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To Migrate or to Commute?
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In this paper, we investigate the agglomeration patterres New Economic Geography
model when commuting is allowed. The introduction of botmeoauting and housing
costs leads to a disentangling of the agglomeration of fimuspeople. Commuting al-
lows workers to continue living in agglomerations and emjgythe benefits of a larger
product variety, despite high housing costs, since they chapse to commute to another
place where they receive higher wages, which in turn endbéa to cover high housing
costs at their place of living. This observation is espécialie for skilled workers, who
generally are more mobile than unskilled workers.
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1 Introduction

At London’s highly frequented Victoria Station, in 2008, ab@0t000 passengers entered the
underground during the morning peak on average. About 80 mplemple were using just this
single underground station in that year. By 2016, Transport tardon expects this number
to increase up to 100 million annual passengers at Victoifde New York City Transit has
over 7.4 million daily passengers on average in its network iw Nerk City in 200&. De
Bruyne (2006) finds that about 50% of the working population iftgBen commute to work
into another municipality than the one of residence, and B of the working population
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commute into another district. As these empirical facts ssgg®mmuting is necessary for
many people for getting to work, but also for shopping or leisaties. Thus we should care
about those huge daily flows of people and investigate hoyadfiect the economic landscape,
the location of jobs (hence firms), and the economic 'evolutidiregions. In this sense, the
present paper takes up a suggestion by Fujita and Krugman (22@d}ries to contribute to

integrate urban features such as commuting into geographicalmod

Glaeser and Kohlhase (2004) note that commuting costs arecisivdeimportance for the
spatial shape of the economy, since transport costs have teqote low levels nowadays. Of
course, the 'pure’ commuting costs have declined, just as tosihspsts did. But accounting
for the time spent in commuting and its associated costs,dtilbyemain quite substantial (see
Glaeser and Kahn, 2004). Anas (2000) found that decreasing ctingraosts may at least
partly account for the increasing trend towards urban agglomerat&spite large population
growth. In a study on the San Francisco Bay Area, Cervero and Wu (1i888phat commuting
has gained its importance not only through falling costs, Ba because of job decentraliza-
tion, i.e., a relocation of firms away from the center into more dodou areas.

As to migration, especially in Europe both international anériregional migration rates
are quite low. Puga (1999) notes that in the EU only about 1% efatbrkers work outside
their member state of origin. In a study on labor markets and tiregean currency union,
Eichengreen (1993) estimated the elasticity of interregiongtation with respect to the ratio
of local wages to the national average to be about 25 time®highhe US than in the UK, and
found an even larger fierence, for instance, to Italy.

This paper accounts for these twdfdrent types of mobility for getting to work by incor-
porating commuting into a New Economic Geography (NEG) settivigle maintaining the
usual mobility assumption (i.e., migration) for workers (see,,&kgugman 1991b; Fujita et
al., 1999). We show that the agglomeration of industries anglpgavho are both, workers
and consumers) may be disentangled, and now displdiereatit intensities as measured by
their relative regional shares. In particular, the agglomeraifggeople remains rather similar
compared to the standard NEG-setting, whereas the agglomeshfiwaduction activities be-
comes less pronounced. This is due to the two main features ofddel, (i) the possibility to
commute as an additional type of mobility, and (ii) the introtilon of housing and commuting
costs for workers.

By including commuting and its associated costs, in conoeatith housing costs, we
establish a link to the ample urban economics literature (suchbdgl-Rahman and Anas,
2004; Fujita, 1998; or Fujita and Thisse, 2002 for an overviémwjhis field of research, urban
costs (represented by commuting costs) and housing costs @tégiveé roles in determining
the location of residential zones, the central businessdi$¢€BD), or the development of sub-
centers within cities. Compared to the urban economics appraadifor a better intuition, the
idea of the present paper is to look at a slightly larger geducagrale, i.e., at regions or cities
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(municipalities) located dghiciently close to each other, where both migration and commutin
may turn out to be feasible

Previous NEG-literature has only paid rather scant attentiommontuting in its theoreti-
cal models. Ottaviano et al. (2002) introduce an analyticadlivable modelling framework,
which departs from the love-of-variety specification following Daxnd Stiglitz (1977), and in-
stead turns to a quasi-linear utility function, where love-of-ugrig introduced by a quadratic
subutility function. They show that commuting following theban economics literature (see
Abdel-Rahman and Anas, 2004, for an overview) can be incorporatedhis setting. Ot-
taviano et al. (2002) find that any positive commuting costsl o divergence provided that
transport costs are low enough, and that high commuting cagtyslead to dispersion of both
firms and population. Additionally, agglomeration becomes leptimal as commuting costs
rise.

Tabuchi and Thisse (2006) provide a model-setup, where ftiveg consumer-workers to
commute in order to get to work. They use a model with three factore homogenous and
costlessly tradable good, a horizontallyfdrentiated manufacturing good, and land (or hous-
ing). Similarly to Ottaviano et al. (2002), each consumer-workeisames one unit of land and
has to commute to the CBD to work at some cost, whereas firms arsswnad to consume
land. However, Tabuchi and Thisse (2006) disregard the agrralisector but include urban
costs as a dispersion force. Also produdiatientiation acts as a dispersion force when all con-
sumers are mobile, whereas price competition is exactly thesiggpend fosters agglomeration
since workers have to be compensated for the higher urban cdatmgfcentrally. Addition-
ally, in Tabuchi and Thisse (2006) commodity-specific transposts may lead to equilibria
where one sector is agglomerated and the other one partigtigrdisd. In general, high trans-
port costs lead to agglomeration.

