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Abstract

New Economic Geography models conventionally assume the consumekKplac® is

also his home. However, when applied on local levels, workers can comwWatpresent
a solvable model with NEG-type agglomeration effects, in which workersegply labor
away from their home. With high commuting cost, centrifugal forces cause Ripply

and inhabitants to spread. At low commuting cost, an industrial core regi@bogs with

smaller residential satellites, and workers commute into the core. The longsigential

distribution accordingly concentrates or spreads, but residentiallyr lergi®ns attract pro-
portionally more labor: the jobs per head increase in regional size. Shikg@ersist when
including transport cost and a more generalized utility function.
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1 Introduction

When models of the New Economic Geography (NEG) are appliegtits, the
characterization of intranational mobility should diffeomn international mobility.
In addition to relocating, workers may commute from thegioa of residence to
their region of work. This possibility features in few of theeoretical models in
the NEG-fashion. Yet, commuting options significantly attee outcomes of such
models, and they are empirically well-established.

Sizeable commuting between regions are no minor phenomekithough the
mean travel distance to and from work is around 16 kilomatetse Netherlands
in 2005, 7% of the respondents in the Rijkswaterstaat (200&ey report travel-
ling over 50 kilometers to work. This means a substantialipoof workers could
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travel distances from Amsterdam to Utrecht (22 minutes &ynjror Rotterdam (40
to 60 minutes by train) - places other than their home rediofEuropean coun-
tries, substantial shares of the workforce report crossidd S-2 regional borders
for their daily commute. Shares around 10 % are not uncomidethérlands, Ger-
many, Denmark), the UK approaches 20%, but in France 1 in 28ex® crosses
borders (OECD, 2005). Likewise, in the US, around 8.3% of comens traveled
out of their own metropolitan area, moreover, the intercaiynmuting flows in the
US grew nearly three times as fast as internal commuting floves 1980-2004
(Pisarski, 2006). Furthermore, Pisarski documents thatrat half of commuting
flows within metropolitan areas are not destined to a cehtrsihess district, but to
other employment centers. Aguilera (2005) makes similaeokations for French
cities. Such commuting flows also have substantial effecthe urban landscape,
for instance leading to "jobs-housing imbalances" (Levit#98). As argued and
documented by Glaeser and Kohlhase (2003) and Anas (20@4dittance deter-
rence that most shapes the national urban structure mayenibietfalling freight
transport cost, but the cost of moving people.

To explain such commuting flows and their consequences, wea @eographical
economics model that considers a general equilibrium ofjtfwals, labor and land
market. The general equilibrium approach seems to impriogepartial equilib-

rium (transport market) analysis of commuting (Rouwendal Bijkamp, 2004).

In our model, both firms and households are footloose, arw $aTations of con-
sumption and labor supply do not need to coincide, we caaréifitiate regions by
a residential and an industrial function. In the long tern@ tonsumer’s location
decision is interdependent: the residential choice andhating choice are made
jointly. This is consistent with recent empirical evidemmddroushold’s location de-
cisions (Eliasson et al., 2003; Romani et al., 2003; So e2@01). A residence’s
desirability depends on the local prices and employmenbdppities, but nearby
jobs have an option value - a labor market potential from #it supply side.

In Sweden, Swardh (2009) even finds evidence that the avemgmuting time

increases after a residential relocation, suggesting agtmgtime is compensated
by other effects of relocation.

The tradeoff between agglomerating and dispersive fotbescrux of many NEG
models, affects the commuting patterns. This is also nateother commuting
models' . With a frictionless labor market, like in our model, thesegienerally no
commuting between symmetric regions, so agglomeraticerealities are crucial
in generating positive commuting flows. In our framework vabrkers and firms

are footloose, and we choose land as an immobile factor teptéhe economy
from collapsing into a point. This means there is a housingkatain which loca-

tional features capitalize in the landprice. This is caesiswith empirical research

L In Pierrard (2008), commuters into the region may have a job-creatinggtieg") effect,
while the job search model of Epifani and Gancia (2005) shows that tya&externalities
lead to persistent unemployment disparities.



that shows access to labor markets translates into propaitge (Armstrong and
Rodriguez, 2006; Debrezion et al., 2007; Fingleton, 200&; ared Chan, 2003).
In addition, we assume some goods cannot be transportedmpfieations of the

non-transportable good are that the agglomeration of finasheuseholds is in-
complete, and secondly, that the cost of living in the comgeiserally higher than
in the periphery. This fits well with the empirical regulgribat living in large cities

is often expensive, which many NEG models fail to captureei@ikum, 2006).

Some papers allow intracity commuting in an NEG-framewdk.with the in-
terregional commuting cost presented in this paper, highdity commuting cost
hamper the formation of agglomerations and the inabilitsupply labor elsewhere
fosters spreading of economic activity (Murata and Thig8€5; Cavailhes et al.,
2007). Of the models of intracity commuting, Tabuchi andsgki (2006) are clos-
est to our paper because they allow for two types of manufagtgoods, which
allow for incomplete agglomeration in the long run. Thesalais assume inhabi-
tants work in their own region, so commuting is interpreteéa urban cost, while
our aim is to allow traveling to work in another employmemtes - intercity or in-
terregional commuting. To our knowledge, there are two rsottat provide such
a commuting option.

Grueber (2010) proposes an NEG model that explicitly alléawsinterregional
commuting. The model uses four goods (housing, agricyltmenufacturing and
services) and three mobile factors (firms, low skilled waoskand high skilled
workers). Manufacturing uses land and low skilled labomgsit, and services use
low and high skilled labor, both with a fixed technical ratesabstitution. Given
this extensive production structure, the analytical sotuts not straightforward,
so the conclusions are drawn on the basis of simulations. Wo#nlow- and high
skilled workers can migrate as well as commute, Grueber shbat (partial) ag-
glomeration is the only stable equilibrium. In that equililon, high-skilled workers
both concentrate residences in the core, and commute tceetighpry more com-
pared to low-skilled workers. The assumption that highle#tilabor is only used
in the non-traded service is decisive in the long run outcaiieen high skilled
workers cannot migrate, they commute from smaller to larggions (where the
wage is larger) whereas lowskilled workers with the abilitynigrate locate in the
large region to commute to the smaller region (in pursuit ahofacturing of ser-
vice wages). One strategy that is logically impossible forkers is to migrate to
a low housing price area while commuting back for higher vgagee. bedroom
communities are not an option in this model.

