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Chapter 1

Introduction

The decisions made by households and firms in choosing where to locate are

influenced by a highly complex set of factors and considerations. Accessibility

between workers and workplaces, and between firms and other firms, is among

the most dominant of those factors. This thesis studies the link between

accessibility and location choice, and each of its chapters does so from a

different perspective.

The first study is a theoretical model of an urban environment, in which

firms and households compete for locations that minimize the costs of travel

to other firms. The second study focuses on the value that firms attach to

high accessibility locations, using an empirical framework. The third study

then turns the spotlight back to households, and empirically demonstrates

how their choice to locate in accessible regions can mask economies of scale in

the labor market. The fourth study analyzes how frictions in location choice

of homeowners lead to labor market frictions when accessibility to jobs is

limited.

Although every chapter tells an independent story, they can be divided

into two thematic pairs, and each pair can be associated with a different

strand of the economic literature. The first two studies belong to the lit-

erature exploring the link between transportation and land use. The other

two investigate urban economic determinants of job search. This chapter

introduces all four and places them in practical and theoretical contexts.
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Chapter 2 proposes a theory of mixed land use in a bid rent framework.

A built environment that features a mixture of residential and business land

uses is observed in many cities around the globe. Despite its ubiquity, tradi-

tional urban economic theory is rather silent on the formation of mixed land

use. In particular, standard bid rent models assume that land at any location

is allocated to the highest bidder. Consequently, a complete segregation of

land use emerges.

The two main exceptions are Fujita and Ogawa (1982) and Lucas and

Rossi-Hansberg (2002), who describe bid rent models that allow for endoge-

nous business and residential location choice as well as agglomeration exter-

nalities in production. These models predict zones that are characterized by

a restrictive type of mixed land use, where there are as many residents as

jobs at every location. Such a zone is characterized by a backyard economy

and no commuting activity.

This chapter extends the model of Lucas and Rossi-Hansberg (2002) by

introducing a traffic congestion external effect. The combination of conges-

tion and agglomeration externalities leads to equilibrium urban forms that

contain a general type of mixed land use zones, through which commuting

takes place. Essentially, the traffic congestion effect adds a degree of free-

dom to the shape of the residential and business bid rent curves, and allows

them to coincide over contiguous locations - a necessary condition for mixed

zones in a bid rent framework. An additional property of the theory is the

modeling of the counteracting forces of congestion and agglomeration. Ag-

glomeration advantages draw firms to cluster, but congestion in employment

centers implies higher costs of employing labor. This pushes firms to disperse

and locate closer to the homes of their workers.

It is proven that an equilibrium urban structure exists, such that workers

do not prefer to change their home or workplace locations, and firms do not

change their production location or the locations from which they draw their

workers. Using simulations, differences in land use mixing patterns between

New York City and Los Angeles are attributed to differences in the dominant

transportation technology in the two cities. The larger capacity of NYC’s

subway system facilitates higher levels of land use segregation than in Los
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Angeles, where the transportation system is car-based.

Chapter 3 presents an empirical analysis of the premiums that firms in

the Netherlands pay for locations close to train stations. Locating close to a

station is expected to offer lower travel costs for employees, customers and

suppliers, and to reduce the costs of face-to-face interactions with workers of

other firms (Bollinger et al., 1998). The willingness of firms to pay for station

proximity, as manifested in land and property values, provides information

on these cost savings. This information can be employed by policymakers

in a cost-benefit analysis of projects that influence user access to the train

network.

The analysis uses a hedonic prices regression, which is the technique most

commonly used in the literature to decompose property price into its de-

terminants (Bartholomew and Ewing, 2011). It separates the variation in

property prices into its explanatory components, among them the distance

to stations. Although the station proximity effect on housing prices has been

widely studied, the literature regarding the effect on business land use is

scarce, especially in a European context. Mohammad et al. (2015) attribute

this scarcity to a shortage of relevant data.

The study presented here takes advantage of a rich data source of lease

and sale transactions of retail and office space in the Netherlands between

1990 and 2015. The parameter of interest is specified as a continuous piecewise-

linear function of the distance to the nearest station. Locally fixed unob-

served factors are controlled for by neighborhood fixed effect.

Stations are often located in areas where economic activity is denser irre-

spective of the station’s presence, such as urban cores. The analysis isolates

and identifies the direct effect of station proximity by controlling for the num-

ber and size of commercial properties in the vicinity of the traded property.

It is found, that firms are willing to pay a premium of 17.5 percent for

locating their offices next to a train station, and that this premium decreases

with distance, such that no statistically significant premium is found even as

close as 500 meter from a station. Retailers attach a premium of 17.5 percent

to locations within 250 meter from stations, and no premium is identified at

longer distances to the station. Surprisingly, no clear-cut premium for retail
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space at very close distance to stations is found.

Not controlling for neighboring economic activity biases the estimation

of the effect of station distance on the price of retail space, but not on the

price of office space. Statistically significant estimates are only detected near

station in which intercity trains stop. Stations with a lower level of service

do not seem to generate significant premiums.

Chapter 4 explores the effect of urbanization, as captured by population

density, on unemployment. A common assumption in the labor economics

literature is that matching rates between job seekers and vacancies exhibit

increasing returns to scale. It is reasonable that in locations where popula-

tion and economic activity are concentrated, job seekers can access more job

openings by having larger social and professional networks and short travel

distances to firms. In addition, agglomeration externalities drive wages up-

wards, and this makes more vacancies acceptable to the job seeker given her

reservation wage, which is the minimal wage level she would accept.

Despite these reasonable mechanisms, the empirical literature typically

reports constant returns to scale in aggregate job matching (Petrongolo and

Pissarides, 2001). Several explanations to this discrepancy have been pro-

posed (e.g. Petrongolo and Pissarides, 2006; Gautier and Teulings, 2009).

This thesis presents evidence that returns to scale do exist, but they are

masked by a sorting bias.

A dataset of all unemployment spells in the years 1999–2005 in the

Netherlands is used. This large dataset enables the utilization of repeated

spells in order to tackle biases due to spatial sorting into regional labor mar-

kets, as well as due to unobserved time-invariant individual idiosyncrasies.

Using a stratified proportional hazard model, it is found that a doubling

of population density increases the hazard rate out of unemployment by 3.1

percent. This finding stands in contrast to an estimation using a näıve model

that does not take advantage of repeated spells. Such a model suggests a

decrease of 3.6 percent in the probability of leaving unemployment given a

doubling of population density.

Chapter 5 proposes and tests a model, which explains a discrepancy

between Oswald’s thesis and common empirical findings that unemployed
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homeowners fair better than renters in job search. According to Oswald’s

thesis (Oswald, 1996), homeownership increases unemployment due to home-

owners’ restricted flexibility. Indeed, empirical research on micro-data has

shown that compared to renters, unemployed homeowners are less inclined

to change their residential location in order to find a job outside of the local

labor market. However, it is also repeatedly found that unemployed home-

owners tend to find a local job more easily than otherwise comparable tenants

(Munch et al., 2006). At the aggregate level, the local labor market effect

may dominate, since residential mobility associated with job search is limited

(Van Ommeren et al., 1999).

This chapter makes a contribution to the scientific debate on Oswald’s

thesis by addressing the risk attitudes of job seekers. It shows that in a

standard job search model, if the utility function satisfies decreasing absolute

risk aversion, then the exit rate from unemployment is increasing in housing

costs. Therefore, the higher costs associated with leveraged homeownership

may be the driving force of homeowners’ observed labor market performance.

This prediction is tested by means of a duration analysis of a subsam-

ple of the dataset used in Chapter 4. Contrary to the hypothesis, a higher

mortgage is not found to be associated with higher exit rates from unem-

ployment. Rather, the findings support earlier micro-econometric results

that homeownership accelerates a successful job search.





Chapter 2

Towards a General Theory of

Mixed Zones: The Role of

Congestion1

2.1 Introduction

Mixed commercial and residential land use is ubiquitous. It is difficult to

find a city that does not exhibit at least a partial mixture of residential

and commercial land use (Koster and Rouwendal, 2013). Mixed land use

is therefore a stylized fact, but Urban Economic theory is generally rather

silent on the forces which form mixed land use zones.

The Urban Economics model most widely used to analyze urban land use

is the bid rent model. Models of this type assume that firms and residents

compete for land, which is occupied by the agent offering the highest bid.

Land rent is then equal to the highest bid. These models typically assume a

monocentric structure of a central business district surrounded by residential

rings (Fujita, 1989). Hence, residential and commercial land uses are strictly

separate, and other city forms that emerge in reality are ruled out. However,

1This chapter is based on joint work with Jos van Ommeren and the late Piet Rietveld.
It has been published as Kantor, Y., Rietveld, P., van Ommeren, J., 2014. Towards a
general theory of mixed zones: The role of congestion. Journal of Urban Economics 83,
50–58.
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urban regions often exhibit more complex spatial patterns of residential and

commercial organization (Anas et al., 1998).

We are aware of only two bid rent models that generate mixing. Fujita

and Ogawa (1982) and Lucas and Rossi-Hansberg (2002), hereafter LRH,

have introduced models which allow for endogenous business and residential

location choice as well as employment agglomeration externalities. These

models predict the presence of mixed land use zones, in which the number of

employed residents is exactly equal to the number of jobs at every location.

We label such zones balanced mixed zones. All residents living in a balanced

mixed zone work locally, so no commuting takes place within the zone. Work-

ers who do not live in the mixed zone never commute through it. Essentially,

the balanced mixed land use zone is a backyard economy zone. In reality,

however, we observe many other types of mixed zones that do not have these

very specific characteristics (Koster and Rouwendal, 2013). Although LRH

and Fujita and Ogawa (1982) have substantially improved our understanding

of within-city agglomeration, we believe that a more generalized theory may

contribute to the understanding of mixing.

Outside the bid rent framework, two approaches stand out in addressing

intra-urban mixed land use. One is the model introduced by Wheaton (2004),

where land is not occupied by the highest bidder, but shared between uses in

proportion to their land bid-rent. Therefore, the model assumes mixed land

uses. Another interesting line of literature is based on Anas and Kim (1996)

who show urban configurations of mixed land use by assuming unobserved

features of locations and random variations in utility. The current paper

explores mixed land use without introducing random elements.

We follow LRH, who study the equilibrium distribution of residents and

firms within a city. We use the term urban structure to refer to this distri-

bution. LRH assume an open symmetric circular city form, in which firms

and residents compete for land.2 Firms produce a good using land and la-

bor, and residents consume land and goods. Residents who travel to their

2Carlier and Ekeland (2007) show the existence of equilibrium even when LRH’s as-
sumption of symmetry is relaxed, but do not provide an efficient algorithm to compute
the equilibrium structure.
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workplace incur commuting costs. LRH assume the presence of productivity

advantages of agglomeration, in line with a large empirical literature which

shows that local productivity is positively affected by the volume of nearby

employment (Rosenthal and Strange, 2003).3 Urban structures consist of

an arrangement of land use rings that are either strictly residential zones,

strictly business zones, or balanced mixed zones. Depending on the levels

of certain exogenous variables (e.g., unit commuting costs, strength of the

employment agglomeration external effect), equilibrium urban structures of

various sorts may emerge, including, but not limited to, the monocentric and

duocentric forms, as well as a city composed of a single balanced mixed zone

of businesses and residents.

In LRH, negative travel congestion externalities that are common in cities

are ignored.4 Such externalities increase the commuting costs of workers in

congested city centers, driving firms to relocate to peripheral locations. On

the other hand, residents may respond to congestion by moving towards cen-

tral locations, leading to an increase in densities and rents at these locations.

Our main contribution is the introduction of a traffic congestion external

effect to the LRH model. We demonstrate that the presence of this external

effect may result in a general type of mixed residence-business land use zone,

including a zone where land use is dominated by one type of user.5 We label

these dominated mixed zones. We show that the introduction of congestion

does not invalidate the LRH model feature of the existence of an equilibrium

urban structure. This equilibrium structure can exhibit any composition of

residences and firms, including classical single-use zones (labeled hereafter

pure zones), balanced mixed zones, and dominated mixed zones. In Figure

2.1, land use maps of two sample cities are pictured. The lower map demon-

3Agglomeration externalities in production are one of the strongest city-shaping forces.
Proximity of firms to each other entails benefits such as exchanges of knowledge and ideas
and sharing of labor pools and intermediary suppliers. By locating close to each other,
firms enjoy higher productivity levels and lower costs. These advantages draw firms to
cluster and lead to the growth of cities and commercial centers (Glaeser et al., 1992).

4Rossi-Hansberg (2004) emphasizes the relevance of road congestion, but assumes it
away for convenience.

5See also Arnott (2007), who combines both externalities in an urban setting of con-
nected islands in which land-use is exogenously given.
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Business

Residential

Business

Balanced mixed

Business

Residential

LRH city

Business

Business-dominated mixed

Residential-dominated mixed

Balanced mixed

Business-dominated mixed

Residential-dominated mixed

Residential

Congested city

Figure 2.1: Sample land use maps. Notes: (1) Black marks a pure residential
area, white marks a pure business area, and gray marks a mixed area. (2)
Darker gray indicates a higher share of land used for housing. (3) Arrows
indicate the radial direction of commuting.
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strates the wider array of possible land use patterns in our model compared

with that of the LRH model, which is limited to cities like the one shown in

the upper map.

In order to understand why congestion allows for the formation of dom-

inated mixed zones, it is useful to examine the following example. Consider

one road segment within a wider city. Along this segment, identical single-

worker households, as well as jobs, are evenly distributed, implying that this

segment is a balanced mixed zone. Every worker is employed by a firm at

his residence location, and no commuting takes place. Households and firms

are willing to pay the same rent and firms earn zero profits. Further assume

that this is not an equilibrium situation, because the worker at one end of

the segment may benefit by changing his job to the other end of the segment

or beyond it: the new net wages (the wages offered at those locations minus

commuting costs) are higher than the wage at the local job.

If this worker prefers the new location over commuting to any of the

other jobs within the segment, then all other workers also prefer commuting

to this higher earning location. As their net wage increases, workers are

willing to pay more for the land they occupy. The owners of the land in the

segment then demand higher rent levels. Given these rent levels, firms in

the segment make a loss. In the absence of congestion effects, all firms leave

and land is allocated to households. In contrast, if we assume that traffic

volumes increase travel costs, then congestion builds up as more households

move into the segment and commute to the higher paying locations. It is

then possible that travel costs increase enough to lower the willingness of

households to pay for land to the level that enabled a mixed zone. The net

wages are then equal to the wages of working locally. Firms no longer leave

the segment, and the segment exhibits mixed land use, albeit dominated by

housing.

The paper is structured as follows. Section 2 describes the model, focusing

on extensions to LRH. Section 3 describes the algorithm for the construc-

tion of an equilibrium, and discusses the conditions under which mixed zones

arise. The algorithm description is given special attention, since adding con-

gestion in the model leads to substantial algorithmic challenges. Section 4
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presents numerical simulations of the model, resulting in various city struc-

tures. Section 5 concludes.