Murata and Thisse (2005) aim at a similar objective, employtiregsame modelling frame-
work. Here, people live in two cities, where they have to comnintie the CBD for work.
People may choose to migrate into the other city wheneverdheyachieve a higher indirect
utility. Murata and Thisse (2005) show that the standard NEGH=ethat high transport costs
for goods lead to agglomeration (as in Fujita et al., 1999; Krugm&91b) may be reversed,
as commuting costs are introduced. Now, high transport costéoandommuting costs lead
to agglomeration, whereas high transport costs for goods leadgerdion of both people and
firms across the two cities. Agglomeration is also sustainabl¥o values of transport costs
provided that commuting costs are alsdfmiently low. These fects arise through the inter-
play of both, transport and commuting costs. In the Murata angseh{2005) setting, workers

3Note that the introduction of commuting in this paper is $&mio the urban economics approach (i.e.,
workers getting from their place of living to their place obsk), and we sort of add this feature into
a NEG-model. From an urban economics perspective, we addpiertunity for workers to move to
another place, city, or region.
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benefit from being agglomerated by saving on transport costs fogdabds but have fewer
varieties, whereas being dispersed has oppofiets.

In a more urban economics oriented framework, Mascarilla Miro and réeg@005) aim
at creating a model of an optimal city with respect to size as atiomm of urban costs and
benefits by taking into account commuter flows and migratianc&Scommuting has become
very attractive for people due to reduced costs, they find thatnuae never be able to find
a long-run stable equilibrium configuration of city size. The pree of some migration and
commuter flows is an indication for an asymmetric equilibrium.

Another important property of commuting is that it may act likeadety valve for high
housing costs close to the place of work. If the costs of liviggememotely plus the commuting
costs (including transport, time, etc.) are below the housisgsaaf living centrally, it pays @
to live more apart from the center and to commute. Commuting phststhe associated time
spent in commuting are frequently referred to as urban costs (see fandesTabuchi and
Thisse, 2006). This, of course, releases some presfiitteediousing market in the center (see,
e.g., Cameron and Muellbauer, 1998). However, commuting aasecnegative welfarefects
(congestion ffects), if it causes delays, ffiw jams, or environmental damége

Again, we want to emphasize that our model is capable of nigalith those two important
properties of commuting, i.e. being (i) an alternative to migmatiand (ii) a means to cope
with housing costs. Our analysis shows that théedént types of mobility of people (move,
commute, stay) yield core-periphery patterns which depart frondatdiNEG-predictions in
the sense that the agglomeration of firms becomes less prorbtlnacethat of people. Thisis a
consequence of the introduction of commuting as an additisag of being mobile. Commut-
ing allows workers to continue living in agglomerations ancogimnjg the benefits of a larger
product variety, despite high housing costs, since they magsehto commute to another place
(another region) where they receive higher net-of-commuting-ewatges, which in turn en-
ables them to cover the high housing costs at their placgiofli This observation is especially
true for skilled workers, who generally are more mobile than ureskiorkers. In contrast to
the previously cited literature, consumevrerkers arenot forced to commute in the present
model, but they may do so if they find it rational. Hence, a wgdarsumer has three options
of being mobile- to move, to commute, or to stay.

The remainder of the paper is organized as follows: Sectionr@dnces the model, Sec-
tion 3 briefly lines out the analyses being conducted. Sexte® analyze the core-periphery
patterns, the influence of commuting on industry-shares, areffésts on the agglomeration
of firms and people for our three basic scenarios, which are uegkélbor mobility, skilled
labor mobility and the mobility of both types of workers. Fiyalwe turn to investigate the
robustness of our model (Section 7), while the last Section sanmas and concludes.

4A good example for such a situation is the city of Atlanta (GAhere average commutes are quite long
(34 miles or about 55km) and the rush-our lasts more or Iédsplong (The Economist, 1999b). Also in
Chicago, 11% of the population commute at least 60 minutest one way (The Economist, 1999a).
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2 TheModd
2.1 Houscholds

There are two regions, referred to as regions 1 and 2, and indeXgdjas {1,2}. In order
to obtain a good sketch of the regions’ economies in the mdu¢h regions produce three
goods,Z, X andD, reflecting the three main economic sectass a homogenous agricultural
good produced at constant returns to scale by a competitivstigdX-goods (manufacturing
goods) are dferentiated in the usual Dixit-Stiglitz-fashion (see Dixit arij8z, 1977). Firms
may sell on the local market and export to the other region, wherentimber of firms from
regioni is denoted byy. Therefore X;; are the exports of regiorbased firms to region® X
denotes the consumption ¥fin regioni, being a CES aggregate of the individual varieties.
are homogenous, non-tradable and region-specific services ptbdogetitively at constant
returns to scaleD{ denotes the services consumed and produced in regionon-commuters,
andei + D‘J?i is the amount of services consumed by commuters from reégieino are allowed
to allocate a fractiond) of their income spent on services to buy services at theiepthavork
(D‘j:i) — imagine going to the hairdresser’s or eat lunch at the place dk.wdhe remaining
fraction of income devoted to services consumption,dl is spent at the place of livind").
The utility of regioni (U;) can thus be formulated as follows:

x? [ope+ (Df + D) (zi + Z3) "7,

Ui

o-1

o1 Xii \° 71
[ni(xii)" +nj(ﬁlr) ] , 1)

wherea denotes the Cobb-Douglas expenditure share féerdintiated productg, the one for
services, and- > 1 is the elasticity of substitution between varieties of treofactured good.