Borck et al. (2009), by contrast, propose a solvable modeh@fcommuting be-
havior in the NEG setting. Solvability is achieved througle tfootloose capital
or entrepreneur” assumption (see Baldwin et al. (2003, ehsy3 and 4), for in-
stance). The model assumes only high skilled workers arelep@md in addition,
they do not contribute to the variable cost of productionisTrestricts the price
level to depend on numéraire wage only, thus preventing tigevof the mobile



factor from entering the equilibrium equations non-lingarfhis setup yields rich
insight into the commuting decision, as it allows disentemgof supply- and de-
mand linkages and competition effects. Borck et al. varysjpant and commuting
cost independently. Without commuting cost, low trade ¢oster agglomeration
of industry but dispersion of residences. The opposite @éapfor higher trade cost:
residences concentrate and workers commute into the segadir. The home mar-
ket effect only dominates the competition effect when trfrdeness is sufficiently
high. Without commuting cost, the model predicts symmedquilibria are always
unstable. The intuition is that with commuting, the wageet$ and the cost of liv-
ing and housing market effects are decoupled. In particwi#in low trade freeness,
the cost of living effect is larger than housing congestleading to full agglomer-
ation of residences. With higher trade freeness, the hgymine effects dominates
the cost of living when the residential distribution is stifntly asymmetric, so
partial agglomeration of residence is the stable equilibriThe analysis becomes
complicated for positive commuting cost, so the authorsemea graphical anal-
ysis. Most notably, this leads to a band of inaction wherenthge differential are
too small to compensate commuting cost (i.e. at very low ghhevels of trade
freeness).

This paper presents an alternative model of commuting agbbageration. Com-

pared to Borck et al. (2009) it relies on a different speciftwabf trade cost to

achieve solvability. This allows us to to drop the assumptiba division between
mobile high skilled labor and immobile low skilled labor,canonsequently, the
assumption that high skilled labor is involved in a specifectf production or

industry. In comparison with Borck et al., we allow for a neaeled good, which
allows for stable symmetric residential equilibria. Duerégsidual demand in the
periphery, firm and household agglomeration are alwayswmpdete in our model.

In our model, home market effects are larger (smaller régivominal wages are
lower), so commuting from the core into the periphery is nogeyved. This pre-
diction is more restricted than Borck at al.’s (where coregdpghery commuting

occurs under high trade cost), but it is founded on a simpledehthat still de-

scribes the evolution of residential towns next to an indaistore. Our model is
certainly more stylized than the one put forward in GrueB81.0), but allows for

analytical expressions of the solution.

Finally, the specific key to solvability in our model is theisggnce of an interre-
gionally tradable and a non-tradable aggregate good. Theeggte goods draw
their inputs from intermediate firms that face increasirtgmeto scale. This con-
cept is not new in urban economics (Abdel-Rahman and Fuj@@0}l but when
applied to a two-region model it simplifies the price indegessiderably. The as-
sumption of trade cost over the aggregate goods preventsatiecost from enter-
ing the market-clearing conditions non-linearly, allogiior a solvable expression
of the condition. This is an alternative to the conventig@lable models of New
Economic Geography (Forslid and Ottaviano, 2003).



The next section develops a simple version of the commutiodehthat is ana-

Iytically solvable. This boils down to deriving wage ratifas two possible states,
one where the production of a transportable consumptiod goperfectly concen-

trated and the alternative where it is incompletely coneget. Subsequently, we
extend the model by varying elasticity between traded amdtrexled goods, and
the introduction of transport costs on goods in additioncmmuting cost.

2 Model

This section shortly lays out the structure of the econowiipdved by a more de-
tailed discussion on households and firms. Consumers andgemllocate in one
of the two regions in the economy. Households consume langioiasing, a freely
tradable good, and a non-tradable or local good. Both reqaoesndowed with
a stock of land. Landowners are tied to their land and havesdinge preferences
as workers. Workers live in one region but may choose to supelir labor in the
other region, incurring a loss of utility by commuting. Inethong run, workers
can change residence. Producers of the tradable and lomalkggjuire their inputs
from local firms and assemble their good using a technology tias a constant
elasticity of substitution between the inputs. Intermezfams produce the inputs
using labor under increasing returns to scale. The inpulstfaa local good can-
not be traded across region, but the tradable good can tsptead, for analytical
convenience the transport cost are zero in this sectiorhdmotation, | will not
subscript variables for the region if the equation holdsuiath locations.

2.1 Households

The consumer’s utility function comprises four items: aamgtion of the traded
and local good; andc,,;, housingh, and potential utility losses caused by commut-
ing, captured irf. Consumers have Cobb-Douglas utility over their consumption
of goods and housing.

U=clch,h =77 (1—0) (1)

The utility function yields a unit-elastic housing dematike in Helpman (1998).
The commuting cost are capturedfywhich is zero if a workers supplies labor in
his residential region, but is positive if the worker commutes to another region.
The form of the commuting cost is inspired by the time los®imed in commut-
ing. This utility maximization problem does not predict thverker changes his
supply of hours worked if his commuting time changes. Alijlodhe indepen-
dence of labor supply and leisure loss is simplifying, it too far besides reality
(Gutiérrez-i Puigarnau and van Ommeren, 2010). The funatiform also allows



the expenditure shares on housing and consumption goodsundifected by the
commuting decision. There is no direct financial cost to catimg, so all wage is
spent on housing and consumption goods:

w < Piey + Ppcn + Bruh (2)

whereP;, P,; and P, are the prices of the traded and local good and housing rental
rate. Landowners supply one unit of land so their incomg i heir demand func-
tions are equal to the workers’, with the wage replaced withland rental rate.
The utility function and budget constraint give rise to tleednd functions:

_ (—o—p
h="—5""

Cnt = % (3)

ow

Ct:?t

Given the homotheticity of the demand function and the atrlsehcommuting cost
in the budget contraint, the expenditure shares are indigmerof the commuting
decision; commuters, non-commuters and landowners éldba same share of
their budget to a good, and their consumption decision isfectad by commut-
ing. Considering a two-region setup, the tradable can aatgifirom any region.
However, the tradable good is homogenous, so at a given, goosumers do not
care about the good’s origin. For later analysis, it is usefalescribe the indirect
utility function by plugging the demand function into thelitiy function. The indi-
rect representation of the utility function can be writtsn(an affine transformation

of):
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Intuitively, the indirect utility function shows that comsiers have a preference for
higher wages, not commuting, and lower prices of the tradabdt local good and
housing.