2.2 Model

We aim to describe equilibrium land use in a single open city in a large econ-

omy.6 Absentee landlords own the city land, and allocate it to whoever makes

the highest bid. The city outline is a circle of a given radius S. Locations

are defined by their coordinates (r, φ) on a polar coordinate system, with the

city geographic center as its origin. Our analysis is restricted to symmetric

urban structures, so a location is denoted by r alone. Consequently, the city

is characterized by homogeneous land use rings, and travel takes place only

along rays radiating from the center (see Figure 2.1). At all locations at dis-

tance r from the center, a share of land θ(r) ∈ [0, 1] is used for production,

and the remaining 1− θ(r) is in residential use. Land used for transport in-

frastructure is negligible. We denote labor density, or employment per unit

of production land at locations r by n(r). All workers are members of homo-

geneous single-worker households. N(r) denotes the household density, the

number of households (or workers) residing at r per unit of residential land.

Together, θ, n and N describe the urban structure.

2.2.1 Economic Agents

Firms produce a single good using land and labor, and trade it in the large

economy for a price set equal to one. Production at r is subject to an external

agglomeration effect induced by employment at other locations. We assume

a constant returns to scale production function of labor and land that takes

a multiplicative form of two terms: a function f of local input n(r), and a

productivity function g of inputs used at other locations. Then, production

6With the exception of the commuting costs specification and its implications, the
model is identical to the one presented in LRH.
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per unit of land at r is written as:

x(r) = f(n(r))g(z(r)),

where z(r) is a combined external effect of employment at all other locations

in the city.

The external effect decays exponentially at a rate δd with distance from

the affecting employment, and it is scaled by a factor of δs. Specifically, it is

assumed to take the functional form:

z(r) = δs

∫ S

0

(∫ 2π

0

e−δd∆(r,s,φ)dφ

)
sθ(s)n(s)ds, (2.1)

where ∆(r, s, φ) denotes the distance between (r, 0) and (s, φ). This func-

tional form was proposed in Ross and Dong (2012) as a generalization of the

form used in LRH, where δd = δs = δ.

We denote the business bid rent at r, the highest profit a firm can make

per unit of land, by q(r). Firms at r maximize their profit by choosing their

use of labor n, given wages and productivity at r. Then,

q(r) = q(w(r), z(r)) = max
n

(f(n)g(z(r))− w(r)n) , (2.2)

where w(r) is the wage paid by firms at r per unit of labor time. We denote

the maximized value by q̂(w, z), and optimal labor inputs as n̂(w, z). In

equilibrium, n(r) = n̂(w(r), z(r)) and q(r) = q̂(w(r), z(r)).

Workers enjoy the consumption of good c and residential land l. We

denote their utility function by U(c, l), and assume that it is strictly increas-

ing in c and l. Workers are free to move within, into and out of the city.

Therefore, their utility level in equilibrium is equal everywhere:

U(c, l) = ū,

where ū is the exogenously given utility level prevailing in the larger economy.

Each worker is endowed with one unit of labor time, which he allocates to

production and commuting. When used for commuting, a worker’s available
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labor time declines proportionally by a factor of τ per unit of distance traveled

to work. Let L(r, s) denote the share of labor units at r from the labor units

available at s, after traveling from s to r. The rate of labor decline in

commuting is defined by

dL/dr = −τ(r)L(r, s). (2.3)

A worker who lives at s and works at r has exactly L(r, s) labor units available

for production at r.

We let w(r) denote the net wages (wages-net-of-commuting-costs) of work-

ers living at r. We emphasize that the notation for the worker’s net wage is

the same as used for wages paid by firms at r. A worker who lives at s and

works at r earns a net wage of w(s) = L(r, s)w(r), which he allocates to the

consumption of land and goods.

The residential bid rent Q(r) is the highest rent a household at r is willing

to pay per unit of land, while receiving at least the utility level ū. Hence:

Q(r) = Q(w(r)) = max
c,l

(
w(r)− c

l

)
, (2.4)

subject to U(c, l) ≥ ū. The solution to this maximization problem is ĉ(w, ū)

and l̂(w, ū), and the maximized value is Q̂(w, ū). Household density is then

determined by N̂(w(r), ū) = 1/l̂(w, ū). In equilibrium, N(r) = N̂(w(r), ū)

and Q(r) = Q̂(w(r), ū).

2.2.2 Equilibrium Conditions

An urban structure is defined to be in equilibrium if:

1. land is used by its highest bidder,

2. total labor demand is equal to total labor supply minus commuting

time,

3. no worker can benefit from changing his place of work, and
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4. labor density and household density are the result of utility and profit

maximization, as described above.

In this subsection, we discuss the first two conditions, leaving condition (3)

for subsection 2.2.3.

Condition (1) implies that land is used by agents with the highest bid

rent. In other words, at a business location r, q(r) > Q(r), and θ(r) = 1. At

a residential location r, q(r) < Q(r), and θ(r) = 0. At a mixed location r,

q(r) = Q(r), and θ(r) can be any value in [0, 1].

To formalize condition (2), let H(r) denote the total excess labor time

used by production and commuting over the labor time supplied by residents

at all locations between the center and r. In other words, H(r) is the stock of

unhoused labor at r, after all workplaces and workers located between 0 and

r are assigned to each other. Then, condition (2) is equivalent to H(S) = 0.

We use H(r) as an indication of the direction and volume of commuting

flow at r.7 If H(r) > 0, then more labor is used at locations [0, r] than

labor supplied by residents in those locations. Therefore, labor must be

obtained from outer regions, implying that workers commute inwards, toward

the center. On the other hand, if H(r) < 0, then more labor is supplied at

[0, r] than needed there. The excess labor is used at locations outside this

ring, and commuting is heading outwards, away from the center.

This definition of H(r) implies the following functional form:

dH(r)

dr
=2πr [θ(r)n(r)− (1− θ(r))N(r)]

+ τ(r) |H(r)| .
(2.5)

The first term indicates the excess of labor demanded at r over labor supplied

at r. For instance, at a business area, where θ(r) = 1, this term equals

2πrn(r), the number of workers employed by firms located at distance r

from the center. The second term indicates the amount of labor that is lost

in transporting |H(r)| units of labor through [r, r + dr], whether toward the

center, or away from it. This labor time loss is added to the excess of labor

7Direction of commute refers to the direction from home to work (in the morning).
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used between 0 and r + dr. To complete this definition of H(r), we set

H(0) = 0.

2.2.3 Commuting Costs and Wages

Differential equation (2.3) can be solved to derive the labor share remaining

at r of the total labor which traveled from s to r:

L(r, s) = exp(−
∣∣∣∣∫ r

s

τ(r)dr

∣∣∣∣).
The costs of transportation from s to r per unit of labor at s may be expressed

as 1− L(r, s). Note that L(r, s) = L(s, r).

We deviate from LRH by assuming that traveling through r takes more

time the higher the volume of traffic at r. Here, the marginal costs of trans-

port τ(r) take the functional form introduced in Wheaton (2004), which is

an amended version of the Solow (1973) transport costs function. It includes

a fixed component κ, and a congestion component, which is proportional to

traffic density at r. Then, the rate of labor decline at r is defined as:

τ(r) = κ+ (|H(r)| /(2πrt2))t1 . (2.6)

Here, t1 is a parameter that sets the intensity of congestion external effect

(t1 > 0). |H(r)| / (2πrt2) is a measure of traffic density, where t2 may be

interpreted as an indicator of road capacity throughout the city (t2 > 0).8

Our assumption on τ(r) extends the functional form given by LRH, where

labor declines at a constant rate τ(r) = κ as congestion is ignored. The LRH

labor decline rate may arise as a special case of our model, when t2 → ∞
(infinite road capacity). This generalization allows our model to produce

complex urban forms that are unattainable by the seminal model on which

it is based.

Equilibrium condition (3) puts restrictions on the wage curve w(r) in

equilibrium. For any two locations r, s ∈ [0, S], the net wage per unit of

8The provision of transport capacity does not require land in our model, so it can be
regarded as reflecting infrastructure capital.
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labor supplied at r is at least as high as the net wage when traveling from

r to work at s. If they are lower, workers would increase their net wages by

changing their work location, traveling from r to work at s. Similarly, w(s)

is at least as high as w(r)L(r, s), the net wages at s when traveling to r.

Together, these restrictions form the wage arbitrage condition:

w(s)L(s, r) ≤ w(r) ≤ w(s)/L(r, s). (2.7)

Note that if L(r, s)→ 1, then w(s)→ w(r). Hence, w(r) is continuous.

The wage arbitrage condition implies a specific functional form for w(r)

in parts of the city in which all people commute in the same direction. Con-

sider an interval R = (r1, r2) in which workers travel in one direction (either

H(r) > 0 for all r ∈ R or H(r) < 0 for all r ∈ R). Assume that workers

travel from r2 to r1, or further toward the center, to get to work. First, it

must hold that w(r2) ≥ w(r1)L(r1, r2), since every worker traveling to r2 can

travel to r1 and earn the wage offered there. Second, w(r2) ≤ w(r1)L(r1, r2).

Otherwise, those workers who travel from r2 to r1 would have switched their

place of work to r2. Similar reasoning applies if workers travel from r1 ro r2.

In such areas, w(r1) ≥ w(r2)L(r2, r1), because labor at r1 can travel to r2,

and w(r1) ≤ w(r2)L(r2, r1), because there are workers who travel from r1 to

r2. Therefore, for all r ∈ R,

w(r) =

w(r1)L(r1, r) if H(r) > 0,

w(r1)/L(r, r1) if H(r) < 0.

It is easy to see the role that transport costs play in shaping the equilib-

rium wage curve, by taking the derivative of w(r):

w′(r) =

−w(r)τ(r) if H(r) > 0,

w(r)τ(r) if H(r) < 0.
(2.8)

In areas with inwards commuting, the wage curve is declining with distance

from the center, at a rate that increases with the severity of congestion. In

outwards commuting areas, the wage curve is increasing and convex.
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The derivation of the wage curve is different at an area (r1, r2) without

commuting (H(r) = 0 for all r ∈ (r1, r2)). At every r in such an area, the

labor used in production at r must be equal to the labor supplied by workers

living at r. This describes the case of the balanced mixed zone, implying

that the two bid rent functions are equal. It is evident from Equations (2.2)

and (2.4) that a higher w(r) entails a lower q(r) as well as a higher Q(r).

Therefore, we can solve

q̂(wm(r), z(r)) = Q̂(wm(r), ū) (2.9)

to derive the wage curve wm(r): the necessary wage level for r to be a mixed

location, whether balanced or unbalanced. We label wm(r) the mixed wage

curve, and we use it extensively in the analysis of mixed zones in section 2.3.

2.3 Equilibrium Structure with Productivity

Given

LRH develop a novel, non-standard algorithm to find urban structures that

satisfy the equilibrium conditions. We take it as the basis for our search for

equilibrium. This algorithm consists of two steps, repeated iteratively until

convergence. The first step determines the equilibrium city structure given

z(r). In the second step, a new external effect function z̃(r) is obtained using

equation (2.1), given the urban structure obtained from the first step.

One of the contributions of the current paper is that the congestion effects

can be included by adapting the first step, and there is no need to introduce

another step in which the congestion external effect is separately calculated.

In this section, we focus on the equilibrium structures that may emerge in

the first step. We give special attention to the effects of congestion on the

formation of dominated mixed zones. Finally, we prove that for any z(r)

there exists a unique equilibrium urban structure.

It is convenient to determine the urban structure by focusing on the wage

curve w(r). Any collection of curves (n(r), N(r) and θ(r)) that describes
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equilibrium urban structure is associated with a single w(r). Labor density

n(r) and household density N(r) are implied by w(r) in Equations (2.2) and

(2.4). The business share of land θ(r) is implicitly derived by the comparison

of bid rent functions, which are also implied by w(r) in Equations (2.2) and

(2.4). Using the mixed wage curve, if w(r) > wm(r) then θ(r) = 1, whereas if

w(r) < wm(r) then θ(r) = 0. Any spatial variation in wm is solely attributed

to spatial variation in z(r) (see Equation (2.9)), and so it is exogenous at

this step.

The search for equilibrium structure starts with a guess of a w(r) curve

that satisfies the wage arbitrage condition and Equation (2.8). We simulta-

neously construct the curves H(r), τ(r), n(r), N(r) and θ(r). We then test

equilibrium condition (2). If H(S) = 0, then w(r) describes an equilibrium

urban structure given z(r). Otherwise, a new guess of w(r) is made and

tested. Figure 2.2 presents five possible wage paths with a given wm.

The (guessed) path of w(r) is associated with specific land use zones and

commuting patterns in the city. An area R = (r1, r2), in which w(r) < wm(r)

for all r ∈ R, is a pure business zone. In such an area, the value of H(r) is

increasing in r, since labor is assigned to jobs in the pure business area R. If

H(r1) > 0, all locations at R exhibit inward commuting (e.g. w4 in Figure

2.2 between 0 and ra). If H(r1) < 0, it is possible that there is an r̃ ∈ R

such that H(r̃) = 0. At all r ∈ (r1, r̃), commuting is away from the center,

and w(r) is increasing as implied by Equation (2.8). However, w′(r̃) is not

defined by (2.8). Nevertheless, w(r̃) can be derived because r̃ is a business

location, implying that H(r + dr) > 0, where dr → 0. Therefore, at all

r ∈ (r̃, r2), commuting is directed inward, toward ˜(r), and w(r) is decreasing

as implied by Equation (2.8).

Similarly, if w(r) > wm(r) for all r ∈ R, the zone R is purely residential,

and H(r) is decreasing in r. If H(r1) < 0, all commuting in the zone is

outward-directed. If H(r1) > 0, it is possible that at a certain r̃ ∈ R, H(r̃) =

0. Then, commuting is outward-directed at (r1, r̃) and inward-directed at

(r̃, r2) (e.g w1 in Figure 2.2, around rb). Note that a pure zone of one land

use type can be adjacent to a pure zone of another type only if w(r) = wm(r)

at the border between the zones.
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Figure 2.2: Possible wage paths in a city with a given wm. Notes: (1) The
symbols forming the w(r) curves indicate the sign of H(r) associated with
w(r): (i) + : H(r) > 0, (ii) − : H(r) < 0, (iii) 0 : H(r) = 0. (2) Curves
w2, w3 and w4 are identical up until rd, where they split into distinct paths.
(3) w3 is the only curve associated with H(S) = 0. Therefore, it is the
equilibrium wage curve. The implied structure is an inner business zone up
to ra, surrounded by a residential zone until rc that is encircled by a balanced
mixed zone up to S.
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A mixed zone is an area R in which w(r) = wm(r) for all r ∈ R. Since

w(r) coincides with wm(r), the wage arbitrage condition must hold for wm(r)

in such a zone. This restriction implies that R can be a mixed zone only if

−τ(r)wm(r) ≤ w′m(r) ≤ τ(r)wm(r) for all r ∈ R.