We assume that-goods are costlessly tradable across regions, wh&rgasds trade incurs
iceberg transport costs)( which are symmetric for either direction of shipment. In terms
of quantity, one unit of consumption of afvariety in regionj requires a firm in to send
(1 + 7) units. For convenience, quantities ¥fare defined as firm-specific productions for the
respective foreign market.

As usual, the consumer’s maximization problem can be solvegdrsteps. In the first step,
each varietyX; needs to be chosen such that it minimizes the cost of atta¥inwhatever the
consumption ofX;; is. In the second step, consumers allocate income betweéhdbed, the
services D), and the composité-good. Letp; be the price of aiX-variety in region produced
by a firm in regionj. The price for the homogenous agricultural gogdis indexed once, since
all (indigenous and foreign) homogenous goods consumed agke $atationi must face the
same priceg;. Similarly, the price of services;, is equal no matter whether local residents
or inward-commuters consume services in regioVe takeq; as the nuraraire. Furtherp;

Xic

SWhenever we useand j from the se{1, 2}, this implies that # |.
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denotes the price aggregator, defined as the minimum cost ofdagie unit ofX; at pricesp;
of an individual variety:

Pi = IT)}JIIHZJ: Pii in s.t. Xi =1 (2)
The first-stage budgeting problem leads to:

Xi=(pi) 7Py, vV ijefl2), ®3)

whereY; denotes total expenditures of consumers in regjcand p; = p;(1+ 1), i.e., the
local goods price in regiof (p;) including transport costs (& 7). Identical price elasticities
of demand and identical marginal costs (technologies) wighiegion ensure that the price of a
locally produced manufacturing good is equal to the mill prigesigports. Hence, prices of all
manufacturing goods produced in one region are equal in equitibrp; denotes the price of
all goods produced in regianWith these assumptions, the price aggregBtaf differentiated
goodsconsumedn regioni can be written as

The second-stage budgeting yields the division of expereditamong the three sectors:

|
D" + Dci + Dci EY- (6)
i i j - r [
l-a-
Zi +Zj = TY; (7)
|

2.2 Commuters

The basic idea is to look at commuting across cities or regwhi&h means that we are look-
ing at two neighboring regions where an individual may consiides feasible and rational to
commute on a daily basis. Workers living in regiowill decide to commute if their nominal
wage net of commuting costs in regiftis larger than their nominal wage in region

The set of strategies of mobility patterns available for coremgtworkers in the present
model is as follows (see also Figure 1): Firstly, workers decide wtweveork by comparing
net-of-commuting costs wages, and secondly where to live by adnmgpreal wages across
regions. In other words, people first look for a job and then decidergvto live. Hence, the
integration of commuting into this paper sort of precedes taedsird Krugman-type mobility
decision, and probably reflects the usual mobility pattern opje at least in Europe: before
moving to another city for a new job, one decides to commutecantinues living at the same
place. Following this basic decision logic, three optionsefti (i) live and work in region

SFigure 1 shows these options, from the left until the veHioa in the diagram.
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Figure 1: Decision Tree for Consumeé¥gorker’'s Mobility.

migrate if
W <Wy

commute if

WL1<WL,]'(1-V) commute back if

wr;<wri(1-y)

1, (ii) live in region 1 and commute to region 2 for work, (iii) move tegion 2 and work
there. Intuitively, there is a fourth strategy for consumeoskers, which would require a
two-period model to be fully captured. The main reason is thattdredard NEG-model looks
at instantaneous changes of equilibria, and not at adjustpreness between two long-run
stable equilibria. The decision to move away from the home regjiorio region 2 and then
to commute back into region 1 for work would require to look at thdgiatment process. In
other words, this strategy involves two decision processdseokind lined out in the previous
paragraph. On the other hand, the remaining three strategies,(cuoueute, stay), which are
the ones being addressed in the paper, only require to run thraggbuch decision process. In
the paper, we do not address this fourth possible strategy ekplgince we cannot track this
possibility within our modé.

Let w;, wsi andwy; denote the factor rewards for unskilled labor, skilled labod E&nd in
regioni, respectively. In region the group ol; + S; workers, is split into people who live and
work ini (L + Sji), and people who live im but commute to work into regiof (L + Sj;)°.
Commuters incur some iceberg-type commuting cogtseducing their wage, such that the
wage net of commuting costs for a commuter frioim j is (1-y)wyj or (1-y)ws j, respectively.

"Figure 1 shows also this option, to the right of the vertiga in the diagram.

8The decision of once having moved from region 2 and then tonset@ back into region 1 would also
feed back into to remaining process of workers deciding @hemwork and to live, and might thus lead
decisions taken by others to be not optimal and hence alsongprlin stable equilibrium.

9The first subscript denotes the place of living, the secobdaipt the place of work of people.
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Hence, the commuting conditions for skilled and unskilledkees are as follows:

Wi >wj(1-7) L Lij >0,

WsiZWsj(l—’y) 1 Sij >0,

(8)
(9)

where L indicates that at least one of the adjacent conditions hasltbwith equality. The
commuters live in their home regiofh;( andS;; in regioni, Lj andSj in region j), cover
their housing costs there, and spend most of their incomeein ttome region. Recall that
commuters are also allowed to spend a fracti®nof their income devoted to service8) (n
their region of work.