2.2 Firms

There are three types of firms; the intermediate firms thatyare inputs, and pro-
ducers of the tradable and local (non-tradable accrostidéosd good that assemble
their product using inputs and labor. The producers of theable and local good
use labor and intermediate inputs with different intengiyypically, tradable goods,

such as manufactures or durable consumption goods aresivgan intermediate

products whereas the local goods may be thought of as serhiaerequire local

personnel. The difference in transportability ensuresgbie production is carried
out in every region. The cost of shipping inputs are prohibiin this model.



The existence of tradable and local good assemblers thairadgcal inputs is the
key to solvability in the model. Transport cost are incuroedthe final good, so
the trade cost are split over the harmonized price index @fitputs, instead of
the situation where every individual input producer induasmisport cost. Given an
elasticity of subsitution between the inputs, the currenis avoids transport cost
within the harmonized price index, which avoids transpodtentering the solu-
tions non-linearly. The assumption that trade cost are paily by the assemblers of
afinal good is a strong simplification. In particular, theragge trade cost indirectly
imposed on input producers declines in the scale of inpudyrtion in the region.
However, the assumption competes in realism with the atemassumption that
would solve the model analytically - the "footloose entreyna” assumption. Us-
ing footloose entrepreneurs removes the need for assesnblarintroduces the
prediction that the mobile factor does not affect the pritéhe final good. This
section solves the model for zero trade cost, as that yieldssightful version of
the model. The transport cost are re-introduced towardrideoéthis paper.

The tradable (subscrip} and local good producer (subscript) assemble inputs
y(7) to produce final good’, using a CES technology:

n 5%1(;@77.15
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wherei denotes a variety from the continuum of intermediate firnie ifiputs used
in the traded and non-traded sector are the same, but theysadewith different
intensity . Usually, the input intensity of the traded goay)(is assumed higher
than the input intensity of the local good,(). The price of intermediates jg).
The final good producers operate under perfect competithohtake the prices
as given to optimize quantity. Given the constant returnsctde assumption, we
view the final goods producer as a very large set of small fisosthere is no
monopolistic power in the final goods market. The profit fumetbf the final goods
producer is the aggregate revenue minus the expenditurgatst

n
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The first order condition with respect igi) yields the demand for intermediate
good::

v = (20) s @

which shows that demand for inputs is a fraction of the aggeegroduction and
the fraction depends inversely on the ratio of the inputepticthe price of the final
good. This demand function holds for the producers of tredgdods as well as the
producers of non-tradable goods, albeit that their inpténsity J, ., is different.



Filling out the demand function in the final goods’ zero probindition gives an
expression for the aggregate or harmonized input pricexingleich both local and
tradable goods producers face.

1
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The price index is equal to the harmonized price index in adgted Dixit-Stiglitz
setup. The price index shows that when there are more firmgeindgion, the
consumer price is lower. The fall in the price index is causgd higher efficiency
of assembling the final good when there is more variety. Tthesge is a positive
scale externality.

The intermediate firms only employ labor, but they need tk amamount of labor

before they start producing. This upfront requirement ésdause of increasing re-
turns to scale in intermediate production. The total labquirement for production

of inputs is

(i) = amy (i) + f (9)

where f is the fixed labor requirement and, is the inverse labor productivity.
The total cost amount t@i(7). Intermediate good suppliers set prices to maximize
profits. Facing the final goods producer’s demand curve, sieeya markup price,
which is familiar from other CES demand models:

. g

p(i) = SOt (10)
The markup price over marginal cost combined with a zero {powindition on
intermediate producers implies a constant firm size, whsch standard result in
monopolistic a la Dixit-Stiglitz. The fixed firm size occuredause both the oper-
ating profits per product and the fixed factor are scaled byvtge rate. The fixed
firm size is therefore exclusively governed by parameterd,itis independent of
wage or market size. The firm size is

y(i)=y=1"1 (11)

am

The corresponding labor requirement for individual intediate firms i f.

2.3 Equilibrium

This section solves for the short run equilibrium, in whielsidence is fixed, and
the long run equilibrium, in which workers can choose to sewhere.



2.3.1 Short run equilibrium

In the short run equilibrium, the goods, labor and housingketaclear, given a dis-
tribution of households over the regions. Workers seleetrédgion in which they
supply their labor, so the commuting decision is part of thersrun equilibrium.
The economy has two regionsand2. The share of total populatioh” living in
region 1 is\. Sharey of total population supplies labor in region 1, so that thsre
commuting into region 1 ify > A\. Commuting occurs only one-way in this model.
Therefore, the following section analyzes situations wheorkers from region 2
travel to region 1 to supply labor. Of course, since the negican be made iden-
tical in their inhabitants and housing supply, the revensalysis also holds. To
preview the analysis, with sufficiently even labor supphe production of trad-
ables is spread, so price equality determines the relatageewwVe will refer to this
equilibrium as the "spreading equilibrium”, meaning thatghaducers of tradable
goods locate in both regions. When producers of the traddlblecate in one of
the two regions, the wage ratio is determined by clearindgheftiouse, labor and
goods market. We will refer to this equilibrium as the "cortcated equilibrium”.