Balanced mixed zones are characterized by the absence of commuting and

by equal demand and supply of labor at every location. In other words, an

area R = (r1, r2) is a balanced mixed zone if w(r) = wm(r) and H(r) = 0

for all r ∈ R (e.g. w2 between rc and rd). Equation (2.5) entails a specific

composition of land use at each location, such that θ(r) = N(r)/(n(r) +

N(r)). There is no congestion, and so the wage arbitrage condition restricts

wm(r) to −κ(r)wm(r) ≤ w′m(r) ≤ κ(r)wm(r). Note that H(r̃) = 0 at the

border r̃ between the balanced mixed zone and a zone of a different type.

Hence, the more central parts of the city (where r ≤ r̃) are self-contained in

terms of labor supply and demand.

A dominated mixed zone is defined as a mixed zone in which at each

location, the demand for labor differs from the supply of labor. The excess

labor demand or supply is offset by labor commuting from or to elsewhere.

Therefore, in such a zone, w(r) coincides with wm(r) while satisfying (2.8).

Figure 2.3 depicts three wage paths that imply dominated mixed zones.

In the LRH model, which does not include congestion, so τ(r) = κ,

condition (2.8) requires that w(r) coincides with a very specific wm(r), such

that |w′m(r)| = κwm(r). This wm(r), though theoretically possible, is highly

unlikely considering the dependence of wm(r) on z(r).9

In essence, the introduction of congestion to the model adds a degree of

freedom to the shape of the bid rent curves at contiguous mixed locations

where commuting is present, allowing them to coincide and enabling the

formation of mixed zones. The setting of θ(r) ∈ [0, 1] at a mixed zone

implies a certain H ′(r), and hence a specific path of H(r), which determines

τ(r). This measure of travel costs through r implies w′(r) and hence w(r),

that is set to coincide with wm(r). Hence, the bid rent curves q(r) and Q(r)

9In the uncongested model, if w(r) coincides with wm(r) throughout a commuting area
R, then the land use allocation at R is ambiguous. In the model with congestion, θ(r) is
defined throughout any mixed zone.
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Figure 2.3: Wage paths with a dominated mixed zone, in a city with a given
wm. Notes: (1) For legend, refer to Figure 2.2, Note 1. (2) The three curves
are identical up to rb, where they split into distinct paths. (3) w2 implies an
equilibrium, with an inner business zone up to ra, surrounded by a mixed
zone dominated first by businesses, then by residences up to rc, enclosed by
a balanced mixed zone up to S.
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are set to coincide. This derivation of θ(r) that equates the bid rent curves

is now described in detail.

At the dominated mixed zone, commuting takes place, and so (2.8) implies

that the mixed wage path must satisfy:

τ(r) = |w′m(r)/wm(r)| . (2.10)

The traffic volumes under which (2.10) holds, are derived from (2.6):∣∣∣Ĥ(r)
∣∣∣ = 2πrt2 (|w′m(r)/wm(r)| − κ)

1/t1 , (2.11)

where Ĥ(r) < 0 iff w′(r) > 0.

These traffic volumes are achieved by setting the amount of labor joining

or leaving the transportation network at every location, which in turn is

governed by the relative share of businesses to houses. Since the bid-rent

curves are equal at a mixed location, any composition of land use can be

found there. The land use share that is needed for the bid-rent curves to

continue to coincide is derived from (2.5):

θ̂(r) =

[
Ĥ ′(r)− |Ĥ(r)|w

′
m(r)

wm(r)

]
/(2πr) +N

n+N
.

If wm(r), w′m(r) and w′′m(r) are such that θ̂(r) /∈ [0, 1], then r cannot be a

dominated mixed zone.

At the transition point r̃ from a pure zone into a dominated mixed zone,

the w(r) path meets the path of wm(r) and joins it into the mixed zone (e.g.

any of the wage curves in Figure 2.3, at ra). Therefore, w(r) and wm(r) are

tangent at r̃. If r̃ is the border between a dominated mixed zone and a

balanced mixed zone, then the two curves coincide on both sides of r̃ (e.g.

w2 in Figure 2.3 at rc). However, |w′m(r)/wm(r)| > κ at the dominated side,

and |w′m(r)/wm(r)| ≤ κ at the balanced side.

We now turn to show that, given z(r), there is a unique urban structure

that satisfies the equilibrium conditions. LRH prove this in a noncongested

setting. Some adaptations to the assumption and lemmas on which their
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proof is based are needed for it to hold in the congested model. We add

Lemma (1) that considers the adjusted form of wage curves in our model.

LRH Lemma 1 then follows directly. LRH Lemmas 2-5 still hold, though

slight adaptations are made to their proofs, as detailed in 2.B. A general-

ization of LRH Theorem 1, stating the existence of a unique equilibrium,

follows from these Lemmas.

Assumption 1. The functions n, q : R2
+ → R+ and N,Q : R+ → R+, are

continuously differentiable. Both n̂ and q̂ are increasing in z; n̂ is strictly

decreasing in w; q̂ is decreasing in w; N̂ is strictly increasing in w; Q̂ is

increasing in w. The first derivative n̂z(w, z) satisfies lim
z→∞

n̂z(w, z) = 0, for

all w > 0. The function U(c, l) is strictly increasing in c and l.

Lemma 1 (Proof in 2.A). Let w0 and w1 be two wage paths, and let H0

and H1 be their associated H curves. Let R = (a, S]. If w0(a) < w1(a) and

H0(a) ≥ H1(a), then w0(r) < w1(r) and H0(r) > H1(r) for all r ∈ R.

Theorem 1. Under Assumption 1, for any continuous productivity function

z there is an urban structure that satisfies equilibrium conditions (1)-(4).

Any such urban structure is uniquely determined, and is associated with a

uniquely determined wage path w(r).

The proof of Theorem 1 follows the same line of reasoning as the proof

for Theorem 1 in LRH, based on LRH lemmas 1-5.

The existence of an equilibrium urban structure in the broader sense,

without assuming z(r), is stated and proven in Theorem 2 in LRH, which

holds in our case as well, without changes to LRH Lemmas 6-12 on which

the theorem is based.

2.4 Simulated Urban Structures

In this section, we demonstrate the emergence of city structures that contain

dominated mixed zones, by numerically solving the model described above.

The solution algorithm is similar to the one detailed in section 5 of LRH.10

10The algorithm is computed first on a city consisting of 500 cells, and the resulting z is
then used at a scale of 1000 cells. As initial z, the function z(r) = 200−20r is taken. Let zi
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It is implemented in the Python programming language, and the source code

is available on-line.11 We explore the role that congestion plays by varying

the level of t2, the parameter governing the transportation system capacity.

The production function is assumed to take a Cobb-Douglas form, as a

multiplication of the functions f and g, which are defined as f(n) = nα,

where 0 < α < 1, and g(z) = zγ. The utility function is also assumed to

be Cobb-Douglas: U(c, l) = cβl1−β, where 0 < β < 1. These forms involve

three parameters: γ is an external effect parameter, 1 − α is the land share

in production, and 1− β is the land share in expenditure.

2.4.1 Effects of Transportation System Capacity

We assume that γ = 0.048, α = 0.95, and β = 0.9. We assume that free-

flow travel costs are κ = 0.001, or a loss of 0.1% of available labor time

per mile of free-flow travel to and from work. In addition, the parameters

that set the utility level ū and city radius S, are ū = 1 and S = 10 miles.

Finally, the agglomeration external effect takes δs = δd = δ (for justification

of these choices, see LRH and Lucas (2001)). Given these parameter values

and functional forms, Assumption 1 is satisfied.

Three urban structures are shown in Figures 2.4, 2.5 and 2.6, each featur-

ing a different level of sensitivity of transport costs to traffic volume. We have

chosen t2 = ∞, 2 and 1, respectively. Although these values are arbitrary,

the resulting urban structures and congestion patterns are quite plausible,

as demonstrated below. In all three examples, t1 = 4, which is the typical

value used in the travel costs function of the Bureau of Public Roads (Small

and Verhoef, 2007, p. 76). Further, we set δ = 2, an agglomeration effect

that is less local than in the simulations given by LRH (where δ is typically

be the productivity function resulting from step 2 of algorithm iteration i. The algorithm

stops at iteration i, and convergence is assumed, if

(
S∫
0

|zi(r)− zi−1(r)| dr

)
/

S∫
0

zi−1(r)dr <

0.001.
11Ross and Dong (2012) note a numerical imprecision in the computations of LRH.

We compared our numerical results in the uncongested setup with those by Ross and
Dong (2012), and found them to be very similar. Our source code is available at
https://github.com/ykantor/JUEMixedCities.
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Figure 2.4: Density of jobs (dashed), density of households (solid), and land
rent (filled), t2 =∞.

in the range of 5 to 15). This is done for illustrative purposes; mixed land

use zones occur under a wide range of δ values.

Figure 2.4 shows an urban structure of a city, in which congestion does not

play a role. The city exhibits a business center, surrounded by a residential

ring. This result is typical for this model, when transport costs are low and

agglomeration externalities are present (see Figure 9 in LRH). Rents rise

more than threefold as the center is approached from the city edge.

Congestion effects are introduced by a decrease of t2 to 2, the result of

which is shown in Figure 2.5. This city features a more dispersed structure,

with a dense business center, a sparser outer business ring, and two residential

rings. The dispersal is attributed to the higher transport costs induced by

congestion, and could be similarly found in an uncongested LRH city with a

higher κ. Land rents are lower than in the uncongested city.

Further increase in the intensity of congestion (or a decrease in road ca-

pacity) is achieved by setting t2 = 1, as shown in Figure 2.6. Now, the

business center is encircled by a ring of business-dominated mixed land use.

Further away, an outer business ring, with an employment density compara-

ble to that in the center, is bounded by two narrow business-dominated mixed

land use rings. Land rents decrease further with the increase in congestion
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Figure 2.5: Density of jobs (dashed), density of households (solid), and land
rent (filled), t2 = 2.
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Figure 2.6: Density of jobs (dashed), density of households (solid), and land
rent (filled), t2 = 1.
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intensity.

In the city of Figure 2.6, workers commute for 12:28 minutes on average

(for comparison, in Figure 2.4 the average is 2:25 minutes per worker).12 The

most congested part of the city is at the outer edge of the central business-

dominated mixed zone, at distance 2.63 miles form the center. There, the

marginal loss of labor time is 4.7% per mile, or roughly 22 minutes per worker

(if labor loss per worker is small). This cost is due to the traffic congestion

created by the city workers who travel towards the center through these

locations, amounting to 14% of the city households.

2.4.2 Examples: Los Angeles and New York

The cities of Los Angeles and New York are often taken to demonstrate

opposing extremes of urban phenomena. However, with respect to land use

mixing, Wheaton (2004) shows that the two cities are surprisingly similar. In

Los Angeles, the spatial distributions of employment and population, when

aggregated by distance from the CBD, are virtually identical, implying bal-

anced mixing. In New York, employment is only slightly more concentrated

than population. We will apply an alternative disaggregate approach, based

on Rossi-Hansberg (2004), that suggests that both cities exhibit varying lev-

els of land use mixture. Although Los Angeles and New York are indeed

not as different as one might expect, in line with Wheaton (2004), our model

lends an explanation for the observed differences in the disaggregate measure

of mixing.

Data on employment and population at the census tract level is extracted

from the U.S. 2000 Census Special Tabulation Product 64 titled ”Tract of

Work by Census Tract of Residence”, which lists for every two census tracts

the number of workers residing in one and working in the other. We take

employment at a census tract as the sum of all links in which it is the tract

12This result is smaller than commuting times in cities. However, studies show that
urban models often greatly underestimate travel time. Hamilton and Röell (1982) points
to several assumptions of the monocentric model, also made here, which may lead to
this discrepancy, including homogeneity of preferences and single-worker households. For
example, Van Ommeren and Van der Straaten (2008) find that 40 to 60% of observed
commute may be due to search imperfections, assumed away in our model.
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Figure 2.7: Cumulative employment as a function of cumulative population:
New York and Los Angeles

of work, and take population as the sum of all links in which it is the tract

of residence. The following analysis is limited to census tracts within 20

kilometers of the Central Business Districts, assumed to be Times Square in

New York and Pershing Square in Los Angeles.

Figure 2.7 plots the cumulative share of employment against the cumu-

lative share of population at each city. In such a curve, a perfectly straight

line would represent a city which is taken entirely by balanced mixed zones.

A curve that follows the horizontal axis, followed by the right-side vertical

axis would represent a city that includes only pure zones.

The majority of employment and population in New York and Los An-

geles can be found in mixed zones dominated to varying degrees by either

residences or businesses. Pure residential tracts are virtually non-existent,

whereas pure business zones host but a minor share of employment. The

higher convexity of the New York curve, when compared with that of Los

Angeles, suggests that more of the employment and population of New York

are located in dominated mixed zones, whereas in Los Angeles these zones

are typically more balanced between employment and population.

Two comparable curves are created by the model developed in this paper,

shown in Figure 2.8. All model parameters are identical in both curves, with
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Figure 2.8: Cumulative employment as a function of cumulative population:
model outcome

the exception of travel capacity t2.13 The less convex curve was created using

t2 = 9.8 and the more convex one using t2 = 10.2. The latter city with the

higher traffic capacity exhibits a more dominated urban structure. Compared

with the lower traffic-capacity city, a larger share of employment is located

in business dominated mixed zones, and a larger share of population resides

in residential dominated mixed zones.

The effect of the transportation system capacity may contribute to an

explanation for the observed differences between New York and Los Angeles.

The (particularly Eastern) inner part of the New York metropolitan area is

served by the most extensive transit system in the U.S., whereas transporta-

tion in Los Angeles relies mostly on the road network. The capacity of the

transit system to accommodate vast numbers of commuters enables employ-

ment and residents in New York to segregate into more dominated, and less

balanced, mixed zones. In contrast, Los Angeles’ car-based transportation

system is prohibitive to the formation of strongly dominated zones, into and

from which a large share of the workers commute.

It is hard to ignore that the simulated city structures do not correspond

13Parameter values are: δs = 5, δd = 2, γ = 0.04, κ = 0.001, t1 = 1, α = 0.95, β =
0.9, ū = 1 and S = 10.
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entirely to the data. By their nature, our data overestimate the level of

land use mixing, since some census tracts are large enough to contain areas

of different land use pattern, and this distinction is lost in our analysis.

Furthermore, the agglomeration forces that are modeled by the functional

form of z capture only a part of the productivity effects active in the city.

We assume away potential external effects of the agglomeration of residents

as well as interactions between residents and firms other than commuting,

such as shopping trips.

We tested the sensitivity of the model to the choice of the agglomeration

externalities function z. To that end, we simulated urban structures using

other productivity distributions, such as static locational advantages, and

the emerging urban structures were indeed different. Nevertheless, the qual-

itative result that a less congestion-sensitive transportation system results in

a more dominated mixed land use pattern stands firm.

2.5 Conclusions

In this paper we have extended the LRH urban structure model by adding

congestion externalities to its transport costs setting. Due to congestion, the

model produces an array of urban structures, much wider than the original

model can possibly produce. In particular, the land-use map of our model

encompasses dominated mixed land use zones that contain any arbitrary

mix of businesses and residents. In contrast to Anas and Kim (1996) and

Wheaton (2004), our theory explains mixed land use by making standard

economic assumption of bid-rent competition. We endogenously derive the

location patterns of households and firms, and the agglomeration externalities

they entail, without the need to recourse to random utility models.

