratio of workplaces to workers (emptbyesidents) greater than 1 resulting in 610
centres in 1987 and 680 in 2007. That means weamigidered a municipality to be a subcentre if
the respective community exhibits a surplus of ammuters, indicating a superior attraction for
employees. Furthermore, we only included those aipalities which have their location within the
boundaries of the metropolitan regions as defimeseiction 4. After further having reduced the set
of subcentres we finally identified 202 subcenire$987 and 265 in 2007. All other municipalities
within the catchment areas' boundaries (exceptther large cities) were assumed to be non-
(sub)centres.

i
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Fig. 1: German metropolitan regions (functional cauting areas) (Source: Own illustration. Data takem the Federal Agency
for Cartography and Geodesy)

Figure 1 shows the location of subcentres withim pinedefined boundaries of our study regions. liike
many European and US agglomerations, the majofiguburban centres has clearly sprawled along or in
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close vicinity to motorways (e.g. Aguilera 2005; demson/Bogart 2001; Garreau 1991). Table 2 provides
some key statistics with regard to the number afdecities and suburban centres. The table alstaicsn
information about the absolute and relative vasiatin the number of subcentres over time, highiight
general increase in the number of suburban employrioeations across all metropolitan regions. The
results further indicate that many centres thaehasen identified in 1987 still exist 20 yearsigt987 =
2007). While some of the 1987 employment subcemtres out of the table in 2007 and some 2007 centre
were below the national mean in 1987, several esnéixist both in 1987 and 2007. The 'stability’ of
clustered employment through recent decades magraignreflect the relevance of strong agglomeratio
forces over time (Parolin 2006) and might as welpport the argument of long-term persistence in
metropolitan spatial structures.

Our further analyses proceed by generating siaisth workplaces, workers and commuter flows fer th
entire set of geographical subdivisions (largeesitinon-(sub)centres and subcentres). Some caistion
warranted in the cross-interpretation of the resyfiercentage changes) as some subcentres and non-
(sub)centres are not identical in 1987 and 200Avév¥er, the method applied in this paper allowsaus t
check for the 'decoupling' and 'co-location’ hyests, as we explicitly aim to examine commutingepas

for both 1987 and 2007. Given that subcentres septethe multicentric nature of an urban landseepé)
expect higher levels of self-sufficiency within smban municipalities (more internal commuting trigishin
subcentres and/or increasing shares of suburbBierdsuicommutes) and (i) a shortening of commutes as
firms may favour to move closer to their workforce.

In the following sections we first describe the miiag geography of working and housing locationsrov
time. We ask as to whether there is a significahiyher share of workplaces located within suburban
municipalities in 2007 (section 6). In a secongste examine whether or not a significant proportid
residents came closer to their jobs, thereby leptiina 'decoupling’ of the periphery and to decngas
amounts of commuter traffic over time (section 7).

Number of ...
) ... mc ...socc ...lc ... SC
Region 1987 2007 1987 = 2007 A 1987-2007
[abs ] [%]
Bremen 1 2 3 8 12 8 +4 +50,0%
Frankfurt a.M. 1 4 5 19 26 13 +7 +36,8%
Hamburg 1 1 2 11 18 9 +7 +63,6%
Hanovel 1 3 4 6 10 6 +4 +66,7%
Munich 1 1 2 33 42 25 +9 +27,3%
Nurembert 1 2 3 12 14 9 +2 +16,7%
Rhine-Ruhr 4 22 26 15 19 11 +4 +26,7%
Stuttgari 1 3 4 17 26 12 +9 +52,9%
Other urban areas (-) 21 21 81 98 70 +17 +21,0%

mc: metropolitan cores: socc: second order corsitlc: large cities; sc: subcentres

Tab. 2: Number of large cities and employment satres in German metropolitan regions, 1987-200T(&a Own computations.
Data taken from the German Census 1987 and the GeBowal Security Statistics 2007)

6 CHANGING GEOGRAPHY OF WORKING AND HOUSING LOCATIONS

In this section we describe some major trends ofrapelitan evolution since 1987. The focus is on
morphological shifts such as the spatial develogro&employment and housing locations. In doingvse,
are able to quantify the degree of spatial decanagon for both economical and residential adgtand
can better assess the relevance of centred emphbygnewth in German metropolitan regions. In this
chapter we raise two specific questions:

« Is there evidence for employment suburbanisatitwdsen 1987 and 20077?
« If so, did jobs tend to cluster in centres or sg@reat across the urban landscape?