When the tradable good is produced in both regions, its psiegjual in both re-

gions because the good is homogenous and freely tradal#epride of tradables
(8) is determined by the number of producers of inputs andthadocal wage

rate. Equality of the price of tradableB,; = P, -, thus implies that the relative
number of inputs-producers determines the relative watge gaven the fixed labor
requirement, hte number of input firms is determined by thed tabor supply in a

region multiplied by the share of workers that produces tispthe share of work-

ers inputs is determined by sectoral mobility - the wage paassembly equals the
wage paid in input production. Wage equality across assemlihe two sectors

and input production implies that

6O PY + 6 PuYne (1= 0) BY: + (1 — 6pt) PatYou

vLs, B L(1—sy)

which holds for region 1 (there is a similar expression fayiosa 2 usingl — ~
instead ofy) and s, is the share of workers in input production. This implies
sy = 4ftitloitaitus 5fPfYt+5Mmem From the general equilibrium, the region’s
expenditure share on traded goods is equal to the regiomaabare in total in-
come?. As a consequence, filling out the demand functions, theeshiaworkers

in input production can be written as = (Sf"%‘s“‘ Since this is a constant when
the tradable is produced in both regions, the ratio of firmsmaghe two regions
equals the ratio of labor supply in the two regions. When ttie &f firm mass is
equal to the ratio of labor supply, and firms charge the sant&upaover wages,

we can infer the relative wages from the relative labor syppéach of the regions.

2 This holds if there is no commuting. In the next subsection (?), we showdhanating
is not a stable equilibrium when the tradable good is produced in both locHiilues it]
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This equation shows that the wage rate in a region relatiantdher region in-
creases in the labor supply relative to that other region (), as long as the price
indexes are equal. The wage paid reflects the nominal preodyctf a worker. If a
set of workers supplies labor in region 1 instead of 2, thelenof input-producing
firmsin region 1 rises, and falls in region 2. Since assermltidlecome more efficient
when they can purchase a wider variety of inputs, the pes#ibale externality op-
erates on a larger scale in region 1, and a smaller scaleionrgPreserving price
equality, assemblers in region 1 then pay a higher wage towloekers, and so the
relative wage rises in relative labor supply. However, ahsgoint of concentra-
tion, assemblers in the emptier region face such a scaldwdiatage that the wage
they pay their workers falls below the wage level that theeadders of the local
good can afford to pay - local good producers face no conmpetibr the demand
exerted by the local residents.

At some point of asymmetry in labor supply, the productiotrafiables is unprof-
itable in one region, and their production concentrateiéndther region. In that
case, the relative wage rate is determined by clearing ohthusing, goods and
labor market given that no tradables are produced in oneeofdéfions (region 2
in this case). The land market clears by the prices that egbataggregate land
supply H to the aggregated land demand (given in (3)) in that region:

le (1—,u_0_)w1

11— —
)\L1iv + ( H J) Phra H1 (13)
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where the sum of demanded land is the land demand exerteck byaitkers (first
term) and by the landowners (the second term). The cleariicg 5 given by
rewriting the clearing condition.

1—pu—0oAL¥
/l"‘O' H1

(14)

Ph1 = W1

So the price of land increases in the number of people thaaddnt, their income
and the preference they have for land, but decreases in pipdysef land. In region
2, the expression looks different because the labor incemetinecessarily equal
among all workers: total demand is the sum of demand of welikeegion 2 (share
1 — +), commuters into region 1 (shate- A — (1 — v) = v — A\) and houseowners
in region 2. The demand condition, and consecutively theketarlearing housing

10



price in region 2 is:

_ (=p=0)(A=—y)L%w2 | (I=p=0)(A-A-(1=y))LYw1 | (1=p—0)pn>
H2 - Ph,2 + Ph,2 + Ph,2 H2

(15)
Pha = TS0 (1 =) (w2) + (v = A) wn)

Given a concentration of freely tradable final goods produgtwe can write the
aggregate demand f@f, by aggregating the individual demand function of landown-
ers living in region 1 and in region 2 and workers working igioa 1 and 2. Filling
out the equilibrium rental rates for houseowners’ incomg simplifying gives:

_JL“’
pto P

(ywy + (1 =) wy) (16)

t

The expressions for the housing market factor easily in ggegate demand for
the tradable good, because the income of landowners is pi@pal to that of the
workers that live in their region (this produces the divistwy 1« + o). Moreover,

in the absence of financial commuting cost and transport cogstmuters acts as
if they were consumers of the tradable in the region in whidy twork. Therefore
only the labor supply distributiony] matters, and not the residential distribution
(M\). A producer of local goods in region 1 only faces demand ftbenresidents
in region, because commuters from region 2 buy the local gotiteir residential
region 2. A similar exercise for the local good producerdsel

o ALYun
_H’+O- Pnt

This expression involves the residential distributionéese the local good in re-
gion 1 is only consumed by inhabitants in region 1, moredvemorkers in region
1 do not commute, so they all eatn. With the expression for demand for the
tradable and local good, the final goods producers’ demanthtermediates can
be derived. Inserting the demand for final goods (16 and 1#arfinal good pro-
ducers’ demand for intermediates (7) gives the demand ¢batehe intermediate
producer faces:

o (ywy+ (1 —v)wy) L* o Awg LY
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This expression shows how the demand for an intermediatetyatecreases in
its own price but increases in the price of final goods and ®tpenditure. The
market structure implies that= f(¢ — 1)/a,,, SO we can write the clearing of the
market for inputs ag = y. The intermediate firm does not discriminate between
the tradable and non-tradable producer, so the pricesddlitas and local goods
in region 1 are equal. Moreover, using the markup price aadl#finition for the

11



number of firms, it is convenient to write

p(i)~—" 1 fe e—-1 ~1
Pl—e T w (amw1>
np  s,yL* €

Where s, is the share of working population/) that supplies labor in the pro-
duction of intermediates. The clearing condition can bepéifrad considerably by
factoring the final goods prices and using the above exmne$siThe clearing con-
dition of the market for inputs can then be rewritten as:

w1_01—7

19
wy oy — A (19)

which suggests the local wage is decreased by a higher sapfapor, i.e. com-
muting into the large region.