In order to cover the workers’ need for housing space, they consm@enit of immobile
land (T;). Hence, the associated housing costsmafie Workers spend their money where they
live, which means that the amount péople buying goodss regioni is L; + S; plus the net of
the inward and outward commuters’ fraction of income spent at ldoeepf work for services.
The number opeople employeih regioni is L +S;; + L +S;i, i.e., workers living and working
in i, plus inward commuters, i.e., workers commuting from regiamto regioni.

However, the commuting-decision alone would imply that esithll workers commute or
all workers do not. The corresponding centrifugal force comes from tipgrement that all
workers incur housing costs in terms of the immobile factor I@RY We will return to this in
more detail in the next section. As in the standard NEG-modelsyfwourse also allow for the
usual opportunity of migration between regions according tbdrigeal wages.

2.3 Factor Markets, Production and |ncome

Assuming thatZ-production only uses landr{, variable unit costs (i.e., marginal costs)
satisfy
Czizwri L1 Zi =0, (10)

This implies
czi>q; L Z;>=0. (11)

D-production is also perfectly competitive, but with each firm pidg under a CES tech-
nology, using unskilledl() and skilled §) labor (where by is the codficient forS and '1- b’
for L), with a technical rate of substitution of @l — p) (-0 < p < 1). The region specific
unit input codficient for the two factors oD-production can be derived by cost minimization
subject to this CES technology:

e (b) l( b) +(1—&3) (12)
(W VT V\éﬁ W\
= (755) l(b) +(1—b) ] (13)



Review of Economic Analysis 2 (2010) 110-134

There is monopolistic competition in thé-sector, and again each firm produces under a
CES technology, using unskilled labor and lafig (where @' is the codficient for L and
"l — a for T), with a technical rate of substitution of @ — p) (-~ < p < 1). As all firms
face the same factor prices and the CES technology is honmtakfirms in a region face the
same unit input cd@cients. The region specific unit input dheients for the two factors of
X-production can be derived by cost minimization subject to@&S technology:

w - (P |
SRR IR g

Additionally, X-sector firms require unskilled labos ;) and land to set up plants(y),
leading to increasing returns to scale in production.
Factor market clearing in regiarfor labor (L, S;) and land T;) requires

Li +Li(l-y) > awx (niXii + niXi,-) +anin +
aq(D°+ D' +Df) L w20, (16)
Si+Sj(1-7) > asa(D[°+D+D) L wsi>0, 17
Ti 2 & (MXi + ) + Zi + Zj +

arnini + L+ S L wgi=0. (18)

Variable unit costs of producing afrvariety in region are given byCxj = a xWyi + at xiWri.
There is a fixed markup over variable costs, which is determindléglasticity of substitution
between varieties. Given that under CES-utility demand fowvatieties is positive, we may
write

Pi = CXiO_ 1 (19)

Free entry implies that firms earn zero profits, since operating peoitsised to cover fixed
costs. The corresponding zero profit condition determines théarswf firms.
Firms ini have to bear fixed costs &Cy,; = a nw.i + arnWri. The zero profit condition,
therefore, implies
pi (Xi + Xij
FCyi > PO+ %) L nm>0. (20)

a
All factors are owned by the households, so that consumer ia¢om, GNP) net of com-
muting and housing costs in regiors given by

Yi = [WLi Lii + WLj(l—V)Lij] + [WSiSii + WSj(l_'}’)Sij] -
wri(Li + Si) + wriT; (21)
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The first two RHS-terms in square parenthesis constitute the imod=l workers of each type
living in regioni, the third term captures the housing costs of workers, and theelastis
the factor income of land. The equivalence of total factaoime {¥;, Y;) and demand in each
region implicitly balances payments between regions.

Real factor rewardsd) are normalized by region-specific costs of living,
P-or P, and are thus given by:

wi = WP P ke (LS T (22)

3 Analyzing the M odel

In contrast to the standard NEG-modalis Krugman (1991b), production of the manufacturing
good uses two input factort @ndT). In those models it is straightforward to assume that the
factor used in the manufacturing sector is mobile across regionine with the literature, all
factors are immobile in the short run. In the long run, we investigitiations where either
L (intensively used in the manufacturing goods producti@fintensively used in services)
or both types of labor are mobile. In addition to the standardiliphssumption in terms of
migration, we include commuting in our analysis. In practibés imeans that regian workers
may choose to either (i) live and work at the same place (reiofii) live in regioni and
commute to region, or (iii) move to region; to live and work there.

Based on the wage net of commuting costs, workers decide whietttemmute or not.
Those workers who do not commute are then left with the choicehghéb migrate or not,
which is decided by the real wagefidirential between the two regions (see also Figure 1). A
long run equilibrium is defined similar to Krugman (1991b) by realye equalization across
regions (i = wyj if unskilled labor is mobilews; = wsj if skilled labor is mobile, and
wLi = wLj A wsi = ws jwhen both types of labor are mobile). The stability of this &htum
is analyzed by exogenously reallocating one unit of ungkibe skilled labor, respectively,
to the other region, and deriving the new short run equilibriumentHirms are allowed to
enter and exit to avoid losses and to exploit profits. If thislogation of labor results in a
decline of the corresponding real wages in the immigration egutite initial equilibrium is
stable. Otherwise, the initial equilibrium is unstable, hessaeven more workers would have
an incentive to migrate.