To answer these questions we calculated aggregatkplace statistics for the entire set of German
agglomerations (table 3). The results indicate re\&triking features. First, it becomes clear thaturban
municipalities gained importance as locations oplyment across all metropolitan regions. The shafe
large cities in the regional overall sum of worlgda declined in every single case, whilst the shafe
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suburban municipalities increased without any ettoapln all agglomerations the growth rates ofigian
municipalities exceed the values for the largeesiti.e. a decentralisation of the workforce gdhetaok
place throughout German metropolitan areas.

A second key finding is that large cities still r@m important locations of employment, despite itéud
shares of total employment. The percentages inabpi@nal overall sum of workplaces (2007) are raggi
from 33,5% in Stuttgart (lowest) to 63,6% in RhiRehr (highest), whilst the shares of jobs within
subcentres accounts for 4,9% in Rhine-Ruhr (lowast) 23,2% in Munich (highest). Comparing our data
with the work of Parolin (2006) shows somewhat Iovpeoportions of employment within German
subcentres. However, the addition of 63 centres across fitéyeof metropolitan areas has supposably
affected the spatial economies of the study regiéssmore and more workplaces tend to cluster withi
small number of suburban municipalities, we agrék prior studies, assuming a general rise of roeftiric
urban growth throughout Europe over time (e.g.iG009).

WP 198 WP 200° A 1981-2007
within ... within ... within ...
Region ... lc ... SC ...nc ... Sub ... lc ... SC ... hc ...sub le.. ...sub
Bremen 344.979 59.455 161.178 220.633 334.325 96.191 584.5 270.747 -10.654 +50.114
61,0% 10,5% 28,5% 39,0% 55,3% 15,9% 28,8% 44,7% -3,1% +22,7%
nomr 3 8 143 151 3 12 139 151 3 151
Frankfurt a.M. 803.057 128.921 667.593 796.514 763.754 255.715 .2685 870.973 -39.303 +74.459
50,2% 8,1% 41, 7% 49,8% 46,7% 15,6% 37,6% 53,3% -4,9% +9,3%
nom 5 19 404 423 5 26 397 423 5 423
Hamburg 788.876 90.868 305.966 396.834 789.828 145.478 1304. 469.598 +952 +72.764
66,5% 7,7% 25,8% 33,5% 62,7% 11,6% 25,7% 37,3% +0,1% +18,3%
nom 2 11 512 523 2 18 505 523 2 523
Hanover 492.65: 71.70: 256.08¢ 327.79( 444.20° 98.95¢ 257.47! 356.43! -48.44¢ +28.64¢
60,0% 8,7% 31,2% 40,0% 55,5% 12,4% 32,2% 445% -9,8% +8,7%
nom 4 6 182 188 4 10 178 188 4 188
Munich 779.127 192.123  330.499 522.622 735.879  335.220 .4632 707.625 -43.248  +185.003
59,9% 14,8% 25,4% 40,1% 51,0% 23,2% 25,8% 49,0% -5,6% +35,4%
nomr 2 33 344 377 2 42 335 377 2 377
Nuremberg 373.225 111.875 124.820 236.695 362.577 115.767 .4838 274.229 -10.648 +37.534
61,2% 18,3% 20,5% 38,8%  56,9% 18,2% 24,9% 431% -2,9% +15,9%
nom 3 12 171 183 3 14 169 183 3 183
Rhine-Ruhr 2.817.037 164.831 1.273.983 1.438.814 2.626.647 .58@80 1.302.588 1.503.172 -190.390 +64.358
66,2% 3,9% 29,9% 33,8%  63,6% 4,9% 31,5% 36,4% -6,8% +4,5%
nom 26 15 246 261 26 19 242 261 26 261
Stuttgart 530.976 167.756 721.284 889.040 477.026 233.088 .1704 947.258 -53.950 +58.218
37,4% 11,8% 50,8% 62,6%  33,5% 16,4% 50,1% 66,5% -10,2% +6,5%
nom 4 17 260 277 4 26 251 277 4 277
Other urban areas 1.820.433 658.056 1.441.261 2.099.317 1.830.085 .7861 1.559.930 2.361.723 +9.652 +262.406
46,4% 16,8% 36,8% 53,6% 43,7% 19,1% 37,2% 56,3% +0,5% +12,5%
nom 21 81 1612 169: 21 98 159¢ 169: 21 169:

WP: workplaces

nom: number of municipalities

Ic: large cities; sc: subcentres; nc: non-(sub)eest sub: suburbia = sc + nc
italics: Share in the regional overall sum of woldqe:

Tab. 3: Aggregate workplace statistics, 1987-2@nufce: Own computations. Data taken from the Ger@ensus 1987 and the
German Social Security Statistics 2007)

Closer examination further indicates the signifmamf centred employment within German metropolitan
areas. In order to study the spatial (de-)conctaotraf jobs within urban areas a simple measur¢hef
morphological distribution has been calculated. ¥§e Gini coefficients to investigate the degrespztial
dispersion in metropolitan employment. The index take values from O to 1, and the higher the vahe
more concentrated the workforce within each metitgroregion. The Gini coefficient (GC) is calcuddtas
follows (municipalities have to be ranked ascendiith regard to their share of employment withie th
respective regiorf}

GC 12( Uty +vy)

% The share of workplaces within identified subcesisccounts for about 38% in the Sydney metropotitaa (Parolin 2006).
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u;: accumulated share of municipality i in the oviesaim of all municipalities of a region
v;: accumulated share of a municipality's i employhierthe overall sum of all municipalities of a ieg
n: number of municipalities of a region

Table 4 reveals that all WP-GCs exceed a minimui®, 65 (2007), indicating that a high proportiontioé
metropolitan workforce still remains concentratdthim a small number of municipalities (see aldulda3).
Comparing the coefficients for 1987 and 2007 maikear that the deconcentration of jobs has ledrtmee
equal distribution of employment occasions acrostropolitan areas (declining WP-GCs). However, the
spatial diffusion of workplaces seems to be ratigective in the sense of that employment tenadutster
within a small number of centres (indicating thdnaken relevance of strong agglomeration forcesnd
case there is any scattered (i.e. spatially extensi sprawl-style) decentralisation pathway antegl for
US metropolitan regions (e.g. Burchell et al. 1998)e dynamics in the pattern of employed residshtsv
similar trends. As has been shown for workplacks, tesults indicate deconcentration tendencies of
residential activities (finding their expressiondeclining ER-GCs). However, as shown in prior sgdthe
overall distribution of residents tends to followreore even distribution across space (e.g. Gl ee
2007; Siedentop et al. 2003). We confirm thesergrwlings by comparing WP- and ER-GCs for both
points in time, showing somewhat lower values of &8s throughout all metropolitan areas.

Gini WP Gini ER

Region

1987 2007 A[%] 1987 2007 A [%]
Bremen 0881 0856 -28% 0,790 0,746 -5,6%
Frankfurt a.M. 0,868 0,859 -1,0% 0,742 0,711 -42%
Hamburg 0,94« 0,93 -1,04 0,87C 0,84« -3,0%
Hanover 0890 0876 -16% 0,778 0,749 -3,7%
Munich 0,872 0,846 -3,0% 0,747 0,704 -58%
Nuremberg 0,862 0,843 -22% 0,701 0,666 -5,0%
Rhine-Ruhr 0,780 0,758 -28% 0,705 0,668 -52%
Stuttgart 0,780 0,754 -33% 0,620 0,587 -5,3%

Other urban areas 0,866 0,856 -12% 0,738 0,715 -3,1%
WP: workplaces; ER: employed residents

Tab. 4: Gini coefficients, 1987-2007 (Source: Owmeputations. Data taken from the German Census 488The German Social
Security Statistics 2007)

7 DYNAMICS OF COMMUTING

The spatio-temporal development of commuter traffic be analysed in two steps: First, the dynanats
commuting linkages over time will be examined. Bynparing the shares of in-, out- and local comngutin
trips we can assess whether or not a 'decouplintbegperiphery from the traditional urban cored it fact
take place between 1987 and 2007. In a secondvetépcus on the changes in average distances abbgre
commuters. In doing so, we are able to test théoation' hypothesis, which claims that the empcgeof
multicentric urban configurations leads to a shurtg of commutes over time.