Summing up, small labor supply deviations from a symmejigilérium are self-

reinforcing in the sense that they drive up wage in the larggion. However,

they also reduce profitability of tradables producers insttmall region, eventually
driving them out of business. In that case, spreading fofcgemand for local

goods dominates the concentrating force of home markettsffa the tradables
sector. The upward sloping wage ratio in the spread trada&gjeilibrium (equation
(12), dash) and the downward sloping wage ratio of the canatea equilibrium

(equation (19), solid) are plotted in figure 1a.

Figure la also shows that the labor distribution for whiah tfadables producers
concentrate in one region coincides with the labor distidoufor which concentra-
tion and spreading imply the same wage ratio. This followsnfithe profits func-
tions of tradables and non-tradables producers, but tligiort is more straight-
forward. Given that the wage ratios are based on zero prafditons, the implied
wage ratio describes the maximum wage a producer is wilbnggaly his workers.
To the right of the intersection of the implied wage ratiogéermediate producers
that do not sell to tradables producers can offer a higheew@an producers of in-
puts for a tradable good. Since labor is used equally progaigtin both firms, all
producers of intermediate inputs turn to selling to prodsi@é local goods when
their economy is sufficiently small. This also implies thisrao "jump” in the wage
ratio, in the sense that increasing the labor supply up t@dtia of concentration
of tradable producers and decreasing the labor supply &adprg of tradable pro-

3 The labor intensity of assembly does not matter in the final wage ratio, singe the
are factored out. The pure expenditure terms then are not weighted lycause
they are divided away by the share of people working in input manufagtuifo
see this, labor mobility accross assembly and input production implies equa: wag
= 5t)PtCt+(1 Ont) Pt Ot 5tPtCt+5mP”tC”t . Since the assembly and input shares are com-

plementarysy = 2B CottnePyCor When the price indexes are factored out in equation 18,

the term in brackets equals the numeratos,gfand so it is factored out.

12



ducers converge to the same wage ratio. The relevant segwiethte wage ratios
have been plotted in bold in figure la.

The analysis points to two stable outcontekirst, if the distribution of inhabitants
is sufficiently symmetric, small commuting flows will earn aarginally higher
wage, but they do not recover the positive commuting codiglre 1a, minor la-
bor supply deviations do not push the wage ratio outside thaedof inaction”
generated by the commuting cost (indicated by the dottes)idf the commuting
cost are sufficiently low, labor supply distribution exist fvhich the commuting
cost are more than compensated by wage gains. This commedingbrium is
plotted in the bifurcation diagram, figure 1b. It shows thad@commuting cost are
sufficiently small, asymmetric equilbria emerge where tadagoply partially con-
centrates in one of the two regions. Whether such an equifibis attained is, like
many NEG models, a matter of expectations or history. Tteassegment of labor
supply for which potential commuters are not indifferentt prefer commuting, as
long as they can coordinate that sufficiently many workersroate. | will use the
rest of this subsection to discuss the commuting equilibriu

Figure 1. Shortrun equilibria
(a) Relative wage rate (b) Bifurcation
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In figure (a), dots represent the utility cost (leisure loss) of commutiriig, koe
represents the wage ratio under concentration in region 2 resp 1 (aglijiorhe dashed
lines indicate the wage ratio when production of tradables is spread (egd&jioThe
relevant segments have been plotted in bold. Figure (b) presents biarpatterns for
residence (solid) and labor supply (dash) patterns by freenesswfiote. Parameters:

e =5, Hy = Hs, u = o, the short run residential distributionis= 0.5, 8 = 0.1 in figure

(a).

In an equilibrium involving commuting, a commuting flow withke place until

4 There seems to be a third equilibrium, with a high concentration of inhabitantgionre
1, where the wage rate in region 2 is so high that commuters leave from #a¢ocenrk
in the periphery. An equilibrium labor supply could then occur at the intéiee of the

concentrated wage ratio and the lower commuting cosf{2 = 1 — ¢). However, such

14+(1—0)"1 &

an equilibrium would implyle = 1+(179)—1A£ (see the discussion of equation (21)), which

rules out the case whefie< .

13



the cost exceed the benefit. In an equilibrium with spreathtrkes producers, the
relative wage in a region is always increasing in the labppsuin that region. A
stable equilibrium involving commuting thus obtains in @acentrated equilibrium,
not in a spreading equilibrium. The utility loss of commugtiand the wage rate
enter multiplicatively in the indirect utility functionpsvorkers commute until their
fraction leisure loss equals the fraction wage increasét — 0) = w,. Filling out
these commuting cost in the concentrated equilibrium wage shows the labor
distribution in the concentrated equilibrium with comnmggi

A+2(1-0)" 1)
Ye = ; 71:1_ = 1 (20)
142 (1-6) 1+2(1-0)

which is always between zero and one. The point is interkat (1), because the
wage ratio in the concentrated case strictly decreases fiasitive infinity in the
limit at v = A to 0 aty = 1. In the region that hosts all producers of tradables,
the equilibrium labor supply increases in the preferencdife tradable good and
the share of population in that region. This is intuitivecgrpreference for the
tradable allows for a larger group of tradable goods firms.H&ysame logicy. is
decreasing in the preference for the non-traded good. Alsopmmuting cost rise,
the commuting flow falls. In addition, the larger region ajwattracts and inflow
of commuters. The labor supply relative to inhabitants §jpbr head") in the large
region can be written as

70_1+(1_9)_1%

N e N -

which is always larger than 1, but tends to 1 when inhabiteatseentrate in the
large region § — 1).