As already lined out briefly, we want to focus on th&eliences in the development of the
agglomeration of firms and people. In our model, this becomesilgeshrough the introduc-
tion of commuting and housing costs. That means, workers mdytfimorthwhile to commute
to the other region and receive a higher wage there (i.e., hetnoimeing costs), and to con-
tinue to live in their home region. The higher wage may enddant to stay in their home
region even when housing costs are higher than in the othemreggdong as their disposable
income for consuming goods is still positive after deductingding costs. This feature of the
model reflects the frequent observation, that people tend to be rloictant to migrate than to
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commute when deciding where to work (particularly in Europe). Coueetly, it becomes pos-

sible that the one-to-one relationship between the aggloraratifirms and people in standard
NEG-models becomes disentangled to a certain extent. Hanoelasd reasoning that workers
follow firms and firms follow workers may not hold in this model. Puteliently, these three

options for people to decide on where to live and to work also redligierent degrees of mo-

bility in general (stay, commute, or migrate), notwithstandinagt all three decisions may be
rational in equilibrium.

In our model, we analyze threefldirent mobility settings. We always allow both types
of labor to commute, and with respect to migration, we eithemal or S separately to be
mobile (in order to reach comparability to the existing NEG-litera), and finally investigate
simultaneous migration d8 andL. For all the scenarios analyzed, we let transport and com-
muting costs vary between 1% and 99% of the goods price and thenabwage, respectively.
Of course, as the commuting costs approach 100% of the nomage weommuting reaches
zerd®.

The following analyses show threefidirent things. The bifurcation diagrams illustrating
the core-periphery patterns depict the places of living of pedpbe each of these bifurcation
diagrams, we provide the corresponding diagrams of the indusirgsiper sector per region (as
percentages of production volumes), and of the commuters (ashpages of the population).
Combining these three features within each of the following adea enables us to identify the
places of livingand theplaces of worlof the population, as well as thigstribution of economic
activities(i.e., production volumes) across regibhs

4 Scenario 1: Unskilled Labor Migration
4.1 Agglomeration of People

This first scenario is the one which is most closely comparablihectwo-sector and two-
factor NEG-models following Krugman (1991a,b). This is becauseare now looking at the
mobility of the production factor which is intensively usedmanufacturing. Thus, in the case
of unskilled labor mobility, we obtain an agglomeration pattwhich shows some similarities
to Puga’s (1999) bell-shaped agglomeration pattern. In our modigithe bifurcation diagrams
of the resulting core-periphery patterns show similarities to K§89), while the underlying

we have chosen the following parameter values for our sitioms: ¢ = 4, @ = 0.4, 8 = 0.55,
a=b=06,p=-10,L=L;+L, =100,S = S;+S;, = 30, T = T;+ T, = 400, with the immobile factors
being equally distributed across regions, unless anytlisgyis mentioned. Note that we have chosen the
income-expenditure shares for each sector such that theghlp correspond to modern industrialized
and service-oriented economies. For simplicity, we assuyameda to have the same values fSrandL,
andX andD, respectively.

n the following three sections, analyzing the three mainscios, we do not depietl the analyses
conducted for each of them. We rather focus on the mostiiitigé issues, in order to keep the paper as
compact as possible.
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structure of the model is fierent. However, some of the reasoning is similar, since Puga
(1999) looks at scenarios with and without migration, whileghesent analysis looks at cases
with and without commuting. To make this clear, the bifurcatitagram of Figure 2 showing
the core-periphery pattern farmobility is split into three parfg. Starting on the left at low
transport and commuting costs (untiE y ~ 0.32), either a symmetric equilibrium or partial
agglomeration may occtit. In other words, the economy may either end up in a convergence
(i.e., the symmetric equilibrium), or in a divergence setting.(ithe partially agglomerated
equilibrium). Which equilibrium prevails is determined endogesly (see Krugman’s "history
matters” in Krugman, 1991a). At intermediate transport and conmguiosts (B2 < 7 =

y < 0.84), the only long-run stable equilibrium outcome is partial agggration, which is
fully in line with Puga’s (1999) results. This means, interméaligalues ofr andy for sure
lead to divergence between the two regions. Finally, highspart and commuting costs (from
7 =y ~ 0.84 onwards) lead to a weakly partially agglomerated equilibri@mfiguration with
weakening agglomeration as transport and commuting costs Tise.reason is that housing
costs rise as the agglomeration becomes larger, and may evegigluthe advantages of having
access to a large market, such that there are incentives forepgopt-disperse. Thus, also
here we qualitatively obtain Puga’s (1999) results in a sereehligh transport costs lead to
convergence across regions, since it makes sense for firms totkeivenarkets locally in
order to avoid transport costs. Except from the very right of thisrbiftion diagram, here there
is no symmetric equilibrium, which is a result of the productiechinology assumptions and of
the introduction of commuting.

Rephrasing these results, the agglomeration patterns desahbed (see Figure 2) depict
the places of livingof people. For instance, at equilibria wiely; = 0.5, half of the population
of unskilled workers live in each region, and also half of thdlettiworkers live in each region.

Enlarging the analysis, and using Figure 2 in combinatioh Wigure 34, allows to identify
theplaces of worlof people. For instance, if regians small in terms of unskilled labor, about
8% of unskilled workers live and work in regidn and the remaining 92% in regiop(see
Figure 2). Skilled workers are only allowed to commute in this ficggrario. Our analysis
shows that more than 50% of the skilled workers of regioommute to regior), which means
that at least 75% of all skilled workers work in regipiisee Figure 3, right panéP Thus, as
far as skilled workers are concerned, their places of living aspeatised, while their places of
work are quite agglomerated.

2| all the bifurcation diagrams, solid lines denote long-stable equilibria, whereas dotted lines depict
unstable equilibria.