7.1 Commuting linkages — 'decoupling’ of suburbia fromlarge cities?

After having shown the relevance of suburban grquatierns across German metropolitan regions vge rai
some more specific questions. As the arrival ofv'npbs within suburban areas generally may have
increased the probability for workers to find a jelthin suburban locations, we (i) could expectrdasing
percentages of traditional (long-distance) subuoratge-city trips and/or increasing shares of (@omat
shorter) suburb-to-subcentre commutes. Moreovergthergence of suburban employment centres may (ii)
explain higher degrees of self-containment withiese municipalities. We thus ask for two questions:

« Do the residents of suburban municipalities orientawards subcentres?
- Can we observe increasing levels of internal ligsagithin suburban centres over time?

Table 5 highlights several important findings. Qofethe most striking features is that the proportadf
crossmunicipal commuting trips (in- and out-commglihas significantly increased across the enéteos
metropolitan areas during the past two decades.p@uoed with the situation in 1987 we can find insreg
shares of employees living in a subcentre and wgrkn a large city. Moreover, we can identify highe
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shares of people living in a subcentre and workimgnother subcentre, as well as higher sharesablp
living in a subcentre and working in a non-(subjeeand even higher shares of people living intecentre
and working outside the boundaries of their respechetropolitan area (external commuters). Atgame
time the proportion of internal commuting trips ¢pée who both live and work in the same subcentre)
declined markedly over time, which makes us rejbet second question raised above. As for suburban
centres, similar dynamics can be found for largeesiand non-(sub)centfesOur results thus confirm a
trend widely noticed among European transport rekess, that workers expand their activity spacebdo

not overwhelmingly tend to live and work within teeme municipalify(e.g. Aguilera 2005; Bontje 2007;
Moser 2007). This makes us assume that the digamered by commuters may not have declined during
recent decades, as claimed by the 'co-locationdthgsis. We provide some deeper insights in thé nex
section.

Commuters Commuters
1987 [%] 2007 [%]
Region ... lc ... SC ...hc ..int ..ext ..lc ... SC ...nc .tin ...ext
Bremen Fromlcto ... 1,5% 0,4% 5,2% 91,7% 1,2% 3,2% 3,3% 8,8% 82,6% 2,2%
Fromscto ... 8,3% 2,1% 8,7% 76,3% 4.7% 22,6% 5,8% 13,1% 50,3% 2%8,
Fromncto ... 34,8% 5,5% 14,1% 42,2% 3,4% 39,1% 11,1% 16,9% 27,7%6,2%
Frankfurt a.M. Fromlicto ... 7,5% 1,3% 7,5% 83,6% 0,2% 14,1% 6,9% 11,9% 66,0% 1%1,
Fromscto .. 22,6% 6,8% 16,8% 51,0% 2, 7% 33,8% 11,0% 20,2% 30,9%4,0%
Fromncto ... 33,1% 5,6% 22,8% 36,0% 2,5% 36,3% 12,0% 25,7% 21,9%4,1%
Hamburg Fromlcto ... 0,4% 0,7% 4,6% 93,9% 0,4% 0,7% 3,1% 6,7% 88,7% 0,8%
Fromscto .. 16,7% 2, 7% 10,3% 67,6% 2, 7% 35,5% 6,2% 15,1% 39,898,4%
Fromncto ... 37,7% 6,9% 18,5% 34,7% 2,3% 41,5% 11,1% 21,5% 22,193,8%
Hanover Fromlicto ... 3,6% 0,4% 6,4% 88,0% 1,6% 5,9% 3,9% 11,0% 75,3% %3,9
Fromscto .. 12,4% 0,5% 9,5% 74,4% 3,2% 29,5% 3,0% 16,2% 46,4% 4,9%
Fromncto ... 39,9% 5,4% 14,3% 37,1% 3,3% 41,4% 9,1% 18,7% 25,8%6,0%
Munich Fromlicto ... 0,6% 4,4% 4,9% 89,9% 0,2% 1,2% 13,5% 6,4% 78,1% %0,7
From scto .. 28,4% 5,5% 10,5% 52,4% 3,2% 37,4% 15,5% 10,9% 32,6% 3,6%
Fromncto ... 39,1% 10,9% 15,0% 31,9% 3,0% 36,6% 17,5% 19,6% 91,1 5,1%
Nuremberg Fromlicto... 11,6% 1,5% 2,5% 84,2% 0,3% 18,9% 4,0% 7,1% 69,0% 0%1,
Fromscto ... 22,3% 3,0% 7,0% 65,0% 2,6% 26,9% 4,9% 13,0% 49,0% ,2%6
Fromncto .. 41,4% 13,6% 11,4% 29,9% 3,9% 42,3% 14,1% 17,4% 920,5 5,6%
Rhine-Ruhr Fromlicto... 13,8% 0,6% 5,5% 79,9% 0,2% 24,0% 1,5% 10,5% 63,2% ,8%0
Fromscto ... 17,4% 0,3% 15,6% 63,2% 3,4% 26,3% 1,2% 23,6% 41,5%7,3%
Fromnc to .. 30,1% 2,8% 17,0% 47,6% 2, 4% 37,1% 4,1% 22,8% 31,6% 4,5%
Stuttgart Fromlicto ... 0,8% 3,4% 10,3% 85,1% 0,4% 1,7% 10,4% 18,1% 67,8% ,1%2
Fromscto ... 18,2% 3,8% 19,8% 56,2% 2,1% 28,5% 9,0% 26,1% 33,0983,4%
Fromncto ... 22,4% 7,2% 26,9% 41,8% 1,7% 23,0% 12,3% 33,9% 27,198,7%
Other urban areas Fromlicto... 1,8% 2,4% 6,0% 88,4% 1,5% 3,0% 5,7% 12,4%  73,9% %5,0
Fromscto ... 16,0% 5,4% 10,7% 63,0% 4,9% 21, 7% 9,1% 16,4% 43,9%8,9%
Fromncto .. 30,2% 10,7% 15,7% 37, 7% 5,7% 32,4% 13,5% 19,5% 95,5 9,1%