Finally, it is left to determine whether an equilibrium ofrexentration and commut-
ing is attainable. The requirement for such an equilibrigrthiat there must exist
a labor supply distribution in which the wages in the larggor compensated for
commuting cost are larger than the smaller region’s wageleUspreading of the
tradables producers, the local wage ratio is always upwagpng in local labor
supply, whereas the local wage ratio slopes downward uraderentration. There-
fore, the intersection of spreading and concentrated watiesrexceeds commut-
ing cost if the spreading wage ratio intersects the comrgutost at a lower labor
supply than the concentrated wage ratio does. To presesathe reasoning graph-
ically, in figure 1a, commuting pays off when the top of the wagtio curve lies
above the commuting cost line (the dotted line). This is,tiiuhe v for which the
spread equilibrium wage ratio (dash) intersects commuwtosj is smaller than the
~ for which the concentrated wage ratio (solid line) intetsélse commuting cost.
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Thus, the requirement for a commuting equilibrium can bétemias

5t
1_¢)i= 1+ 254 1+2(1-0)
e e S PYE e i (21)
1+(1—-0)T= 100 1+ (1—0)t=

This inequality shows that there is a commuting flow that e/t the commuter
if X\ is sufficiently high (that means sufficient scale exterresdiaire already in place
due to residential concentration). This inequality alssoti®es the maximum com-
muting cost for which the asymmetric equilibrium in figure éxists. Moreover,
this requirement is more likely to be met when the the comngutiost are low,
preference for the traded good is high relative to the localdy and wherz is
lower (or the scale externality is large). The right hanefithe second inequal-
ity is always smaller than one, which suggests that theréniays a commuting
flow to a large region if sufficiently many people already liwghat region.

2.3.2 Longrun equilibrium

The short-run version of this model already has mobilityroduction factors. For
that reason, much of the action that takes place in the longrrunormal NEG-
models is immediate in this model. However, some additidorad-term dynam-
ics occur in this model: workers can choose to change resgdérhe long term
equilibria follow directly from the short term equilibridn particular, a long run
spreading equilibrium without commuting exists next to aantrating equilib-
rium involving commuting. First, because the spreadingldggium wage rate is
strictly upward sloping in the labor supply, commuting isv@eassociated with
a stable long run spreading equilibrium. Likewise, whendbemuting tends to
zero in the concentrated equilibrium, the wage rate tendtitoty, as can be seen
from the denominator in the concentrated wage ratio, egu#1i9). We discuss the
spreading equilibrium without commuting and the conceattaequilibrium with
commuting in turn.

Depending on spreading or concentration of final goods fimascammuting pat-
terns, we specify the workers’ indirect utility ratio basex different land- and
product prices and wages. The ratio of indirect utility (@don 4) in general is

Vi _w (P) (P) (P) (22)
Vs wWa Ph,2 Pt,Q Pme,z

From the short run equilibrium without commuting, we havatth
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where the prices of traded and local goods are equal in thedts. The ratio of
indirect utility functions (4) for the equilibrium with spading and no commuting
is then

0 o) (1) l—o—p
Vi (1 . /\> (Hl) 23)

Va Hy
The indirect utility ratio points to a stable equilibriumutility is equal and the
derivative with respect ta is negative. If this is true, a worker changing residence
diminishes his utility. The derivative of the expressionégative ifl — (o + u) -5
is positive. In words, stability is satisfied if the prefeces for housing are suffi-
ciently large and market power (markup) of the intermedmteducers is suffi-
ciently low. This condition looks like the "no black hole" atition, because the
economy would concentrate in one point if it is violated. Toveg run residential
distribution, determined by equalization of utility acsdie location is

1

l—o—pe—1

1+(%) otp Ot

\ =

This expression shows that relative housing supply detexsiihe residential dis-
tribution. Also, the effect of a higher relative housing plypon the share of in-
habitants is stronger when the preference for consumptodgis higher (i.e. for
housing is lower) and whenis lower (i.e. there are more scale economies in pro-
duction so higher concentration of inhabitants is suppirte

Finally, the spreading of tradables producers is not stadlall combinations of
commuting cost and residential distibution. To study whkethe resdidential distri-
bution leads to a spreading equilibrium, we examine whedhgofitable tradables
firm in region 2 can be set up in region 2 (the "empty" region).ekamine the
profitability of such a firm, we first calculate the wage ratiaan equilibrium with
concentration of tradables producers (19) using the daxjuifn labor supply dis-
tribution in that equilibrium (20). If the wage ratio is highthan the spreading
equilibrium wage ratio without commuting (equation 12 wkh= v), the wage in
region 2 is sufficiently low to generate profits when assengitihe tradable goods.
The highes# for which producers of tradables in region 2 face make a peofd so
the highest population distribution that supports a sprepof tradables producers
is

1-6)%

A= L
1+ (1—6)%

(24)

This maximum residential concentration is subscripteth aitb in reference to the
"break point" familiar from NEG literature, as further conttion would break a
symmetric equilibrium.
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In case of concentration, the short run solutions diffemfeospreading equilibrium.
Consequently, the expression for the indirect utility ratianges. In particular, the
wage differential compensates the utility cost of comnwytihe price of tradables
is equal, and

Ph,1 — Awq @

Ph,2 (1=y)wa+(y—=Nw1 Hy
5nt

Pt _ (m) =< wy

Pnt,2 n2 w2

Using this along with the commuting equilbrium labor sup{9), tradables price
equality and that in a commuting equilibrium, the nominag@aatio reflects com-
muting cost, the indirect utility ratio under concentratcan be written as

_ l—p—0o wont
i pot (Hi1—=0+5(1-0) ! (n1>s"1
L_(1-0) <H2 Y - (25)

where the ratio of input firms is equal to the ratio of emplowitria the input sector
in the two regions. The relative share of population workimgnput production
(sy.1/5y.2) is determined by an arbitrage condition: for an individixahg in region
2 must be indifferent between supplying labor in input-prcitbn in region 2, or
commuting and working in an input producer in region 1. Rdlout the expression
for wage in the input sectors (equation nr..) gives an exasfor the relative
number of firms:

14
ny  Sy1 7 Ot A+ (1-0) m A 40
R Y 1-0)+- > pl1+a-0"2
N9 Sy721—’7 5nt0( 1—A + +1—/\'u +< ) I

For stability, the same reasoning applies to the concemutratiuilibrium. Since

K
(1 + %9) *! is always downward sloping ik, in case of concentration the long
run equiﬁbrium is stable wheh — o — p—=; > 0. Stability depends again on the
preference for housing and the markup, but the markup is ndtiptied with o in
this case. The reason is that the price of the tradable gosglial in both regions.
The conditions for stability in the concentrated equilifoni are less strict than in a
spreading equilibrium and therefore the true "no black hoted@tions" or stability
condition permits at least equilibria in which tradablesdarction is concentrated,
while spreading equilibria might be unstable. As a last ola®n, sincey, > A,
the utility ratio (25) tends to zero under full concentrataf inhabitants, so there is
a centrifugal pressure on the extremes of the residengtilldition. In other words,
inhabitants never fully concentrate in one region.