The introduction of a second source of external effect has implications

for the optimal urban structure as well as for policies aimed at achieving it.

The discussion of optimal structure, as done in Rossi-Hansberg (2004) with

regards to LRH, under the conditions of congestion, is left for future research.

We also ignore optimal road policy, which is likely influenced by the presence

of agglomeration externalities, as demonstrated by Arnott (2007).
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The sensitive and complex manner by which the externalities’ parameter

settings determine the resulting urban structures, highlights the potential

relevance of indirect effects of policy involving any of the externalities. The

theory developed illustrates how an improvement in road capacity, reduc-

ing congestion, leads to greater concentration of employment, which in turn

increases productivity through agglomeration externalities. This underlines

the message of Venables (2007) regarding the relevance of indirect benefits

of policies that aim to reduce congestion.

2.A Proof of Lemma 1

Proof. Let

A = {(c, d] ⊆ R : ∀r ∈ (c, d], 0 < H1(r)} ,

B = {(c, d] ⊆ R : ∀r ∈ (c, d], 0 = H1(r)} ,

C = {(c, d] ⊆ R : ∀r ∈ (c, d], H1(r) < 0 < H0(r)} ,

D = {(c, d] ⊆ R : ∀r ∈ (c, d], 0 = H0(r)} ,

E = {(c, d] ⊆ R : ∀r ∈ (c, d], 0 > H0(r)} ,

and R̆ = ∪{A,B,C,D,E}. It is easy to see that R = ∪
{
R̆
}

.

Because H and w are continuous in R, we can finish the proof by showing

that for all (c, d] ∈ R̆, if w0(c) < w1(c) and H0(c) ≥ H1(c), then for all

r ∈ (c, d], w0(r) < w1(r) and H0(r) ≥ H1(r).

Let (c, d] ∈ R̆. If H0(c) = H1(c), then by (2.5), H ′0(r → c+) > H ′1(r →
c+). Thus there exists ε > 0 such that H0(r) > H1(r) and w0(r) < w1(r) for

all r ∈ (c, c+ ε). Let b = c+ ε/2. Otherwise, if H0(c) < H1(c), let b = c.

Assume that there is r ∈ (b, d] such that w0(r) = w1(r) or H0(r) = H1(r),

and that it is the closest location to the right of b to meet this condition.

Hence, for all s ∈ (b, r), H0(s) > H1(s) and w0(s) < w1(s).

If (c, d] ∈ A, then w1(r)/w0(r) =
w1(b)

w0(b)
exp(

∫ r
b

(τ0(s) − τ1(s))ds). The

term in the integral is positive, implying that w1(r) > w0(r).

If (c, d] ∈ B, then w1 is associated with a balanced mixed zone through-
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out (b, d). Hence, w1(s) = wm(s) and −κw1(s) ≤ w′1(s) for all s ∈ (b, d). Let

wmin1 (r) = w1(b) exp(−
∫ r
b
κds). It follows that w1(r) ≥ wmin1 (r). It is true

that wmin1 (r) > w0(r), because wmin1 (r)/w0(r) =
w1(b)

w0(b)
exp(

∫ r
b

(H0(s)/(2πrt2))t1ds) >

1. Therefore, w1(r) > w0(r).

Suppose (c, d] ∈ C. From the definition of C, H0(r) ≥ H1(r). For all

s ∈ (c, d], w′0(s) < 0 and w′1(s) > 0. Since w0(b) < w1(b), w0(r) < w1(r).

If (c, d] ∈ D, then w0 is associated with a balanced mixed zone through-

out (b, d). Hence, w0(s) = wm(s) and w′0(s) ≤ κw0(s) for all s ∈ (b, d). Let

wmax0 (r) = w0(b) exp(
∫ r
b
κds). It follows that w0(r) ≤ wmax0 (r). It is true that

wmax0 (r) < w1(r), because w1(r)/wmax0 (r) =
w1(b)

w0(b)
exp(

∫ r
b

(H1(s)/(2πrt2))t1ds) >

1. Therefore, w1(r) > w0(r).

Suppose (c, d] ∈ E. Then, w1(r) − w0(r) = w1(b) exp(
∫ r
b
τ1(s)ds) −

w0(b) exp(
∫ r
b
τ0(s)ds) > w1(b) exp(

∫ r
b
τ0(s)ds)−w0(b) exp(

∫ r
b
τ0(s)ds) = (w1(b)−

w0(b)) exp(
∫ r
b
τ0(s)ds) > 0. Therefore, w1(r) > w0(r).

Suppose (c, d] ∈ R̆, and suppose that H0(r) = H1(r). Since w1(r) > w0(r)

we know that there is ε > 0 such that y0(s) − y1(s) > −τ0(s)|H0(s)| +

τ1(s)|H1(s)| for all s ∈ (r − ε, r). Then, for all s in this neighborhood,

H ′0(s) > H ′1(s). Since H0(r − ε) > H1(r − ε), it follows that H0(r) > H1(r).

2.B Adaptations to LRH Lemmas 2-5

The following adaptations are made in order for the proofs of Lemmas 2-5 in

LRH to hold in the model with congestion.

Any assumed wage path wr that departs from wm(r) at r1, growing/declining

at a rate κ, is replaced by a wage path wr that departs from wm(r) at r1,

over/under wm(r) to the right of r1. It takes the form

w(r) = wm(r1) exp(−sgn(H(r))

∫ r

r1

τ(s)ds)

immediately to the right of r1, and continues as described in sections (2.2)

and (2.3).
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At any interval in which w(r) follows wm(r), H(r) is not necessarily 0.

In Lemma 5, each element of ϕ(ω) is associated with a wage path con-

tained in the interval between a wage path of a pure business city (w(r) =

ω exp(−
∫ r

0
τ(s)ds), θ(r) = 1∀r) and a wage path of a pure residential city

(w(r) = ω exp(
∫ r

0
τ(s)ds), θ(r) = 0∀r).



Chapter 3

The Effect of Train Station

Proximity on the Value of

Commercial Property

3.1 Introduction

Almost two centuries after its introduction, the train continues to serve as

a major mode of personal and business travel in large parts of Europe and

Asia. More than any other major mode of urban transportation, ports of

entry into the network - the train stations - are scarce. Due to this scarcity,

locations with good accessibility to train stations are expected to offer lower

travel costs, and thus be desirable for residents to live at and for firms to

employ labor at.

Moreover, the large numbers of people passing through stations, as well

as the large number of pedestrians walking to stations, may attract retail

activity, and the concentration of firms near stations may further attract

similar or complementary industries due to benefits of agglomeration. In

addition to improved accessibility, firms can save on parking provision, which

tends to be expensive in areas of high economic activity. Following traditional

economic reasoning, these factors would be manifested in increased land and

property values in the vicinity of train stations.
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These effects have been extensively explored in the economic literature

in the context of residential location using house prices. However, little

attention has been given to the price of commercial property because of

a lack of data (Mohammad et al., 2015). This paper sheds light on the

station premium effect for this type of properties. The focus on commercial

properties is particularly interesting, since it is reasonable to expect that the

station proximity effect on offices and shops would be very pronounced, and

therefore economically important.

Policymakers have an interest in measuring the premiums for station prox-

imity. Projects of constructing new rail lines, opening new stations and

revitalizing or expanding old ones tend to involve substantial costs to the

public. It is therefore important to identify the full array of benefits, if such

a project is to be deemed economically viable in a cost-benefit analysis. Fol-

lowing urban bid-rent theories, many of these contributions to the welfare

of consumers and firms can be estimated by the spatial fluctuations in land

prices around train stations. Similarly, the closure of old stations, while not

necessarily being expensive, entails social costs, which may be approximated

using land price data.

On the other side of the same coin, the high costs related to rail invest-

ments often burden public budgets. In order to alleviate this fiscal pressure,

the government may use the land premiums associated with station proximity

to its advantage. The government can finance rail projects by taxing owners

of land and properties near new stations, or by owning land near the station-

to-be, and leasing or selling the land after the construction is complete or

when the local accessibility advantages have been realized in prices. Cervero

and Murakami (2009) discuss the implementation of such a value capture

scheme in Hong Kong. Information on the patterns of price change can thus

be used in planning the financing of projects involving train stations.

A large body of literature has explored the impact of rail station acces-

sibility on the value of land and property. For the most part, the focus is

on the residential markets. Much of this literature is analyzed in two meta-

analysis studies, one by Debrezion et al. (2007) and the other by Mohammad

et al. (2013). Both find that there is an average price premium of 8 percent
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for land and properties that are located close to stations. A few of the un-

derlying studies provide estimates from commercial property markets. The

station proximity premium appears larger for commercial properties than for

housing. Debrezion et al. (2007) indicate that the price of commercial prop-

erties within 1/4 mile from a station is 16.4 percent higher on average than

the price of commercial properties further away.

The few studies of commercial properties are essentially case studies of

a train system in U.S. metropolitan areas, by means of a hedonic prices

regression. I discuss them here. Weinstein and Clower (1999) find that

the appraised values of offices and shops are 22.7 and 4.6 percent higher,

respectively, within 1/4 mile from a light rail station in Dallas than elsewhere

in the metropolitan area. In Santa Clara County, Cervero and Duncan (2002)

report that commercial land exhibits a sale price premium of 23 percent near

light rail stops and more than 120 percent around commuter rail stations.

For this county, Weinberger (2001) shows that rent prices of commercial

properties within 1/4 mile from a light rail station are 10 percent higher

than comparable properties elsewhere. She further explores the subtleties of

the distance effect, and finds that the rent gradient is constant (flat) in the

first 1/4 mile around a station, followed by a decline of 12 percent up to 3/4

mile from a station, and a flat line beyond that.

Several studies find a mixed, and even negative, effect of station proximity.

Bollinger et al. (1998) find that the rent for offices located in Atlanta within

1/4 mile from light rail stations is nearly 10 percent lower than elsewhere in

the city. Cervero (2004) shows that the sale price premium for commercial

properties near light and commuter rail stations in San Diego county ranges

between negative (albeit statistically insignificant) and a positive 91 percent,

depending on the rail service line. Lastly, Billings (2011) does not detect an

impact of proximity to light rail stations on commercial property sale prices

in Charlotte, North Carolina. He attributes this to data limitations, as well

as to a late materialization of the effect of the new transit system.

In this study, I improve on the literature by using nationwide data. A

hedonic regression with spatial fixed effects is employed to estimate the value

that firms associate with proximity to train stations. The data describe lease
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and sale transactions of retail and office spaces in the Netherlands, which

took place between 1990 and 2015. The station proximity effect is specified

as a linear spine, a continuous piecewise linear function of distance to the

nearest train station. Neighborhood fixed effects and yearly fixed effects are

used as control variables.

I find that the value of office space decreases by 2 to 4 percent for every

100 meters from the nearest train station. Firms pay 17.5 percent more for

office locations immediately near stations than at locations farther than 2000

meter away, but by 400 meter (about 1/4 mile) from the station the premium

cannot be distinguished from zero.

In contrast, shops seem to value locations at a short distance from a

station, but not necessarily directly near it. No evidence of a premium on

retail space immediately near train stations is found. Rather, shops seem

to value locations at a short distance from a station, attaching a premium

of 17.5 percent for locations 250 meter away. Further away, no significant

premium is found.

The sensitivity analysis shows that estimated effect on the price of shops

is very sensitive to the inclusion of measures of agglomeration, such as the

number and floor space of neighboring shops and offices, but the effect on

the price of offices remains robust. In addition, the estimated premiums on

the price of shops and offices are statistically significant only near stations in

which intercity trains stop. This result makes sense, as such stations typically

serve larger numbers of travelers.

The remainder of this paper consists of the following sections. Section

3.2 describes the hedonic regression model, Section 3.3 the data, Section 3.4

presents the results and Section 3.5 provides discussion and concludes.

3.2 Model

The commercial bid-rent function expresses the relationship between the

price that firms are willing to pay for floor space and its determinants. Ac-

cess to a train station influences the bid-rent of offices through its impact on

the local wage rate, the accessibility to customers and suppliers and the costs
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of face-to-face interactions with workers from other firms (Bollinger et al.,

1998).

The decomposition of property price into the values attached to its com-

ponents is carried out using a hedonic pricing model. This model is com-

monly used in identifying the intrinsic value of the locational context in which

a property is situated (Bartholomew and Ewing, 2011).

In its most basic form, the model used in this paper can be written as

log(pi) = α + β log(m2
i ) + f(di) + δxi + εi. (3.1)

Here, pi denotes the price associated with transaction i, m2
i is the property

floor space, di is the distance to the nearest train station, f is a piecewise lin-

ear function with given breakpoints, xi is a vector of observed characteristics

of the property and of the transaction, and εi is the error term.

Commercial property pricing is highly dependent on locational and tem-

poral factors that influence the technology, the market and costs that firms

face. In particular, it is plausible that station proximity is correlated with

other factors that also influence the price. This is the case particularly when

stations are centrally located in urban areas. Development densities, plan-

ning features, crime rates and urban amenities are some of these factors

(Bartholomew and Ewing, 2011). In order to reduce this potential source

of bias, I use neighborhood fixed-effect zones that form an arbitrary spatial

grid, in which cells are as small as the data allow. It is assumed that the

grid captures the effect of these confounding factors. Yearly fixed-effects are

included to control for nation-wide developments in the real estate market.

Agglomeration effects are also likely associated with station proximity.

Stations have typically opened in areas of dense economic activity, which

may have remained due to path dependency. Then, the measured effect would

likely be overstated. Therefore, I control for the number and floor space of

shops and offices within 100 and 200 meters from the property. If stations

increase prices through increases in agglomeration (and if agglomeration has

a positive external effect), then this indirect station effect is not identified in

this analysis.
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In other papers studying station proximity, it is found that controlling

for property characteristics does not significantly alter the estimate of the

station proximity effect (Mohammad et al., 2013). I test if this holds in

the Dutch commercial market by controlling for the age of the building (the

indicator age), and whether it is listed as recently renovated (renovated).

Bartholomew and Ewing (2011) stress the importance of controlling for

alternative transport systems, and I address this in two ways. First, the

logarithm of the distance to the nearest highway ramp is included as the co-

variate log(rampdist). Second, the variable withparking indicates whether the

transaction included off-street parking, and the variable log(parking) holds

the logarithm of the number of parking spots with which the property is

bundled, in case it is positive.

The value that firms attach to station proximity is estimated separately

for offices and for shops. For each of these property types, five models are

estimated. First, an OLS model with controls, including agglomeration mea-

sures. A second model is a bare-bones specification with neighborhood fixed-

effects. The third model includes year and neighborhood fixed-effects, the

property floor space, the type of transaction, and controls. The forth speci-

fication adds controls for measures of agglomeration. The fifth model allows

the proximity effect to vary according to the station service level. Sensitivity

tests are detailed at the end of this section.

The reported covariates of the station distance effect are estimates of the

intercepts of the piecewise linear distance function segments. Thus, they

represent the price at 0, 250, 500, 1000 and 2000 meters from the station,

compared with properties located more than 2000 meters away. The distance

effect is specified such that it changes linearly from one segment intercept

to the next. The knots are determined a priori, similarly to the 250 meter

distance segments used by Debrezion et al. (2007).