Ic: large cities; sc: subcentres; nc: non-(sub)aest int: internal commuting trips (= local commusg ext: external commutes
(= workplace destination not within same metropolitan reg

Tab. 5: Dynamics of commuting linkages, 1987-2083@ufce: Own computations. Data taken from the Ger@ensus 1987 and the
German Social Security Statistics 2007)

As already has been pointed out for French metiaoobreas (Aguilera 2005), table 5 also shows ttiat
majority of people living in a subcentre work odtsitheir places of residence, giving us some more
indication to reject the questions raised abovkirther becomes apparent that the main out-conmmfiotes

are still directed towards the higher level citiesthe urban hierarchy (large cities). This is tfoe both
categories of suburban municipalities; i.e. sub@snand non-(sub)centres. Comparing 1987 with 2007
indicates that the situation was even more distim@007 than 20 years before. We thus find inéngps
rather than decreasing shares of traditional sutmitrge-city commuting trips over time.

® There is only one exception in the case of Muniihe share of employees living in non-(sub)cenames working in large cities
declined from 1987 to 2007.

® More generally we can speak of intensifying cominmipatterns over time as already have been obséry®ontje (2007) for the
region of Amsterdam. His main findings are a comtbgahigh level of in-commuters into Amsterdam andteady increase in reverse
commuters with jobs in the newly developed suburleamployment centres. This pattern, which he dessrias 'exchange
commuting’, clearly suggests a qualitative mismétetween job supply and job demand.
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At the same time as large cities became more tttea@as destinations for suburban employees, the
peripheral type of suburb-to-suburb trips gaineddrtance, too. We thus agree with Killer/Axhaus2®0Q)
who suggest that commuting linkages are becoming rand more complex over time. We further support
the argument of Moser (2007) claiming that the cart@rs' destination choice became increasingly rayit
through recent decades. All these findings makeeject the 'decoupling’ hypothesis. Neither, can we
identify more or less self-reliant ‘villages' irethrban fringes nor can we find declining linkabesveen the
traditional cores and suburban municipalities gened for several US agglomerations (Lee/Seo/Véebst
2006). However, we find evidence for a marked iasesin disperse commuting patterns, which one may
interpret as a general outcome of the infill ofwhpb opportunities within suburban locations lfamisation

of suburbia’). In the following section we study taswhether these trends led to more sustainalde sh
distance trip patterns over time.