Finally, the residential distribution for which conceriioa can be a long term out-
come is given by the the residential parameter for whichaittstto pay off to com-
mute into the larger region. This level was already derive(Rll) and subscripted
s in analogy to the "sustain point" familiar from NEG literagur
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Figure 2. Long Run
(a) Relative utility (b) Bifurcation
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Figure (a) presents utility equality (dots), relative utility under tradables
concentration (solid) and relative utility under spreading of tradablesugtmn (dash).
Figure (b) plots bifurcation patterns for residence (solid) and labagulgdash) patterns
by freeness of commute. The grey area indicates combinations of residedc

commuting cost that can sustain a symmetric, spreading equilibrium (see text). T
hatched area contains the combinations of residence and commuting cesstan an
asymmetric concentrating equilibrium. Parameters: 5, H; = Hs, = o, in figure (a)
0 =0.1.

The indirect utility ratios are plotted in figure 2a for monsight. Again, the spread-
ing equilibrium is drawn dotted whereas the solid lines espnt the concentrated
production of tradables. The relevant segment are primtdxbid, i.e. the concen-
trated equilibrium outside the critical’s (which is smaller than 0.5, so the whole
segment is covered) and the spreading equilibrium in betweéwhich is 0.604,
resp. 0.396). There are three stable equilibria: one synunahd two with partial
concentration of inhabitants. Figure 2a suggests thatyregnilibrium, no region
is empty. This is due to the housing market: if regions bedeserted, cheap
housing attracts new residents, and demand for the local gwdke it worthwhile
to supply labor.

The bifurcation diagram 2b shows that at high commuting ¢bst ¢ is low),
only the spreading equilibrium is stable in the long run. ldeer, as commuting
cost fall, an asymmetric equilibrium develops. This is thed run version of the
concentrating equilibrium in the short run. However, ineca$ concentration, the
symmetric residential distribution is generally not saibl the long run. Rather, in-
habitants concentrate in one region following higher wageee. The labor supply
in this case is more concentrated in the large region thamesidential distribu-
tion. Households strike a balance between moving to the twoweork there for
higher wages, and commuting to the core as congestion onah&irty market
and increased prices in the core reduce the benefits of lihieigg. As commuting
costs lower, the stability of the spreading equilibriumasd likely, as deviations
are increasingly likely to destabilize that equilibriurhdtgray area of support of
the symmetric equilibrium narrows). Likewise, falling comting cost increase the
chance a commuting equilibrium is stable (the residentstidutions that sustain
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this equilibrium, indicated by hatches, increase).

2.4 Freight transport cost vs. commuting cost

To discuss the sensitivity of the model presented above, ieskwortly discuss
the implications of transport cost on goods and differeastitities between the
traded and non-traded good. Since the derivations are tedbesimilar to those
above, we will spend less time on intermediate steps, andilvéowaus mostly on
commuting equilibrium.

The trade freeness is the driving force behind nearly any Mi@el, but we have
ignored it in favor of commuting cost. However, the two aréfedent, so in this
section we modify the model to accomodate traditional ticat. In particular, we
assume the tradable good is subject to Samuelsonian icebdegcost: units of
the tradable good need to be shipped for one unit to arrivéh Whomogenous
tradable good, this gives rise to three scenarios: firstgtua is traded but pro-
duced in one region, second, the good is traded and prodndszth regions, and
third, the price difference is smaller than the trade coghsdradable good is not
traded but produced in both regions (self-sufficient preidng.

Starting with the first scenario of concentrated tradabtexlg producers, we need
to modify the demand and supply of goods for trade cost. Tdresport cost drive
a wedge between the delivery price of a tradable good in negjiand in region 1.
This happens in all other New Economic Geography modelsinbtitis case the
transport cost are incurred on the aggregate good. To semtieations, | focus
on the input producer that supplies to a producer of tragalalbo, in turn, supplies
to the other region exclusively. The demand for the interiatednput from final
tradables producers in region 1 that ship to region 2 can bitewias

- (102 e

Pria

Where the subscript, 2 denotes that the price is the cost-insurance-freight price
of region 1's good supplied in region 2. Since the intermiediare locally bought,
they are symmetrically affected by the trade cost and tha tarparentheses is
unaffected by the trade cost. Iceberg tradecost imply thidea share olCr 5 is

lost in transport, which drives the wedge! between supply in either region. Using
this transport price structure, the goods market clearamglition becomes

—&

(,U + O') ()\wal +ph71H1) —+
LY (1 =y)wy + (v = A)wi) + proHy

c(i)= 2

_ 26
P%—E ( )

Applying fixed firm size and rewriting in the same manner asdastion gives an
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expression for the wage ratio

w1 o 1—7
- 27
wy T+ (T=1)0cy—A 27)

This expression encompasses the case without transpdrifcos= 1, the equi-
librium wage ratio equals the ratio in the last section. Hasvean increase im
unambiguously decreases the wage rate in region 1 relatiegion 2. The reason
is that producers of tradables in region 1 face lower demiaond fegion 2, because
the good is effectively more expensive in region 2.

The second scenario, that involves both regions produbmtradable good, is very
similar to the case without transport cost. Because regiamsltlhe larger scale, its
aggregate price of the traded good is lower. Trading the ly@mous good that is
produced in both regions suggests the market clears at

1

Pr, 1 wy —1 ( Y )El
P b =T = — =T _— 28
PT,Q w2 1—7 (28)

This expression is again very similar to the case withoutspart cost, except that
higher transport cost drive down wage in region 1 relativ@.téinally, we may
have thatr—! < % < 7, SO the tradable good is produced in both regions but no
region has sufficient scale to cover the transport cost pitiit In this case, there is
no commuting. To show this, we cannot rely on price relatginse the good is not
traded. However, since all labor income is spent locally@mscimption goods, the
wage per worker equals the expenditure in a region per wolkexddition, for a
worker to commute to the larger region, it must hold that- 6) w; > w,. Filling

this out gives

1-6) Awy s, (I=y)wet(y=Awr
v o= 1—y (29)
(1-60)>(1—-0)+212

y—
I—y

—~

2>

which shows that the commuting equilibrium does not existdrytradiction. Since
commuting impliesy > A, the left hand side of this equation is smaller than 6,
while the right hand side is larger than- 6.