3.3 Data

Transactions of commercial real estate are extracted from the Property Trans-

action Information System database provided by the market research com-
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Table 3.1: Descriptive statistics

Offices Shops

Variable Mean S.d. N Mean S.d. N
price (1000’s AC)

rent 118.13 256.67 26586 49.03 96.07 17399
sale 4475.01 13262.95 6267 928.30 2561.67 4147

price/m2 (AC/m2)
rent 127.83 48.21 26586 231.30 177.33 17399
sale 1382.36 881.06 6267 2842.14 3251.27 4147

m2 1214.80 2905.45 32853 341.73 667.07 21546
rampdist 2039.59 1537.91 —”— 2708.53 1913.36 —”—
renovated 0.02 —”— 0.02 —”—
parking 4.32 31.46 —”— 0.17 3.98 —”—
age (years)

0–10 0.32 —”— 0.16 —”—
11–50 0.41 —”— 0.31 —”—
51–100 0.13 —”— 0.28 —”—
101+ 0.10 —”— 0.23 —”—

pany Strabo. Lease or sale transactions that involve office or retail space

and that were recorded between the years 1990 and 2015 are selected for

the analysis. The geographical coordinates of the properties are geocoded

at the street address level. After excluding incomplete or duplicate records,

the dataset contains 21546 retail space transactions and 32853 office space

transactions. The descriptive statistics are shown in Table 3.1. 14

Agglomeration indicators are based on the number and surface area of

properties adjacent to the traded property. These figures are compiled from

two sources. First, the BAG dataset of the Netherlands Cadastre, Land Reg-

istry and Mapping Agency (Kadaster) provides information on all addresses

and subaddresses at the smallest units of spatial registry, such as a single

shop or flat, in 2015. The exact location of every such unit, its surface area

and its designated function, are indicated.

14The data provider distinguishes between transactions, in which both involved parties
were either developers or investors, and other transactions. Transactions of the former type
typically involve bigger and pricier properties, and information about them is collected by
different channels than those used for other transations. They are also exclusively sale
transactions. In all the estimated models, controlling for this special type, which may be
an endogenous variable, has very little effect on the result.
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The second dataset is provided by Locatus, and contains yearly informa-

tion on the entire population of shops and their floor space in the Netherlands

between 2003 and 2012. Only shops that were not empty on the year the

transaction took place are included (unless the transaction took place before

2003 or after 2012, in which case 2003 or 2012 are used). Using these data,

a set of variables is created. shopnX, locatusnX and officesnX are variables

indicating the number of shops from BAG, shops from Locatus and offices,

respectively, within X meters from the property, where X ∈ {100, 200}.
shopareaX, locatusareaX and officesareaX indicate the total floor area (in

m2) of BAG shops, Locatus shops and offices within X meters from the prop-

erty. The descriptive statistics of the agglomeration variables are shown in

the Appendix.

The locations of highway ramps are determined using the National Roads

Database (NWB) for the years 1995–2015. I identify clusters of roads marked

as on-ramp or off-ramp located within 100 meters from each other. The

distance from a transaction property to the nearest centroid of such cluster

is taken as the distance to the nearest highway ramp. Transactions that took

place before 1995 use the location of the ramps that existed in 1995.

The construction year of the building in which a property is located, is

also determined using the BAG dataset, which provides the contour lines

of all Dutch buildings in 2015. Each transaction is assigned to a building

according to its geocoded location, unless the transaction took place before

the building’s construction year. The age of the building is the time dif-

ference between the transaction and construction years. It is categorized

into five categories: 0–10 years (reference group), 11–50, 51–100, 101+, and

missing. Note that the reference group contains 1112 transactions (about 2

percent of the observations) that had been listed one or two years before the

construction year.
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3.4 Results

Offices

The results of estimating the first four models on office data are listed in

Table 3.2. The first column lists the coefficient estimates of the OLS model.

There is a premium of 9.5 percent (exp(0.091)−1) for locating ’at the station’

rather than beyond 2000 meters, and a less significant (at the 10% level) 5.6

percent for locating 250 meters from it. There is no statistically significant

premium at 500 and 1000 meters, but there is a peculiar 9.3 percent premium

for locating 2000 meters away from the station. This finding disappears in the

following specifications, and is therefore taken as spurious. Agglomeration

controls, reported in the appendix, exhibit statistically significant positive

elasticities of price with respect to the number of offices and shops and the

floor space of offices surrounding the property, and a negative elasticity with

respect to the floor space of nearby shops.

The second column reports the results of a specification that controls

for spatial fixed-effects, floor space and whether the transaction was a sale

or a lease. The following specifications produce very similar estimates, but

with improved efficiency. They are, therefore, the preferred specifications for

offices.

The third specification adds control variables to the fixed-effects, as well

as yearly indicators to control for nationwide trends. I find that locating

”at the station” is estimated to have a price premium of 17.5 percent. The

premium for locating 250 meters from a station rather than beyond 2000

meters is 9.0 percent. These premiums are statistically significant, and the

hypothesis that the effect is zero is rejected at a 95% confidence at all lo-

cations closer than 397 meters from a station. It cannot be rejected at all

locations farther away. The full distance effect is plotted in Figure 3.1.

The elasticity of price with respect to floor space is nearly one. Sale

transactions are priced 10.3 times as high as the yearly rent of a comparable

property, implying a gross yield of 9.7 percent. The price of a property in an

11–50 year old building is 16.0 percent lower than newer buildings, that of
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Table 3.2: Estimation results, the price of office space

(1) (2) (3) (4)
distance to station
(reference:>2000m)

0m 0.091∗∗ 0.161∗∗∗ 0.162∗∗∗ 0.157∗∗∗

(0.040) (0.043) (0.041) (0.042)
250m 0.054∗ 0.079∗∗ 0.086∗∗∗ 0.070∗∗

(0.029) (0.032) (0.028) (0.028)
500m −0.007 0.021 0.032 0.027

(0.035) (0.034) (0.030) (0.030)
1000m 0.018 0.002 0.011 0.011

(0.020) (0.030) (0.028) (0.029)
2000m 0.089∗∗∗ −0.021 −0.016 −0.015

(0.025) (0.020) (0.019) (0.019)
log(m2) 1.004∗∗∗ 0.989∗∗∗ 0.979∗∗∗ 0.976∗∗∗

(0.009) (0.005) (0.005) (0.005)
building age (years)
(reference: 0–10)

11–50 −0.156∗∗∗ −0.174∗∗∗ −0.170∗∗∗

(0.011) (0.008) (0.008)
51–100 −0.039 −0.168∗∗∗ −0.157∗∗∗

(0.036) (0.016) (0.016)
101+ 0.030 −0.102∗∗∗ −0.093∗∗∗

(0.022) (0.019) (0.020)
missing −0.058∗∗∗ −0.104∗∗∗ −0.084∗∗∗

(0.016) (0.015) (0.015)
renovated 0.124∗∗∗ 0.056∗∗∗ 0.054∗∗∗

(0.028) (0.015) (0.015)
withparking −0.062∗∗∗ −0.054∗∗∗ −0.061∗∗∗

(0.017) (0.013) (0.013)
log(parking) 0.043∗∗∗ 0.042∗∗∗ 0.043∗∗∗

(0.006) (0.005) (0.005)
log(rampdist) −0.020 0.003 0.009

(0.014) (0.010) (0.010)
sale 2.259∗∗∗ 2.318∗∗∗ 2.328∗∗∗ 2.330∗∗∗

(0.013) (0.012) (0.012) (0.012)
Constant 4.371∗∗∗

(0.130)

Year dummies Yes Yes Yes Yes
Aggl. indicators Yes No No Yes
Spatial FE No Yes Yes Yes

Grid size NA 1,000m 1,000m 1,000m
No. groups 1 2,896 2,896 2,896
Observations 32,853 32,853 32,853 32,853
R2 0.956 0.965 0.973 0.974

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Figure 3.1: Distance effect on offices in the fixed-effects model with a 95%
confidence band

a 51–100 year old one 15.5 percent lower, and that of an older building 9.7

percent lower. Newly renovated properties are associated with 5.8 percent

higher prices. Transactions that include a single parking spot are surprisingly

5.3 percent cheaper than those without parking, but the price increases by 3.0

percent (20.042 − 1) for every 100 percent increase in the number of parking

spots. All of these estimates are statistically significant at the 1% level.

Proximity to a highway ramp does not influence office prices.15

In order to have a sense of the magnitude of the estimated station prox-

imity effect, consider a lease transaction of office space in 2014. The size of

this hypothetical property is 1215 m2, the average office floor space in the

sample. It is newly built, includes no parking spots, and the nearest highway

ramp is 2040 meters away, the sample average.

The predicted price of such property depends on its location in the fixed

effects estimation, and the distance to the nearest station. Consider two

possible spatial locations. The first location has an estimated dummy of

felow = 4.233. Only 5 percent of office transactions belong to locations with

15An alternative specification, which flexibly controls for the distance to the nearest
highway, does not change the results, and the distance to highway effect is insignificant.
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a lower dummy estimate. The second location has an estimated dummy of

fehigh = 5.061. Only 5 percent of transactions are in locations with a higher

dummy estimate. Table 3.3 shows the predicted lease price of such property

at various distances from the station.

Table 3.3: Predicted office price in AC

Distance felow = 4.233 fehigh = 5.061

0 119, 619 273, 860
250 110, 916 253, 933
500 105, 080 240, 573

1, 000 102, 845 235, 457
2, 000 100, 160 229, 308

A back-of-the-envelope calculation provides interesting insights about

these estimates. Based on the estimates, consider a firm that is willing to pay

a yearly rent premium of AC10,000 for being located 250 meters from a sta-

tion, rather than 500 meters from it. Assume the value of travel time is AC17

per hour (Van Ommeren and Fosgerau, 2009), the average walking speed is 4

kilometer per hour, and a worker commutes 210 days a year. The 250 meters

difference in distance translates to AC446.25 of monetized yearly time savings

for a worker who commutes by train and walks between the station and the

office. If the firm fully internalizes these cost savings, it implies that the

number of workers in the firm enjoying these savings is 10000/446.25 ≈ 22.

If the averagely sized office provides 20m2 for each worker, the firm employs

61 workers. It follows that the share of train-walk commuters in the firm is

37 percent.

This figure is higher than the average modal share of rail transport in

the Netherlands, which suggests that the premium estimates are high, too.

However, train usage by those working near stations probably exceeds the

average. Moreover, this calculation assumes that the source of all capitalized

savings is reduced commuting costs. As discussed before, savings may exist

through other channels, such as extended labor pool, and accessibility to

customers, suppliers and complementary firms (Bollinger et al., 1998).

A fourth specification extends the third by including the number and floor
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Figure 3.2: Interactions with the distance effect, offices

space (both in log form) of offices and shops within circles of 100 and 200

meter radius from the traded property, using data from both BAG and Loca-

tus. There are no significant differences in the covariate estimates compared

to the third specification, though the distance effect is slightly diminished.

The elasticities of price with respect to the number and floor area of

neighboring shops are found to be negative. These are the only estimates of

the agglomeration effect that are significant at the 5% level. The estimates

are closer to zero than the agglomeration effects in the OLS model, implying

that much of the effect is captured by the spatial fixed effects. For a full

table of agglomeration estimates see Appendix 3.A.

In the last specification, I test whether the price effect depends on the level

of transit services offered at the train station, as suggested by Bartholomew

and Ewing (2011). To this end, stations are divided into two groups: those

at which intercity trains stop (65 percent of the observations), and those at

which only local trains do. In addition to the baseline and agglomeration

controls, there is an interaction term with the piecewise distance covariate

that captures the difference between the effects of the two station types.

The estimated distance effects are presented in Figure 3.2. I find that a

statistically significant (at the 5% level) distance effect is found only around
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intercity stations. The premiums for locations ’at the intercity station’ and

at 250 meters are estimated at 23.6 and 11.8 percent, respectively. At this

distance band, the effects of intercity and non-intercity are statistically sig-

nificantly different at a 5% level. The full results can be found in Appendix

3.A.

Shops

The estimated effect of station distance on the price of retail floor space

is quite different from the effect on offices, both in its form, the size of its

standard errors and its sensitivity to the inclusion of agglomeration controls.

The results of the four specifications are listed in Table 3.4.

In the OLS model (column 1), the price is lower at 0, 250, 500 and

1000 meters than at 2000 meters or further, but these estimates are largely

statistically insignificant. Note that the s.e. are much larger than for offices,

implying that it is not possible to identify moderate effects of distance, even

if they exist. Controlling for spatial fixed effects, this picture changes once

again. The bare-bones fixed effects model (column 2) exhibits large positive

premiums at 250, 500 and 1000 meters, significant at the 5% level. Efficiency

is improved by the added controls in the following specifications.

In the fixed effects model with controls (column 3), I find that the price

premium for locating ”at the station” cannot be distinguished from zero at

a 10% significance level. This may be due to high standard errors and the

relatively small number of shops in the 0–250 meter range: there are 767

transactions of such properties, compared to 2289 offices at that distance

band. However, at 250 meters there is a statistically significant (5%) pre-

mium of 30.8 percent. A significant (5%) effect is found up to 1062 meters

from the station, where the premium is 24 percent. Surprisingly, the price at

2000 meters from the station is 13.6 percent lower (at 10% significance) than

the average price further away. The full effect is plotted in the left panel of

Figure 3.3.

The control variables affect the price as follows. A marginal increase

of one percent in floor space is associated with a 0.65 percent increase in
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Table 3.4: Estimation results, the price of retail space

(1) (2) (3) (4)
distance to station
(reference:>2000m)

0m −0.244 0.081 0.087 0.114
(0.175) (0.171) (0.169) (0.128)

250m −0.093 0.263∗∗ 0.269∗∗ 0.161∗∗

(0.068) (0.106) (0.105) (0.071)
500m −0.102∗ 0.238∗∗∗ 0.243∗∗∗ 0.074

(0.053) (0.092) (0.090) (0.065)
1000m −0.032 0.231∗∗ 0.235∗∗ 0.065

(0.046) (0.115) (0.113) (0.079)
2000m 0.021 −0.149∗ −0.146∗ −0.082

(0.055) (0.087) (0.086) (0.062)
log(m2) 0.666∗∗∗ 0.653∗∗∗ 0.651∗∗∗ 0.675∗∗∗

(0.009) (0.009) (0.009) (0.009)
building age (years)
(reference: 0–10)

11–50 −0.113∗∗∗ −0.093∗∗∗ −0.115∗∗∗

(0.018) (0.018) (0.015)
51–100 −0.135∗∗∗ −0.068∗∗∗ −0.098∗∗∗

(0.022) (0.019) (0.018)
101+ −0.029 −0.039∗ −0.090∗∗∗

(0.029) (0.020) (0.018)
missing −0.095∗∗∗ −0.113∗∗∗ −0.092∗∗∗

(0.032) (0.027) (0.028)
renovated 0.140∗∗∗ 0.081∗∗∗ 0.079∗∗∗

(0.031) (0.025) (0.023)
withparking −0.162∗∗∗ −0.279∗∗∗ −0.197∗∗∗

(0.055) (0.063) (0.067)
log(parking) 0.117∗∗∗ 0.164∗∗∗ 0.159∗∗∗

(0.029) (0.054) (0.052)
log(rampdist) −0.021 0.030 0.007

(0.022) (0.039) (0.029)
sale 2.523∗∗∗ 2.530∗∗∗ 2.533∗∗∗ 2.555∗∗∗

(0.016) (0.016) (0.016) (0.015)
Constant 5.948∗∗∗

(0.247)

Year dummies Yes Yes Yes Yes
Aggl. indicators Yes No No Yes
Spatial FE No Yes Yes Yes

Grid size NA 1,000m 1,000m 1,000m
No. groups 1 2,001 2,001 2,001
Observations 21,546 21,546 21,546 21,546
R2 0.863 0.889 0.894 0.908

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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price. Sale transactions are priced 12.6 times as high as the yearly rent of

a comparable property, implying a gross yield of 7.9 percent. The price of

a property in an 11–50 year old building is 8.9 percent lower than newer

buildings, that of a 51–100 year old one 6.6 percent lower, and that of an

older building 3.8 percent lower. Newly renovated properties are associated

with 8.4 percent higher prices. Transactions that include a single parking

spot are 24.3 percent cheaper than those without parking, and the price

increases by 17.8 percent for every doubling of the number parking spot. All

of these estimates are statistically significant at the 1% level, except for age

101+ which is significant at the 10% level. Proximity to a highway ramp is

not found to be statistically significant.