7.2 Commuting distances — shortening of the journey-tavork?

In this chapter the distances covered by commutitde analysed. Information about the real disem
travelled by crossmunicipal commuters are missinghe data sets. As often is the case in this tfpe
studies we hence calculated straight line distarmss/een the centroids of the working and housing
municipalities (e.g. Siedentop 2007). The distarmmgered by local commuters are estimated as Vell.
complete description of this approach can be faor@uth et al. (2010).

Table 6 shows the average distances covered bwnd-out-commuters both for 1987 and 2007. We
additionally calculated the mean distances forgtmn of all commutes, i.e. in- and out-commutinggri
including internal commutes. This chapter partidylaims at testing the 'co-location' hypothesis. fkms
may have relocated where employees reside or,wdcsa, as people might have relocated closer to the
workplaces, we could expect somewhat shorter coesnwithin metropolitan areas. Again, we raise some
specific questions:

- Can we observe significantly lower in-commutingtaliges to suburban employment centres over
time?

- Did the emergence of suburban centres lead toesttoifis in the study regions?

We start by comparing average in-commuting distarafelarge cities with those of subcentres and non-
(sub)centres. There has already been a broad dgisnuen whether or not working in central cities is
associated with above the mean distances. Ournfisdclearly suggest that in-commuters of traditiona
urban cores have longer work trips than people imgrkn subcentres or non-(sub)centres. This is haté

for 1987 and 2007, and for the entire set of metitgn areas. Our results are consistent with Gef\éu
(1998) and the recent work of Siedentop (2007) doselection of five German metropolitan regions.
Moreover, we confirm that commuting trips to empt@nt subcentres are somewhat longer than commutes
to jobs within noncentred employment locations.sTégain is true for both points in time; but nat fioe
region of Hanover

To finally answer the questions raised above wal neeanalyse the shifts in commutes over time. &bl
indicates that journey-to-work trips lengthened agall types of municipalities from 1987 to 200 T
return to 'co-location”: As more and more people knd work within suburban places, we expectédthtb
somewhat shorter commutes on average. But peopleuwsty do not live closer to their jobs than 2Gse
before. On the contrary there is an increasingapsdparation of homes and workplaces in all mipality
classe$ moreover, the regions' total average distancee@sed significantly over time. Some caution is
needed as the tc-values are highly dependent oshtire of internal commuters, who cover distinilyer
distances than in- or out-commuters on averagesh@svn in section 7.1 the share of local-commuters
declined markedly over time, providing some explimmawhy the average distances rose as vast asnsinow
table 6. However, our results are in line with pstudies from Germany and abroad (e.g. Aguilef@s20

" Referring to Giuliano/Small (1991) we can provid@assible explanation: As large cities and subesngenerally have high
concentrations of jobs, they do not only draw weskieom their adjacent municipalities but from a@i geographical space. Hence,
a significant proportion of people working in a wragentre requires longer average commutes ang, dontributes to the existence
of large-scale commuter sheds.

8 Parolin (2006) visually determines the spatiaksplrof trips to suburban centres using GIS-flowmgplications. His results show
a general increase in trip lengths and an expamgionerlapping commuting areas since 1981. Hidifigs make him argue that the
idea of self-containing suburban municipalitieSiigleed a long way off as a planning gogParolin 2006, p. 11)
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Cervero/Wu 1998; Guth et al. 2010; Parolin 200&d8ntop 2007). All the findings presented here lend
weight to the argument that the 'co-location' higpsts does not hold for German metropolitan regaon
makes us come to the conclusion that the emergafnoeilticentric urban configurations has not givese

to shorter commutes on average.