3Note that in the following we writer = y’ only because the simulations were run with simultaneous
changes of transport costg @nd commuting costg/.

YFigure 3 shows the commuting patterns for this scenariodin types of workers.
15|l the figures depicting where commuting occurs (i.e. Figur@s &8nd 11pnlyindicate whether there
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Figure 2: Core-periphery Pattern with Mobile Unskilled LabodAs = A1 = 0.5.
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Figure 3:L-commuters (left) an&-commuters (right) Corresponding to Figure 2.
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4.2 Commuters

In this scenariol.-workers only commute when their home regiois very large, whereaS-
workers commute when regians small (in terms of the mobile factdr). Commuting is not
that important forL-workers since they also have the opportunity to migrate. Furthermo

are commuters (the dark-grey areas) or not (the light-gregs, they are not informative with respect to
commuting volumes or percentages. The percentages medtaye taken out of the simulation results.
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unskilled labor wages are usually lower than skilled labogesg and hence commuting costs
play a larger role. Thus, unskilled workers only decide to cotemthen region is very large,
and hence housing cost are very high. Only up to 8% of unskilledke&rs commute. Fds-
workers it makes sense to commute to regjahregioni is small in terms oL, since in this
case, region is the large one and thus requires a large amount of skilled weorkeorder to
produce all the services demand@&idoods). That mean§-workers from region receive a
higher wage in regior) and additionally benefit from the comparatively low housingte s
their home region. Hence, up to about 70% of skilled workers sh®o commute.

Disallowing commuting for unskilled (skilled) workers, skilléunskilled) workers com-
mute to a larger extent, where this increase is stronger foedkillorkers. Of course, as com-
muting costs rise, the number of workers who commute decreasiealldwing commuting
at all (see Figure 4), again leads to a replication of the bellethagglomeration pattern of
Puga (1999). Here, there is a long-run stable symmetric equilibrilen ¢onvergence across
regions) both for low and prohibitively high transport and comimgitosts t = y 5 0.32, as
well ast = y £ 0.97). The same core-periphery pattern occurs when disallo84ogmmuting
only. This is due to fact that in the case of moHlilel-commuting is of less importance, and
thus the diference between no commuting at all and Si@ommuting only becomes unob-
servable. Subsequently, by disallowibhgcommuting only, the qualitative results regarding
the core-periphery patterns obtained are the same as in the refesmscwith both types of
commuting being allowed.

Figure 4: Core-periphery Pattern Corresponding to FigureithdMt Commuting
andAs = A1 = 0.5.
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4.3 Agglomeration of Firms

Next, we look at the corresponding agglomeration of firms in eagionein the long-run sta-
ble equilibria of the core-periphery patterns by computing theivelandustry-shares for all
the three sectors{( D, andZz). Still sticking to our unskilled labor mobility scenario,ethm-
portance of commuting for all the three sectors is especiallgrobble at lower transport and
commuting costs (until about= y ~ 1/3 of the goods price and of the nominal wage, respec-
tively). Note that this range of transport costs corresponds tent@rically relevant range of
these costs (see, e.g., Baier and Bergstand, 2001). Comnaffets the distribution of sectors
between the regions in a somewhat diverging way, in parti¢hkaservice sector (see Figure 5).
This means, commuting induces the distribution of industddse more unequal as the size of
the regions in terms of the mobile factor (unskilled labor is ttase) varies. In other words, in
terms of production volumes, there is divergence. This is trueost values ofl,j, whereas at
extreme diferences in the size of regions, commuting leads to converdenogpare the left-
and righthand panel of Figure 5). At higher values of transportcantimuting costs, thisfEect
diminishes since commuting becomes less attractive dugteehcosts. As a result, industries
are generally less concentrated due to high transport costs, &elsregion’s share of indus-
tries is higher than in the non-commuting scenarios. Thesengigms hold true for all the
three economic sectors in the model. Since skilled workers migycommute but not migrate
in this scenario, this divergindgfect of commuting is strongest for skilled workers and thus for
the service sector (see Figures 5 and8).

Looking at the productioraluesinstead of productiorolumesit turns out that the value
of the services and manufacturing goods produced is higheicdbe where commuting is
allowed than in the non-commuting case, despite the lowenjatazh volumes.

5 Scenario 2: Skilled Labor Migration

In the case of mobile skilled labor, i.e., skilled labor isoaled both to migrate and to com-
mute, full agglomeration in one region is the only long-run stageilibrium for all values of

transport costs (see Figure 7). That means, there is always divergetween regions, and the
symmetric (i.e., convergence) equilibrium always remainsalbist This is fully in line with the

higher degree of mobility, and with the observed agglomeratmadency of skilled labor (see
for instance Egger et al., 2007; Ottaviano and Thisse, 20b2I& and Shields, 1989). Em-
pirically, not only the higher degree of mobility of skilled wers is observable, but also that
skilled workers are ready commute longer distances than uedkilbrkers (see for instance

8Note that we only show the graphs for the service sector, avtier éfect is largest.

Figures 6, 9, and 12 depict thefidirences in productiomlumesor the three major scenarios between
cases where commuting is being allowed and cases withoutncoimg. Inall these diagrams, the light-
grey areas indicate that production volumes are higher whermuting is allowed. The opposite applies
for the medium-grey areas, whereas there are fierdnces in production volumes in the dark-grey areas.

124



GRUBER To Migrate or to Commute?
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Figure 7: Core-periphery Pattern with Mobile Skilled Labor apd= At = 0.5.
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Figure 8:S-commuters Corresponding to Figure 7.