In the specification that controls for agglomeration (column 4), the dis-

tance effect diminishes, as evident in the right panel of Figure 3.3. It is now

statistically significant (at 5%) only at a narrow band 250 meters from the

station, where the premium is 17.5 percent. The estimated agglomeration

effects are more significant than in the office models, but the picture they

paint is complex due to strong collinearity among themselves. A statistically

significant positive elasticity is found for the number of shops within 100 me-

ters and the floor area of shops within 200 meters, while the number of offices

within 100 meters has a negative elasticity. The full table of agglomeration

estimates can be found in the Appendix.

The exercise of predicting property prices is repeated using this speci-

fication. In addition and similarly to m2 and rampdist, the agglomeration

covariates take their mean value among retail transactions. The result is

displayed in Table 3.5.

Table 3.5: Predicted retail space price in AC given fixed effect

Distance felow = 4.892 fehigh = 5.887

0 39, 126 105, 843
250 41, 044 111, 029
500 37, 613 101, 749

1, 000 37, 267 100, 813
2, 000 32, 158 86, 992
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Figure 3.3: Distance effect on retail space with a 95% confidence band. Left
panel: baseline; Right panel: controlling for agglomeration

The last specification distinguishes the distance effect between intercity

and non-intercity stations, while controlling for agglomeration. I find that

the statistically significant effect of station proximity in the agglomeration

specification is largely driven by the intercity stations (see Figure 3.4). The

premium at 250 meters from an intercity station is 22.6 percent, but elsewhere

the null hypothesis cannot be rejected at 95% confidence. Around non-

intercity stations, no significant distance effect is found.

Sensitivity to the Grid Size of the Fixed-Effects

The geographical extent of the neighborhood effect has been chosen as a

1000×1000 meter cell. The sensitivity of the model outcomes to this choice

is tested by repeating the fixed effects analysis with all controls but using

smaller cells. The results of this analysis are shown in Table 3.6.

The effect on office firms loses significance with the increase in the number

of groups. Using 500×500 meter cells there is a significant (5%) premium

only for locating ”at the station”. With cells of a finer spatial scale, the

standard errors are too large to identify an effect. In contrast, the effect of

station proximity on the price of retail space is robust even when cells are as
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Figure 3.4: Interactions with the distance effect, retail

Table 3.6: Sensitivity to the grid size of the fixed effect

Offices Shops

distance
(ref.:>2000m)

0m 0.157∗∗∗ 0.113∗∗ 0.121 0.114 0.139 0.088
(0.042) (0.057) (0.079) (0.128) (0.134) (0.167)

250m 0.070∗∗ 0.020 −0.032 0.161∗∗ 0.168∗∗ 0.189∗∗

(0.028) (0.041) (0.059) (0.071) (0.075) (0.088)
500m 0.027 −0.035 −0.075 0.074 0.094 0.096

(0.030) (0.040) (0.059) (0.065) (0.066) (0.077)
1000m 0.011 −0.009 −0.021 0.065 0.055 0.095

(0.029) (0.035) (0.051) (0.079) (0.069) (0.082)
2000m −0.015 −0.023 −0.024 −0.082 −0.082 −0.142∗∗

(0.019) (0.022) (0.026) (0.062) (0.054) (0.065)

Grid size 1,000m 500m 250m 1,000m 500m 250m
No. groups 2,896 4,915 7,642 2,001 3,018 4,353
Observations 32,853 32,853 32,853 21,546 21,546 21,546
R2 0.974 0.977 0.982 0.908 0.919 0.933

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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small as 250×250.

Including station fixed effects, in addition to the grid, does not change any

of the results in a significant way. It is worth to note that when agglomeration

measures are not controlled for, the robustness of the models to a change in

grid size types is impaired.

3.5 Conclusion

Commercial properties in close proximity to train stations command a pre-

mium. Its magnitude and geographical extent differ by the level of transit

service at the station and the type of property. It is large and statistically

significant at conventional significance levels near stations where intercity

trains stop, but insignificant around stations serving only local trains. Office

firms value immediate promixity to stations more than locating at longer dis-

tances. Shops pay a premium for locations that are close to stations, but the

standard error is too large to identify the premium at immediate proximity.

For both property types, the magnitude of the station proximity premium

is larger than commonly found for housing prices, but it also declines more

rapidly with distance. Businesses assess the value of a station by its quality

as a destination station for visitors and employees (Debrezion and Willigers,

2008). At the businesses’ end of the railway trip, walking accounts for a

major share of access to and from the stations. Therefore, the rapid decline

and limited range of the commercial proximity premium is to be expected.

This paper underlines controlling for spatial heterogeneity and agglom-

eration at a fine level. Debrezion and Willigers (2008) examine office prices

in the Netherlands by employing a spatial error model and controlling for a

service quality index. At close proximity to the station, their magnitude of

effect is comparable to my estimate. However, they find a much more gradual

distance decay of the premium. I argue that their estimates capture both a di-

rect station proximity effect, as well as highly correlated circumstances, such

as the concentration of economic activity and city center amenities (some,

but not all, of which may be indirectly related to station proximity). This

argument is supported by my finding of a similar effect when not controlling
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for agglomeration and spatial fixed effects (not reported here).

A different identification approach might employ temporal variation in

accessibility to stations. Billings (2011) and Mohammad et al. (2015)) use

it to study accessibility to light-rail and metro stations, respectively. I have

tried exploring this route by analyzing price variations related to the opening

and closing of stations. During the study period, 58 stations had opened,

and 8 had closed. However, due to the scattered distribution of commercial

properties, this analysis proved fruitless. In particular, too few transactions

of properties around future stations had taken place before the stations were

built. In addition, this approach has its own pitfalls, since the location of a

new station may be highly endogenous, and prices are subject to expectation

effects.

As a last note, I study station effects that are spatial and local in nature,

and I leave aside potential non-local economic effects of station development

(see Banister and Thurstain-Goodwin, 2011, for a survey of non-local im-

pacts). Indeed, a new station may provide benefits, or be detrimental, to the

region as a whole. For instance, improved connectivity facilitates trade with

other localities, while high operation costs may burden the local economy.

However, in this paper these factors are not explored.
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3.A Agglomeration and Intercity Interaction

Table 3.7: Descriptive statistics of agglomeration indicators

Offices Shops

Variable Description Mean S.d. Mean S.d.

officearea100 Office space within 100m (BAG) 9354.22 11770.62 3379.60 7266.24

shoparea100 Shops space within 100m (BAG) 1590.37 4504.60 12162.60 12036.38

locatusarea100 Shops space within 100m (Locatus) 689.74 2175.32 5893.87 5361.42

officen100 Number of offices within 100m (BAG) 11.98 14.16 6.88 9.11

shopn100 Number of shops within 100m (BAG) 4.79 11.60 41.84 30.58

locatusn100 Number of shops within 100m (Locatus) 6.55 13.61 46.26 31.79

officearea200 Office space within 200m (BAG) 24534.31 28909.18 14911.12 22925.81

shoparea200 Shops space within 200m (BAG) 6502.69 13806.35 32883.08 30653.35

locatusarea200 Shops space within 200m (Locatus) 2835.08 6802.77 15937.68 13920.77

officen200 Number of offices within 200m (BAG) 29.06 30.48 25.05 27.41

shopn200 Number of shops within 200m (BAG) 19.32 38.26 109.17 84.12

locatusn200 Number of shops within 200m (Locatus) 25.53 47.48 126.89 95.52

Table 3.8: Agglomeration covariates estimation

Offices (1) Offices (4) Shops (1) Shops (4)

log(officearea100) 0.003 0.004∗ −0.012∗∗∗ −0.004

(0.003) (0.002) (0.004) (0.005)

log(shoparea100) −0.010∗∗∗ −0.003∗ −0.009 0.001

(0.002) (0.002) (0.010) (0.011)

log(locatusarea100) −0.007∗∗ −0.004∗∗ −0.010∗ 0.012∗

(0.003) (0.002) (0.006) (0.007)

log(officen100) 0.009 0.006 −0.019 −0.070∗∗∗

(0.009) (0.006) (0.017) (0.013)

log(shopn100) 0.009 −0.011∗∗ 0.114∗∗∗ 0.081∗∗∗

(0.008) (0.005) (0.017) (0.021)

log(locatusn100) −0.005 0.002 0.059∗∗∗ 0.039

(0.009) (0.006) (0.020) (0.027)

log(officearea200) 0.022∗∗∗ 0.007 0.014∗∗ 0.016∗∗

(0.006) (0.004) (0.007) (0.008)

log(shoparea200) −0.010∗∗∗ −0.003∗∗ 0.053∗∗∗ 0.055∗∗∗

(0.002) (0.001) (0.015) (0.018)

log(locatusarea200) −0.008∗∗∗ 0.00003 0.0003 0.036∗∗∗

(0.003) (0.002) (0.012) (0.014)

log(officen200) 0.031∗∗ −0.001 0.066∗∗∗ 0.037∗

(0.012) (0.008) (0.020) (0.020)

log(shopn200) 0.013 −0.002 −0.107∗∗ −0.080∗∗

(0.009) (0.006) (0.049) (0.040)

log(locatusn200) 0.044∗∗∗ 0.006 0.141∗∗∗ 0.078∗∗

(0.016) (0.006) (0.049) (0.039)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Table 3.9: Estimation results: interaction

Offices Shops

distance to station (m)

(reference:>2000m)

0m non-intercity 0.056 0.062

(0.059) (0.104)

intercity 0.212∗∗∗ 0.149

(0.050) (0.194)

250m non-intercity −0.001 0.080

(0.044) (0.087)

intercity 0.112∗∗∗ 0.203∗∗

(0.029) (0.081)

500m non-intercity −0.005 0.097

(0.038) (0.071)

intercity 0.060∗ 0.086

(0.033) (0.072)

1000m non-intercity −0.014 0.051

(0.034) (0.066)

intercity 0.039 0.085

(0.032) (0.086)

2000m non-intercity −0.045 −0.144∗

(0.035) (0.086)

intercity 0.004 −0.056

(0.020) (0.067)

log(officearea100) 0.005∗ −0.004

(0.002) (0.005)

log(shoparea100) −0.003∗ 0.001

(0.002) (0.011)

log(locatusarea100) −0.004∗∗ 0.012∗

(0.002) (0.007)

log(officen100) 0.005 −0.070∗∗∗

(0.006) (0.013)

log(shopn100) −0.010∗∗ 0.081∗∗∗

(0.005) (0.020)

log(locatusn100) 0.001 0.039

(0.006) (0.026)

log(officearea200) 0.007 0.016∗∗

(0.004) (0.008)

log(shoparea200) −0.003∗ 0.055∗∗∗

(0.001) (0.018)

log(locatusarea200) 0.0001 0.035∗∗∗

(0.002) (0.014)

log(officen200) −0.002 0.037∗

(0.008) (0.020)

log(shopn200) −0.002 −0.080∗∗

(0.006) (0.040)

log(locatusn200) 0.005 0.078∗∗

(0.006) (0.038)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01



Chapter 4

Unemployment Duration and

Urbanization16

4.1 Introduction

Is finding a job easier in highly urbanized regions than in rural ones? Histor-

ical and contemporary waves of migration from countryside to cities suggest

that in certain times and places that may have been the case. It is intuitive

to assume that in regions with high densities of population and economic ac-

tivity one finds more job openings, more frequent opportunities to form social

and professional networks, shorter travel distances to recruiting firms, as well

as higher opportunity costs of staying unemployed. However, there are other

factors that facilitate job search in sparsely populated regions. There, a job

seeker may face little competition from other job seekers, little traffic con-

gestion to potential employers, and may be more flexible regarding the job

offers that are deemed acceptable. These externalities interact to produce

a complex equilibrium, in which scale effects in matching are ambiguous a

priori (Di Addario, 2011).

In the basic job search model, unemployment duration is a function of the

arrival rate of job offers and the probability that the offer is accepted. As just

16This chapter is based on joint work with Jan Möhlmann (CPB Netherlands Bureau
for Economic Policy Analysis) and Jan Rouwendal (Department of Spatial Economics, VU
Amsterdam).
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noted, it may be easier to find vacancies in urban regions, due to a greater

concentration of economic activity. Owing to agglomeration advantages, ur-

ban regions are also likely to exhibit a higher mean wage distribution of job

offers. Through these channels, unemployment duration can be shorter in

urban regions. However, these same channels can work in the opposite di-

rection. Higher wages should be expected to increase the urban job seeker’s

reservation wage, the wage level above which a job offer is accepted, render-

ing more job offers unacceptable. The density of economic activity is likely to

have attracted a larger labor force, implying more competition for vacancies,

and lowering the chance of receiving a job offer.17

Petrongolo and Pissarides (2006) explore these counteracting effects the-

oretically and empirically in a framework in which increasing returns to scale

in the wage distribution and in the offer arrival rate can coexist with nearly

constant returns in aggregate job matching. Their model further implies

that variables influencing the wage distribution, such as external effects of

agglomeration on productivity, mainly influence post-unemployment wages.

Variables that affect the job offer arrival rate, such as labor market tight-

ness (the ratio of vacancies to job seekers), primarily affect the duration of

unemployment.

The literature suggests that the arrival rate of job offers is positively re-

lated to population density. Sato and Zenou (2015) predict that residents in

highly urbanized areas engage in a wider range of social interactions, which

facilitate the spread of information regarding job opportunities. Abel and

Deitz (2015) present evidence that larger labor markets increase the likeli-

hood that the unemployed receives and accepts a job offer that matches her

particular set of skills. Therefore, increasing returns to scale are a common

assumption in labor market research.