Using the above expressions, we can investigate the effedtanging transport
cost on the equilibrium and its existence. The commutingliégum requirement

(1 — f)w; = wy and the wage ratio under concentration (equation 27) yield a
commuting equilibrium labor supply distribution:

_1A-0) 7 (r(£41)-1)
T 1Ha-0) " (r(L+1)-1)
—1- (12l

) (30)



Since the denominator increases faster than the numeratof,. is decreasing in
7. The reason is that if more goods melt away when shipped fegion 1 to 2,

it pays less to commute from region 2 to 1 because effectigeimand is lower,
and the wage premium is lower. The transport cost and the eadimgncost do not
operate independently on the labor supply in the commutqglibrium. To see
this, the first derivative with respect tg and the cross derivative to commuting
cost are

e (1-N)(1=6)o(o+p)

o = oGt <V
82’7/0 [ (I_A)U(o"‘l‘lt)(MT+0’(7—+6_2))
9700 =y

The effect of transport cost on the supply of labor in thedarggion is negative,
as argued above. However, the second expression showhé¢haffect of trans-
port cost on labor supply is not independent of commuting. dogparticular, if the
second expression is negative, the trade cost reinforatighersion forces of com-
muting. This is true for any level of trade cost, as long as (o — 1) /o ® . This has
an empirical implication as well. Since transport cost amthicuting cost correlate
(e.g. both are determined by distance), empirical estisnatk generally overesti-
mate distance deterrence effects of commuting if transpust are not controlled
for, and vice versa.

For the long run analysis, the indirect utility ratio can betten as

Kont

i_ (1— )70 Hy A 1+¢ \'7" <”1) =

2= [ 3) e+ 2 -0 (- 00)] [
¢c=1-07" (r(4+1)-1)

where the third term in parentheses reflects the housingetaxkere the utility
ratio is decreasing in due to congestion on the housing market. The fourth term
reflects the price of the local good, which decreases as nmewpl@ live in the
region so the labor supply is high. We assume the congestient @ominates

> If § < (0 — p)/o, the crossderivative is also negative-it- o(2 — 0) /(o + p)
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the local goods price effect. By that reasoning, an increase in the trade cost
increases the share of inhabitants in the large regiorhe intuition is that a rise
in trade cost drives up the price of the traded good in thelsmadgion, so some
workers relocate to the large region to avoid trade cost. Bycating, they drive
up the price of the local non-tradable good in the small negioit they drive down
the housing price in the smaller region, which is the domiedfiect.

Finally, apart from affecting the commuting flow and locasoin a commuting
equilibrium, the transport cost might affect the existeata commuting equilib-
rium. Following the argumentation in previous section,édbenmuting equilibrium
can be attained if the spreading equilibrium wage rate elscélee concentrated
equilibrium wage rate af., or if the spreading equilibrium wage rate intersects
(1 —6)~!aty < 4.. This occurs if

P 1-04A(L7+7-1)
(1-0)"47=—1 < 1-0+(Lr+7-1)

(p+o)T—06 1-6 e-1
AMu+o)T+o(1-1—0) <1+ ( T )

The left hand side of the last inequality is upward sloping ,iand the right hand
side is downward sloping in. Higher transport cost therefore reduce the likelihood
of the commuting equilibrium to exist.

3 Conclusion

In this paper, we have presented an analysis of commuting flothe presence of
agglomeration tendencies. Our results show that with a QB&8ydgtion function
over locally bought inputs that generates scale exter@slithe labor supply can
concentrate in one region if commuting cost are sufficielaly. Thus, next to a
symmetric case where work and residences are spread equatiypstellation ex-
ists of a core region that does most of the production, whiekers live in smaller
regions and travel into the core. In the long run, such a callealso attract more
inhabitants, but its share in workers is always larger thsushare of inhabitants.
In other words, the "jobs per head" increase in the size ofég®n. When trans-
port cost are incurred on the tradable good, more worketdagite in the larger
region, but fewer commute to the larger region. Thus, theleasial asymmetry in-

6 To check if the utility ratio is downward sloping in, we drop the terms inde-
pendent of A\ because they act as a positive constant. Differentiating the log of the
utility ratio gives that the equilibrium is stable i <1_1A + (170)(%#1771)_1“ _
(1—p—o) (ﬁ + %) < 0. Since(1—0) (4r+7—1)"" > 0, it is sufficient to as-
sume thatl — u — o < p(e — 1), which is equal to the no black hole assumption without
trade cost.
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creases, but the share of commuters falls. The differentveclea freight transport
cost and commuting cost thus allows for different spatitda$ of concentration
of firms (price index effects, wage effects) and people (estign), modifying the
circular causality in the new economic geography modelké&aommuting is pos-
sible, nominal wages play a role in the commuting decisioensas price levels
(congestion) determines residence, the relative strasfdgtiose effects depends on
the relative cost of moving people and goods.

Since the symmetric equilibrium and the "core with residdrdatellites” are both
stable under significant parameter ranges, the long runicoetuof the model ex-
hibit similarity to New Economic Geography models. It proda symmetric and
partial core-periphery outcomes, and the selection of sutbomes depends on
history or expectations, and shows hysteresis. By allonangdmmuting, which
is uncommon in New Economic Geography models, effects ajtiteransport cost
and commuting cost allow the centrifugal and -petal forceslay out differently.
In fact, the wage, consumption price and house price gr&liarthis model re-
semble some results in urban economics, especially in theegbdat workers live
outside larger cities in pursuit of lower housing prices andgestion. However,
in contrast to the urban economics literature, the exigtesfadifferences in the
location of production is endogenous to the model.
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