R1

fects on the resulting agglomeration structure. However, it bassmpact on the distribution
of firms between the two regions. Without commuting, the diatidn of firms becomes pro-
portional to the number of workers living in each region, justrathe non-commuting case for
unskilled labor mobility, while the full agglomeration coreripdery-pattern remains stable.
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This again confirms that introducing commuting into a NEG-madliletntangles the agglomer-
ation of firms and people.

With mobile skilled labor §), however, there is a ferent result regarding the influence of
commuting on the agglomeration of firms and people than in the caunskilled labor mobil-
ity. In terms of the productiomolumesof services D), the possibility of commuting equalizes
the distribution of economic activity among regions (see Fig@)reince services are assumed
to be demanded locally. Figure 9 shows th&eatences in production volumes between the

Figure 9: Diterence inD-production Volume in Regionbetween the Commuting and the
Non-commuting case§ mobile.

R99

H R

case with commuting being allowed and the one with commuiigigg disallowed. Note that
the areas with positive or negativeffdrences in production volumes between the commuting
and the non-commuting case (see Figure 9) corresponds exadilysm areas in the factor box
where skilled labor commuting occurs (see Figure 8). In other wokekpite the agglomeration
of people in one region, production activities remain somewfate dispersed as commuting
is introduced. Thus, also more peripheral regions are not left withoy economic activity

in the agglomerated equilibria as in standard NEG, which alstesponds to the observed
job-decentralization by Cervero and Wu (1998). Furthermore, thidtralso provides some
potential for regional policy measures, such as the structuralsfpnograms by the EU (see
also Gruber and Marattin, 2009, for regional policy applicatiohNEG).
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If the two regions are unequal in terms of their endowments witl @; = 0.4, T; = 0.6),
which represents what is usually associated with the 'siza’refjion, the share &commuters
increases slightly if the region with le§shas the major part of the mobile factd,(in this
case), but there are no significant qualitative changes. Aaagisdialso the production volume
of services in the skilled labor scarce region increases sjiglith a rising share of commuters.
The production of the agricultural good is moiféegted by unequal -endowments, since land
is the only input in th&Z-sector. Thus, the share of agricultural production in a regioredses
in a more pronounced way as the region hosts larger fractions oergrk

6 Scenario 3: Migration of all Workers

Using the same setup as before and allowing both types of latim mobile (i.e., to migrate),
a rather strong partial agglomeration develops at all valuesangport and commuting costs,
while the symmetric equilibrium remains unstable. That metnesplaces of living of people
tend to be quite agglomerated, where especially skilled wodsersoncentrated in one region
(see Figure 10). Here, the intensity of agglomeration is over 9@%over 90% of the mobile
factor(s) are concentrated in one region which is due to the nybiliskilled labor.

Figure 10: Core-periphery Pattern with Mobile Skilled and kithed Labor andit = 0.5.
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Looking at the importance of commuting, this scenario agairfions the diferent degrees
of mobility of skilled and unskilled labor (see Figure 11). Sarly to the previous scenario
with skilled labor mobility only, skilled workers commute tdaager extent as regiarbecomes
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large, whereas unskilled workers hardly commute. Again, thimainly attributable to the
fact that if unskilled workers do not migrate at a larger scdleytdemand services in their
respective home region, which in turn makes it attractive foteskivorkers living in the larger
region to commute to the smaller region for producing services.

Figure 11:L-commuters (left) an&-commuters (right) Corresponding to Figure 10.

Auis A

Comparing this scenario to the previous two (see Sections 4 arev&ls that the impor-
tance of commuting decreases to some extent. However, itmsroésignificant importance in
the empirically relevant range of transport and commuting costs (ip to about = y ~ 1/3).
This is illustrated by plotting the fferences in production volumes bf andX-goods between
the cases with commuting being allowed for all workers and cotimguoeing disallowed for
all workers (see Figure 12). As in the previous scenarios, the ardapaedgitive or negative dif-
ferences in production volumes in Figure 12 mirror those situatwinere commuting occurs.
Note that the production of services is higher in the case oihaotimg being allowed, whereas
the production of manufacturing goods is lower. Both is a resiustkilled workers (i) living
in the larger region, which means they buy their manufactugimgds and some services there,
and (ii) are allowed to commute, which means they buy some af seevices in the smaller
region and contribute to the smaller region’s production of sevi

Again, also this scenario confirms empirical observations ofofifimuting becoming more
and more important due to decreasing 'pure’ transport costs, (iijetigency towards urban
agglomeration (see Anas, 2000), and (iii) local trends towardsdgdentralization and the
development of sub-centers in agglomerated areas (see Cerveraiaid98).
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Figure 12: Diference irD-production Volume (left panel) ang-production Volume (right
panel) in Region between the Commuting and the Non-commuting casadS mobile.

My hsi

Altering the initial endowments with land’( = 0.4, T; = 0.6), leads to interesting results.
Obviously, the production of agricultural goods is lower in tkgion with the smaller share
of land. Furthermore, also the production of services is lowehéah tegion when it hosts the
major share of workers. This is due to the fact that there are ledsevaoagglomerated due to
the smaller space available in that region, which also leatigiher housing costs as the degree
of agglomeration of workers increases. The small region in ternisefen shows decreasing
production volumes of manufacturing goods as a certain papul#treshold is passed (over
about 70% of the total population endowment). Recalling ¥igbods production also requires
land as an input factor, scarGebecomes decisive in the productionXfis many workers live
in that region, since the workers demand land too, in order tordbed housing needs.