However, empirical studies tend to find constant returns to scale in ag-

gregate job matching data (see Petrongolo and Pissarides, 2001, for a sur-

vey). The literature has proposed several models to address this discrepancy

between assumptions and findings. In Petrongolo and Pissarides (2006), in-

17See Table A1 in Di Addario (2011) for a comprehensive list of these agglomeration
factors and their effect on labor market dynamics.
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creasing returns to scale exist in the distribution of offered wages, but not

in the job offer arrival rate. As a result, reservation wages increase to offset

any scale effects in the rates of leaving unemployment, and matching exhibits

constant returns to scale. Gautier and Teulings (2009) suggest that spatial

sorting of job-seekers and firms according to skill levels masks scale effects

in empirical studies that do not address this bias. We test this hypothesis

empirically.

In this paper we contribute to the literature by analyzing unemployment

durations in the Netherlands, while addressing sorting and time-invariant

unobserved individual idiosyncrasies. We look for returns to scale in job

search by estimating proportional hazard models on spells of unemployment

benefits. We have access to flow data on all spells of unemployment benefits

that started in the period 1999–2005. Besides the start date and the duration

of the spells, we also know the reason for ending the unemployment benefits.

In most cases, unemployment spells end because the unemployed finds a new

job or because the maximum duration for receiving unemployment benefits

has been reached. The maximum duration depends on the work history of

the unemployed. In the duration models we estimate, all spells that ended

for a reason other than finding a new job have been censored at the end date.

The first part of the analysis includes all spells of unemployment benefits.

The duration model estimates the probability of finding a job after a certain

duration, given the elapsed time in the state of unemployment. Control vari-

ables include the age and gender of the unemployed and dummy variables

that indicate whether the unemployed was born in the Netherlands, has a

partner, and has one or more children. We control for labor market cycles

by including the year in which the spell takes place. We use the regional

population density as a proxy for the urbanization level that characterizes

the local labor market. The results of the duration model show a strong neg-

ative relationship between the probability of leaving unemployment and the

level of urbanization. The probability of leaving unemployment is 3.6 percent

lower when population density is doubled. In addition, we find a negative

coefficient for age, being born in a foreign country, females, having a partner

and having one or more children. These results suggest that urbanization
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increases unemployment durations, but we note that they are attained with-

out controlling for possible differences in other, unobserved, characteristics

of the pool of job-seekers across local labor markets.

We address this important concern in the second part of the analysis,

where we employ strategies to diminish the potential bias brought about

by sorting effects. If people with a lower probability of finding a job sort

themselves into urbanized regions, this could explain the above result. Other

studies have tried to avoid this problem in different ways. For instance, Di

Addario (2011) argues that the very low mobility of labor across regions

in Italy decreases the econometric problem of spatial sorting. Nevertheless,

the composition of the labor force may differ across regions. Because the

regional labor markets in the Netherlands are not as separated as in Italy,

labor mobility does take place. This complicates the estimation of localized

effects on the job search outcomes (see Combes and Gobillon, 2015, for a

discussion of spatial sorting in agglomeration studies).

For illustration, assume that leisure-loving individuals are more attracted

to urban amenities. Assume further that they have lower chances of finding

a job, compared to hard-working individuals. If the formers’ tendency to

locate in cities is not taken into account, the estimated effect of urbanization

on the likelihood to find a job would be downwards biased and consist of the

real urbanization effect and the negative leisure-loving effect.

In order to tackle the sorting bias, we employ a stratified duration model

that includes individual fixed effects. The difference in the search outcomes

between two spells of the same individual can be attributed to changes in the

job search conditions, such as population density. In order to influence the

estimate of the population density coefficient, an individual must be observed

as unemployed under various population density conditions. This approach

also allows us to eliminate biases resulting from unobserved variables, like

the level of education and skills. This strategy resolves sorting bias if the

unobserved variable, which affects both the decision to locate and the labor

market outcomes, affects the latter in the same manner in all population

density conditions. In the example given above, being hardworking should

influence job search in rural and urban regions equally. Using a stratified



4.2. EMPIRICAL MODEL 61

model, we find a 3.1 percent positive effect of a doubling of density on the

exit rate from unemployment.

Lastly, Combes and Gobillon (2015) point to a surprising lack of empiri-

cal literature on the impact of agglomeration on unemployment, particularly

in a European context. Petrongolo and Pissarides (2006) study labor market

scale effects in the United Kingdom, and find scale effects only in the Lon-

don outlier. Therefore, they recommend further research in countries with

more than one dominant labor market. Di Addario (2011) studies such a

labor market using Italian data on individual job search behavior. She finds

that market size, proxied by population level, generally raises the job seek-

ers’ likelihood of finding a job, with the exception of the three largest urban

agglomerations, where this effect is absent. The Netherlands is much smaller

than either the United Kingdom or Italy, and it is much more densely pop-

ulated. There are substantial differences in the density of economic activity

between the core region — the Randstad — and, for instance, the mostly ru-

ral northeastern part of the country. Although cross-commuting is common

between neighboring municipalities, there is a strong distance decay effect in

commutes and the country can be divided to 40 labor markets.18

This paper is organized as follows. Section 4.2 discusses the model on

which we base our empirical results. Section 4.3 describes the data. Sec-

tion 4.4 presents the results. Section 4.5 discusses the results and concludes.

4.2 Empirical Model

The workhorse of unemployment duration analysis is the mixed proportional

hazard model (see Van den Berg, 2001). This model concentrates on the

hazard rate out of unemployment θ(t), which is the chance of leaving the

state of unemployment between time t and t + dt, given that the job-seeker

is still unemployed at time t. In the mixed proportional hazard model, the

18Note also that the Randstad cannot be considered to be a single metropolitan labor
market because it consists of a number of different cores surrounding an area of preserved
open space (the so-called green heart). These cores are also separated by ’buffer zones’
consisting of nature and open agricultural space.
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hazard rate involves three components:

1. a baseline hazard ψs(t) that describes the development of the hazard

over time t,

2. a set of (observed) covariates Xi(t) that shift the baseline hazard in a

multiplicative way, and

3. a random variable ui that reflects stationary unobserved (to the re-

searchers) characteristics of the unemployed individual, and that shifts

the hazard in the same way the observed characteristics do.

The hazard rate is then written as:

θi,s(t) = ψs(t)e
Xi(t)β+ui . (4.1)

This equation gives the hazard rate of leaving unemployment for indi-

vidual i in labour market s at elapsed duration t. In this formulation, the

baseline hazard, which does not depend on individual characteristics, is mul-

tiplied by the term eXi(t)β+ui , hence the name proportional hazard model.

Since the term ui is unknown to the researcher, it is included as a random

variable. Models that deal with heterogeneity in this way are known in

statistics as mixture models.

The actual hazard of leaving unemployment depends on the behavioral

characteristics of the unemployed job seeker, such as his intensity of search

and his willingness to accept jobs with a low wage or other unattractive prop-

erties. It also depends on the environment in which the worker is looking

for a job. When the unemployment level is low, it may be easy to locate

vacancies and the competition from other job seekers is limited; when un-

employment is high it may be difficult to receive a job offer even if many

applications are made. Some local labor markets may be better than others

because they are better in matching job seekers to vacancies. The density

of workers and jobs may have such an impact and it could be an important

reason for spatial differences in hazard rates.
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The model allows for interaction between the behavior of the job seeker

and the conditions under which he is searching. For instance, if it is easy

to get a job offer, the job seeker may be more selective than when it is

difficult. The strategy of a job seeker can, under particular assumptions, be

summarized as a ’reservation wage’ strategy in which the first offer of a job

above a particular minimum level of conditions (hourly wage, working times,

commuting distance) is accepted. The value of the reservation wage depends

on the circumstances in which the search takes place. For instance, if the

wage offer distribution has a higher mean in a dense region, the job seeker may

become more picky and increase the reservation wage. The general trade-

off is between a longer unemployment spell and accepting a job with less

favorable conditions. We interpret the model as a reduced form specification

of a model in which this trade-off is exploited by job seekers.

The formulation of the mixed proportional hazard model that we intro-

duce in Equation (4.1) includes the local labor market conditions in the

baseline hazard and the individual characteristics in the proportional adjust-

ment. This implies that individual characteristics have a similar impact on

the hazard rate in all local labor markets. For instance, if the highly educated

are in a better position in one region, the same holds in all other regions.

Similarly, if being a member of a minority group is disadvantageous for find-

ing a new job in rural areas, this is also the case in urban areas. In many

cases, this appears to be a reasonable assumption, but it is not completely

innocuous.19

To study the difference between the local labor markets we make the

following assumption on the baseline hazard:

ψs(t) = eαsψ′(t), (4.2)

where the coefficient αs reflects characteristics specifically related to the local

labor market in which job search takes place. We specify αs in reduced form,

19The separability of the impact of the local labor market conditions and the individual
characteristics in (4.1) does not contradict the interaction between search behavior and
local circumstances. The coefficients to be estimated incorporate the behavioral response
to the local circumstances.
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in the sense that the scale of the labor market is proxied by one variable: the

average population density in the local labor market. Thus, the estimated

effect is a composition of the number of vacancies, the size of the job-seekers

pool and potential efficiency gains due to the scale of the labor market.

The assumption in (4.2) implies that the baseline hazard starts at a dif-

ferent level in different labor markets, but then develops similarly over time.

The impact of local circumstances is thus similar to that of individual char-

acteristics in that it causes a proportional shift in the baseline hazard. Put

differently, the implication of searching in a more favorable labor market is

comparable to that of having more favorable individual characteristics.

This raises the issue of whether we can distinguish between the impact of

a population with more favorable characteristics and that of a better labor

market. This is of particular importance since it is well known that indi-

viduals sort over space. Without taking sorting into account, estimates of

a local effect on unemployment duration may include both the ”true” effect

and the effects of any unobserved characteristic which affects unemployment

duration and the tendency to move to a certain locality. For example, if those

who tend to search less intensely also tend to locate into large cities (both

tendencies are unobserved), the effect of large cities on the exit rates out

of unemployment will be negatively-biased. To be able to properly measure

the impact of local labor markets, we must control for such sorting effects.

To the extent that sorting occurs on observed characteristics, our model is

able to do the job as long as the segregation is not complete and individu-

als with a given set of characteristics are present in various labor markets.

However, the important issue is that populations in different labor markets

may systematically differ in characteristics that we do not observe, hence we

pay special attention to this situation.

We isolate the effect of the local labor market from sorting by utilizing

observations of multiple unemployment spells per individual. Consider an

individual who experiences two unemployment spells. We denote their dura-

tions as T1 and T2 and the values which the observed covariates take for the

duration of the spell as Xi1 and Xi2, respectively. These covariates may differ

between the spells; for instance, the age of the job seeker is different in each
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subsequent spell. Moreover, we allow the local labor market in which the

unemployment spell takes place to differ, using the notation s1 and s2. How-

ever, the unobserved heterogeneity term ui is a time-invariant characteristic

(an individual or ’fixed’ effect) of the worker.

We can now use the fact that the log of the integrated baseline hazard is

Extreme Value Type I (EV I) distributed (see, for instance, Van den Berg,

2001) to write the difference of the logs of the integrated hazards of two spells

observed for the same individual as:20

ln

∫ T1

0

ψ′(t)dt− ln

∫ T2

0

ψ′(t)dt =− αs1 −Xi2β − ui + ε1

+ αs2 +Xi1β + ui − ε2
= (αs2 − αs1) + (Xi2 −Xi1)β + (ε1 − ε2). (4.3)

In this equation the ε’s are EV I distributed random variables. The important

point to notice is that the unobserved heterogeneity term ui cancels from the

equation.

Consider the probability that the duration of the first unemployment

spell exceeds that of the second. In such case, the left-hand side of (4.3)

is positive. The right-hand side is thus positive and this condition can be

reformulated as an inequality condition on the difference ε1 − ε2, which is

logistically distributed. Therefore, the probability that the condition is valid

can be written as a closed form (logit) expression. This is used by the strat-

ified partial likelihood method to estimate the parameters α and β.

The great advantage of this method is that the unobserved heterogeneity

term ui plays no role in the estimation, in a similar way to how ’fixed effects’

play no role in a linear regression model with panel data. It is this property

that allows us to identify the local labor market parameters α in the presence

of all kinds of sorting of workers among local labor markets. See, for instance,

Van den Berg (2001) or Ridder and Tunalı (1999) for further discussion.21

20To derive (4.3) start by writing ln
∫ T1

0
θi,s1(t)dt − ln

∫ T2

0
θi,s2(t)dt = ε1 − ε2 with ε1

and ε2 EV I distributed random variables. Then substitute (4.1) and (4.2) and rearrange
terms.

21Note that the model allows the baseline hazards to differ between the strata (individ-
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In our application, each individual is considered as a separate stratum.

The estimates of the parameters are determined only by observations for

which the local labor markets (for the α’s) or the individual characteristics

(for the β’s) differ across different unemployment spells. This happens only

in a minority of observations, but we have a sufficiently large dataset to be

able to derive reliable estimates of the local labor market effects.

Table 4.1: Moves from one COROP region to another

To density level

From density level Low Medium High

Low 3,828 1,529 1,687
Medium 1,627 1,614 1,578
High 2,147 1,492 2,963

Note: The COROP regions are aggregated by the same categorization of density used in
Figure 4.2.

A potential source of criticism is our reliance on movers for estimating the

urbanization effect in the stratified specification. Implicitly, we assume that

the decision to move and location choice are exogenous in the model. How-

ever, there may be a bias if location is correlated with the error, after control-

ling for the individual’s observed characteristics, unobserved time-invariant

characteristics, and local population density. Combes et al. (2008) address

this issue in the context of wage disparities, and their arguments are valid

here too. The decision to move is often based on long-term considerations,

mainly by factors unrelated to job search prospects (see Kantor et al., 2015).

Furthermore, the change in the level of urbanization experienced by a mover

is rather evenly distributed, as demonstrated in Table 4.1. We therefore have

a fairly good representation of all types of moves.

4.3 Data

All micro-data used in this study are provided by Statistics Netherlands.

From these data we derive the labor states occupied by the entire population

uals). That is, the function ψ′(t) in (4.2) may be individual-specific.
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of the Netherlands between 1999 and 2005. In the Netherlands, unemploy-

ment benefits are offered to individuals who actively search for a job following

a full or partial loss of employment. The duration of entitlement is deter-

mined by the time-span of employment prior to becoming unemployed, and,

during the study period, was capped at five years. The level of unemployment

benefits is determined by the wage received prior to unemployment.

We define unemployment spells as periods in which an individual receives

unemployment benefits, while not being listed as employed. This definition

excludes periods in which part-time workers were looking for a second job. An

unemployment spell that begins 30 days or less after the end of the previous

spell is regarded as a continuation of the earlier spell. Only spells that start

during the study period are included in the analysis.

All spells that do not end in employment are treated as censored. We

assume that an unemployment spell ends in employment if the individual

enters a period of employment within 30 days after the end of the unemploy-

ment spell. There are 1,006,026 uncensored spells, with a mean duration of

126 days. There are 631,438 censored spells, with a mean duration of 343

days.