Average distances Average distances
1987 [km] 2007 [km]
ic*  oc* tc* ick oc* tc*

Region

Bremen Ic 224 328 11,3 246 305 146
sc 141 244 100 17,1 20,7 139
nc 13,3 16,6 11,6 15,4 17,9 14,5
total 185 19,0 9,9 20,4 20,2 13,2
Frankfurt a.M. Ic 20,4 16,0 12,3 23,4 19,5 16,4
sc 11,0 16,4 10,0 14,5 15,6 13,1
nc 10,8 14,1 10,2 13,4 16,5 13,8
total 157 144 9,5 183 16,9 135
Hamburg Ic 270 264 130 295 278 153
sc 139 237 110 166 209 147
nc 121 178 129 146 199 165
total 20,3 19,1 11,0 22,3 21,2 13,7
Hanover Ic 216 206 120 224 234 145
sc 115 238 9,6 154 193 1322
nc 13,4 15,9 115 15,8 17,5 14,4
total 18,3 16,8 10,2 19,3 18,8 13,0
Munich Ic 258 181 122 285 209 152
sc 125 186 11,0 162 172 144
nc 10,8 16,9 12,3 12,9 18,7 15,4
total 189 173 101 204 188 132
Nuremberg Ilc 194 140 108 206 164 137
sc 12,6 17,5 9,5 14,6 18,8 12,6
nc 9,4 14,9 11,3 11,7 15,8 13,3
total 16,3 151 9,1 173 163 119
Rhine-Ruhr Ic 18,9 17,6 9,5 22,1 21,3 13,7
sc 12,3 15,0 9,0 15,2 17,3 12,9
nc 12,2 150 9,8 152 17,6 138
total 16,3 159 8,4 19,3 190 124
Stuttgart Ic 17,8 14,4 10,6 20,5 17,4 13,9
sc 10,2 115 78 125 122 10,7
nc 101 11,6 8,2 11,7 131 108
total 12,9 11,8 7,8 14,6 13,5 10,9
Other urban areas Ic 160 187 101 189 224 13,7
sc 109 149 8,6 135 16,2 11,8
nc 100 12,7 9,2 122 144 119
total 13,0 13,4 8,4 15,4 15,6 11,9
* ANOVA (F-Test): p<0,05

Ic: large cities; sc: subcentres; nc: non-(sub)aest total: region total

ic: in-commuting, oc: out-commuting; tc: total-comting

(= in-, ou- and local commuting

Table 6: Dynamics of average commuting distanees (vay), 1987-2007 (Source: Own computations. Bdtan from the German
Census 1987 and the German Social Security Stat&Hia7)

8 SUMMARY AND OUTLOOK

This study has examined the role of suburban emmpdoy growth on the evolution of metropolitan
commuting patterns over the past two decades. Hperpfocused on three specific topics: First, the
identification of major employment subcentres agr@&rman metropolitan areas. Second, the question o
whether or not the deconcentration of workplacessgalong with a 'decoupling’ of the periphery from
traditional urban centres and, third, the validifyhe 'co-location' hypothesis for German agglatiens.

The interrelations between decentralised employrngemivth and the journey-to-work have already been
addressed in numerous papers (especially USA, ér&tetherlands). However, the evidence is dispated
far from being conclusive. Our empirical findingsggest that the decentralisation of employmentriuis
led to a 'decoupling’ of suburban municipalitiesnirtheir respective urban cores. Neither found igadr
numbers of self-reliant subcentres in the periploéggglomerations, nor were we able to detectcirdeof
commuting linkages between cores and suburbanesentrer time. Moreover, our results suggest that th
decentralisation of the workforce did not favourbiong more people closer to their jobs, as theaye
journey-to-work distances lengthened over time. #ilkse findings made us reject the 'co-location’
hypothesi& We agree with Parolin (2006) and come to the lusin “that factors other than proximity to

® As we focused on the investigation of average catimg distances exclusively, we have to amendttreempirical verification of
the 'co-location’ hypothesis frequently bases an @kamination of commuting times, too. E.g. Gor&ictiardson/Jun (1991)

REAL CORP 2010Proceedings/Tagungsband E
Vienna, 18-20 May 2010 — http://www.corp.atEditors: Manfred SCHRENK, Vasily V. POPOVICH, PeE&ILE



Emergence of suburban employment centres in Gemediropolitan regions: Impacts on commuter traffi@87-2007

workplace have influenced and will continue to uefhce where workers reside. It is of paramount
importance for metropolitan and transport plantersetter understand what these other factorsikaly to
be if we are to move towards achieving sustaingbilParolin 2006, p. 14).

The results presented in this paper shed a fiestcgl on the dynamics of commuter traffic in German
metropolitan regions since 1987. In order to broatlee empirical basis and to allow more general
conclusions, additional analyses on the correlatietween spatial development of employment, jobs-
housing-proximity and commuter traffic will be nesary. Future work will extend on other urban ragio
and on an additional point in time (Census 1970)reédver, it is intended to use road network disanc
instead of straight line distances to estimateadts&ances covered by commuters more precisely.
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