7 Sensitivity Analysis

Investigating the robustness of our results, we discuss vam@bf the parametersandg, the
income-expenditure shares for manufacturing goods and serspgctivelyp, the technical
rate of substitution (TRS) between input factors Xerand D-production, andr, the elasticity
of substitution between varieties of the manufacturing géail.every new parameter value, we
analyze the fects with respect to our reference cases for unskilled and skalbed mobility,
as well as for the mobility of both types of labor. These referarases correspond to Figures
2,7,and 10.

As the economies become more services-oriented, i.e., lowernimiile increasings, the
agglomeration tendency increases, since services are regioifissgeods. Hence, a higher
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income-share devoted to services leads to a higher demandaifylproduced goods, and
to a more pronounced agglomeration pattern due to a higher defjimeeard-migration and
commuting.

When changing the TRS between the input factors for the pramlucf manufacturing
goods and servicep), we generally find that a lowes, hence a higher TRS, leads to less
pronounced agglomeration patterns, since the relatively scadrigtion factor in one region
can be substituted more easily by the relatively abundantrfathis observation holds true for
all of our mobility-scenarios. Moreover, it is also valid in asgunterfactual where commuting
is disallowed.

A higher substitutability between the varieties of the maotifring good ) leads to a very
minor increase of the degree of agglomeration, whereas a levetiows the oppositeftiect.
This also holds true for all scenarios. The minor role played tangles ot is due to the fact
that manufacturing goods make up only 40% of a consumer’s busfdjoods.

Furthermore, we run counterfactual scenarios of the model witightlsi altered model-
setup with respect to commuting costs. In the counterfactu@dety assume fixed values (of
5, 20, 50, and 70% of the gross wagg andor ws;, respectively), while leaving the introduc-
tion and simulation of transport costs) uinchanged, and controlled for all our threfelient
mobility scenarios. Basically, the qualitative propertieshaf agglomeration patterns in all the
scenarios remain valid (partial agglomeration in thenobility scenario, full agglomeration
with S-mobility, and strong partial agglomeration wiBt and L-mobility), and the standard
NEG bifurcation diagrams could again be reproddedhe results prove to be qualitatively
robust also with respect to the commuting patterns, and heedenffortance of commuting in
the analyzed scenarios. These counterfactual scenariosavitius fixed values of commuting
costs confirm the findings of Ottaviano et al. (2002), that anjtipescommuting costs lead to
divergence at low transport costs, while agglomeration isdestinable or optimal as transport
costs become larger.

8 Conclusions

So far, New Economic Geography has mainly been dealing wighntigration of workers,
which quantitatively seems to be of less empirical relevahaa tommuting. Commuting has
been of little importance in NEG (for the current state of researeh,fer instance the ap-
proaches in Murata and Thisse, 2005; Ottaviano et al., 200®jché and Thisse, 2006), since
the scope of the NEG-models is somewhat larger, i.e., theyeakng with larger geograph-
ical units (regions or countries) where commuting tends to bess importance. The urban
economics literature, on the other hand, extensively dedlsa@immuting. Here, commuting
is viewed as occurring mainly inside cities, as for instanceveeh residential zones and the

8In order not to overload the paper, we refrain from displgytime corresponding diagrams.
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CBD, or investigated in its importance in terms of city-structame city-formation (see Abdel-
Rahman and Anas, 2004; Fujita et al., 1999; Fujita and Th3@2, for an overview). Murata
and Thisse (2005), Ottaviano et al. (2002), and Tabuchi and § (2896) implement the urban
economics approach of modelling commuting in analyticadllyable NEG-frameworks.

Our approach diers from the existing literature in several respects. It aims atistjdio
the NEG-literature in the line of Krugman (1991a,b) in terms of tleelailing setup, while also
introducing the three main sectors of an economy, agricultureufaaturing and services, in
order to obtain some hypotheses regarding the places of lividgvark of people, as well as
on the distribution of economic activities across regions. sThhis paper contributes to the
suggestion of Fujita and Krugman (2004), to integrate urban feasweh as commuting into
geographical models.

The main result of our analyses is that the introduction of catimg and housing costs
into the NEG-model allows to disentangle the agglomeratidiriois and people. Commuting
allows workers to continue living in agglomerations and emgythe benefits of a larger product
variety, despite high housing costs, since they may choasanonute to another place (another
region) where they receive higher net-of-commuting-costs wageishvin turn enables them
to cover the high housing costs at their place of living. Tdtiservation is especially true for
skilled workers, who generally are more mobile than unskilled ek

Summarizing the findings from the three scenarios witfedeént mobility patterns (Sections
4-6), we are generally able to show that commuting is in fact an itapbfeature in shaping
the agglomeration patterns of firms and people. We confirm sevadihdjs of Ottaviano et
al. (2002), Murata and Thisse (2005), and Tabuchi and Thisse (268&)ding the influence
of commuting and transport costs on the resulting agglomeratioicture. In contrast to the
cited literature, we are able to achieve those results (i) witfamatng consumeysvorkers to
commute, and (ii) despite strong (or even full) agglomeratioh riight occur, the peripheral
region is not being left without any economic activity, as iarstard NEG-models.

Furthermore, we are able to confirm some empirical findings regartimglévelopment
of agglomerations. We show that the disentangling of theaggtation of firms and peo-
ple depicts the observable patterns of job-decentralizatidritanformation of sub-centers in
agglomerated areas (see Cervero and Wu, 1998), while the trend soaggtbmeration (of
people) in urban areas still prevails (see Anas, 2000).
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