The level of urbanization, our main explanatory variable, is proxied by the

average population density (the ratio of population to land area) in 2005 in

the region in which the job seeker lives at the beginning of the unemployment

spell. We use the natural logarithm of this density in the analysis. The

geographical units are COROP regions, which correspond to the EU’s NUTS-

3 regional subdivision units of the Netherlands. These regions provide the

most reasonable approximation of regional classification of local labor market

areas in the Netherlands (Groot et al., 2014). There are 40 COROP regions

in the Netherlands, and all are represented in our sample.

Panel (a) of Figure 4.1 shows the COROP regions shaded according to

their mean population density in 2005. Panel (b) shows the mean unem-

ployment duration in each COROP according to our data. The average

unemployment duration in highly urbanized regions, such as those surround-

ings the five largest cities (indicated on the map), is 11–28 days longer than

the national average.
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(a) People per km2, 2005 (b) Mean unemployment duration

Figure 4.1: Dutch COROP regions

Table 4.2: Descriptive statistics of unemployment spells

Variable Mean Std. Dev.
Duration (days) 209.46 305.90
population density 796.96 665.23
ln(pop. dens.) 6.44 0.77
n 1.56 0.99
N 2.12 1.44
partner 0.61
children 0.41
female 0.43
foreign 0.19
age

18-29 0.29
30-39 0.31
40-49 0.22
50 0.17

year
1999 0.10
2000 0.10
2001 0.11
2002 0.14
2003 0.19
2004 0.20
2005 0.16
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We control for economic cyclical effects by controlling for the year in

which the spell takes place. This covariate can change in the midst of a spell.

Other control variables are the following: n indicates the ordinal number of

the spell within the chronology of the individual’s spells since the start of

our data (1999); N indicates the number of the individual’s observed spells;

binary variables partner and children indicate the presence of a partner and

children, respectively, in the household at the beginning of the spell; binary

female indicates that the individual is female; binary foreign indicates that

the individual was born outside the Netherlands; and age is categorically

divided to four groups and is allowed to change during a spell if an individual

crosses the age category boundary. Table 4.2 provides descriptive statistics

of the covariates.

High
density

Medium density

Low density

Days

Figure 4.2: Exit rate by days of unemployment
Note: Low density: 147–355 people per km2, medium density: 355–840 people per km2,
and high density: 840–3100 people per km2

Figure 4.2 presents a nonparametric estimation of the hazard rate out of

unemployment. The full sample of spells is divided into three equally sized

categories according to the COROP population density at the spell start date.

Low density COROPS are defined as having 147–355 people per km2, medium

density as 355–840 people per km2, and high density as 840–3100 people per

km2. The diagram suggests that during the first year of unemployment,
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individuals living in low density regions are about 10 percent more likely

on average to exit unemployment than individuals living in medium density

areas. Those living in highly urbanized regions are about 10 percent less

likely to find a job than those living in medium density areas.

In the stratified estimation strategy, outlined in the previous section, only

individuals who were observed as unemployed under different urbanization

settings contribute to the estimation of the urbanization effect. We have a

reasonably sized subsample of such individuals, as demonstrated in Table

4.1, which shows the number of moves from one COROP to another.

4.4 Results

The effect of urbanization on the hazard out of unemployment is explored

by estimating four Cox proportional hazard models. Model 1 explores the

effect on the whole population. Model 2 is stratified, allowing the baseline

hazard curve to differ across job seekers. In Model 3 we take a subsample of

unemployment spells incurred by job seekers that exhibit variation in their

characteristics across spells. In Model 4 we further limit this subsample to

individuals who were observed in different COROP regions. In the tradi-

tional Cox models, Models 1, 3 and 4, the standard errors are clustered by

individuals. The coefficient estimates of Models 1 and 2 are given as hazard

ratios in Table 4.3. The results of Models 3 and 4 are similarly given in Table

4.4.

In Model 1, we find that a 100 percent increase in COROP population

density is associated with a decrease of 3.6 percent (0.949ln(2)−1) in the haz-

ard out of unemployment. This effect is statistically significant at a 1% level.

Having a partner has a negligible negative effect, and having children, being

a female and having been born outside of the country all have significant

negative effects, the latter reducing the hazard out of unemployment by 25.9

percent. The hazard greatly decreases with age, implying that older individ-

uals incur longer unemployment spells. This may well be the result of their

longer entitlement to unemployment benefits, considering their potentially

longer employment history.
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Table 4.3: Effects on hazard rate out of unemployment

Model 1: Model 2:
Näıve Stratified

ln(COROP pop. dens.)
0.949∗∗∗ 1.045∗∗∗

(0.001) (0.016)

partner
0.992∗∗∗

(0.003)

children
0.923∗∗∗

(0.002)

female
0.894∗∗∗

(0.002)

foreign
0.741∗∗∗

(0.002)
age (base 18–29)

30–39
0.717∗∗∗ 1.003

(0.002) (0.012)

40–49
0.615∗∗∗ 1.041∗∗

(0.002) (0.020)

50+
0.299∗∗∗ 1.020

(0.001) (0.027)
year (base 1999)

2000
1.023∗∗∗ 1.020∗∗

(0.005) (0.010)

2001
0.972∗∗∗ 1.102∗∗∗

(0.005) (0.011)

2002
0.848∗∗∗ 0.924∗∗∗

(0.004) (0.010)

2003
0.774∗∗∗ 0.754∗∗∗

(0.004) (0.009)

2004
0.866∗∗∗ 0.769∗∗∗

(0.004) (0.011)

2005
0.951∗∗∗ 0.834∗∗∗

(0.005) (0.013)

N
1.278∗∗∗

(0.002)

n
0.807∗∗∗ 0.801∗∗∗

(0.001) (0.003)

Stratified by individual No Yes
Number of spells 1,635,572 1,194,046

Standard errors are given in parenthesis. Significance levels : * 10%, ** 5%, *** 1%.
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We find strong and significant yearly effects, suggesting an increase in

the hazard rate between 1999 and 2000, then a gradual decrease until 2003,

following by a gradual increase until 2005. The number of spells affects the

hazard in a rather complex manner. The individual’s hazard rate is 27.8

percent higher per observed spell, but every consecutive spell is associated

with a 19.3 percent lower hazard than the spell that precedes it. For example,

the hazard rate during the first spell of a job seeker with two spells is 27.8

percent higher than the hazard of a comparable job seeker with only one

observed spell. But the hazard rate during the second spell is only 3.1 percent

higher (= 1.278× 0.807) than the hazard of the single-spell job-seeker.

A different picture arises from Model 2, in which we allow the baseline

hazard to differ across individuals. This partial-likelihood estimation uses in-

formation only from individuals with variation in the covariate values during

or between spells. Model 2 addresses bias that may plague Model 1 due to

unobserved time invariant effects, and in particular spatial sorting that may

influence the estimation of the population density effect. Therefore, Model

2 is our preferred model for inference about this effect.

We find a significant positive effect of population density on the hazard

out of unemployment. A doubling of population density is now associated

with a 3.1 percent increase in hazard rate. The effect of age nearly disappears,

and we even find a positive effect of being in the 40–49 age group on the

hazard rate. There is now a gradual increase in hazard rate from 1999 to

2001, followed by a similar trend to that estimated in Model 1. The effect of

the ordinal spell number is similar to that estimated in Model 1.

The stratified model takes advantage of within-individual variation in

covariate values across spells. As a result, only spells of individuals for whom

such variation is observed are used in the stratified model. In Model 3, we

run the non-stratified model on this subsample and compare the results to

Model 1, in order to test whether this subsample is representative of the whole

population. With the exception of year dummies, the estimated effects of the

control variables do not differ substantially from those estimated in Model

1. However, the effect of population density is significantly more negative,

and a doubling of density is associated with a 4.4 percent decrease in the
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Table 4.4: Hazard rate estimation: Subsamples with within-individual vari-
ation

Model 3 Model 4
Within-individual variation of any

variable
of COROP
pop. dens.

ln(COROP pop. dens.)
0.937∗∗∗ 0.994

(0.002) (0.007)

partner
0.963∗∗∗ 1.007

(0.003) (0.012)

children
0.933∗∗∗ 0.816∗∗∗

(0.003) (0.012)

female
0.896∗∗∗ 0.939∗∗∗

(0.003) (0.012)

foreign
0.799∗∗∗ 0.879∗∗∗

(0.003) (0.014)
age (base 18–29)

30–39
0.717∗∗∗ 0.759∗∗∗

(0.003) (0.010)

40–49
0.616∗∗∗ 0.656∗∗∗

(0.003) (0.012)

50+
0.320∗∗∗ 0.445∗∗∗

(0.002) (0.012)
year (base 1999)

2000
1.236∗∗∗ 1.074∗∗∗

(0.008) (0.027)

2001
1.206∗∗∗ 1.105∗∗∗

(0.008) (0.027)

2002
1.068∗∗∗ 0.945∗∗

(0.007) (0.024)

2003
0.998 0.916∗∗∗

(0.007) (0.024)

2004
1.185∗∗∗ 1.048∗

(0.008) (0.029)

2005
1.618∗∗∗ 1.176∗∗∗

(0.012) (0.037)

N
1.453∗∗∗ 1.272∗∗∗

(0.003) (0.010)

n
0.758∗∗∗ 0.790∗∗∗

(0.002) (0.008)

Stratified by individual No No
Number of spells 1,194,046 49,745

Note: Standard errors are given in parenthesis. Significance levels : * 10%, ** 5%, ***
1%.
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hazard rate. These findings suggest that individuals with multiple spells,

those whose spells we use in the stratified estimation, are not inherently

different from the general population.

In Model 4 we perform a similar comparison, taking a subsample of indi-

viduals whose data the stratified model uses in the estimation of the urban-

ization effect. That is, those individuals who were observed in at least two

different COROP regions. The size of this subsample is only 3 percent of that

used in Model 1. Notwithstanding this small size, we find that the effects

of population density and the independent control variables are significantly

different from that estimated in Model 1 (with the exception of partner, for

which the equality hypothesis cannot be rejected). In Model 4, the effect of

population density on the hazard rate all but disappears.

The effect of urbanization in Model 2 is estimated using information about

job seekers who were observed repeatedly in different COROP regions. If

such ”movers” have inherently different job search outcomes than the gen-

eral population, the result may be biased by sample selection. Such selection

effects can be expected if moving to a different region does not occur ran-

domly. Comparison of the results of the non-stratified Model 4, which uses

the ”movers” subsample, with those of Model 1 is in line with this conjecture.

Nevertheless, the significantly larger effect of density in model 2 confirms the

finding that density has a positive impact on the hazard rate of leaving unem-

ployment, although approximately 50 percent of the difference in the impact

of density between Model 1 and Model 2 now appears to be attributable to

selection effects. Still, the difference between Models 4 and 2 is statistically

significant and economically meaningful.

The effect of urbanization in the long-run may be greatly influenced by

local social and professional networks that individuals develop over time.

These networks are particularly useful when an individual becomes a job

seeker (Sato and Zenou, 2015). In order to isolate the effect of the density

of economic activity from those network effects, we estimate the four models

described above on spells (or parts thereof) that have taken place within

three years after a move into a new municipality, in which the individual

had never lived before. Table 4.5 lists the estimates of the COROP density
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covariate.

Table 4.5: Estimates of ln(COROP pop. dens.) effect within three years
after a move

Model 1’ Model 2’ Model 3’ Model 4’

ln(COROP pop. dens.)
0.957∗∗∗ 1.011 0.938∗∗∗ 0.993

(0.009) (0.029) (0.012) (0.029)

Standard errors are given in parenthesis. Significance levels : * 10%, ** 5%, *** 1%.

The estimates of the time-restricted Models 1’–4’ are similar in sign and

magnitude to those of Models 1–4. However, in the stratified Model 2’ the

standard error is twice as large as in Model 2. Hence, the hypothesis that

the effect of density in Model 2’ is the same as in Models 1 or 2 cannot be

rejected.

4.5 Conclusion

In this paper we have explored the effects of agglomeration on unemployment

duration. We have used a rich dataset of all Dutch individuals who became

unemployed between 1999 and 2005. First, we have applied a standard Cox

partial likelihood model to find a considerable negative effect of population

density on the chance of leaving the state of unemployment. This model

suggests that it takes longer to achieve a successful match between job seeker

and employer in highly urbanized Dutch labor markets than in more rural

regions. It appears that this effect is manifested in job search outcomes

relatively shortly after a move, rather than arising from network effects.

Since we were concerned that this effect is largely driven by sorting bias,

we have employed stratification by individual, thereby eliminating the influ-

ence of time-invariant characteristics of the job seeker. The results of the

stratified Model 2 contradict the findings of the straightforward Cox model,

as well as those of Models 3 and 4 that use a subsample. It is found that

individuals who experienced several unemployment spells, each while living

in a different region, tend to find a job more quickly in the more urbanized

region. Since moving from one region to another is not a random process, a

different concern is that the result of Model 2 is due to selection. Model 4
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confirms that movers differ from others in a systematic way, but its compar-

ison to Model 2 shows that a substantial positive effect of density remains if

we control for sorting within the group of movers, thereby reducing possible

selection effects.

The interpretation of our results has important implications to our view of

Dutch urbanized regions. From aggregate data, as well as from the standard

Cox model, it appears that urbanized regions are characterized by longer un-

employment spells. Yet, this association is mostly driven by sorting. In other

words, those who live in highly urbanized regions for some unobserved rea-

son, are also likely to have longer unemployment spells. Therefore, policies

that rely on those simpler methods might favor population decentralization

in order to improve labor market outcomes. Such policies may end up coun-

terproductive.

It is important to note that the results of Models 1 and 3 do not necessarily

imply that dense labor markets are flawed or have fewer job offers available

than in rural ones. As suggested in Section 4.1, the reservation wage in cities

may be set high enough to offset the effect of higher wage offers or increased

job offer arrival rate on matching. However, Petrongolo and Pissarides (2006)

point out that reservation wage effects should mostly be observed in post-

unemployment wages, rather than in hazard out of unemployment. Our

findings support the hypothesis of Gautier and Teulings (2009), according

to which spatial sorting prevents increasing returns in search from showing

up in empirical analyses not addressing this bias. Accordingly, sorting bias

is our preferred explanation to the results of Model 1. Further research

may deconstruct the labor market outcomes to unemployment duration and

wages in a similar fashion to that of Petrongolo and Pissarides (2006), but

with careful attention to sorting.



Chapter 5

Homeownership, Mortgages,

and Unemployment22

5.1 Introduction

The relationship between homeownership and unemployment is an intriguing

one. According to Oswald’s thesis (see Oswald, 1996, 1997, 2009), there is a

positive correlation between the two: a ten percentage points increase in the

share of homeowners is associated with a two percentage points increase in

unemployment. Recently, Blanchflower and Oswald (2013) have reconsidered

the thesis. They argue that

rises in the homeownership rate in a U.S. state are a precursor to

eventual sharp rises in unemployment in that state. The elasticity

exceeds unity: a doubling of the rate of home-ownership in a U.S.

state is followed in the long-run by more than a doubling of the

later unemployment rate.

In the remainder of their paper the authors discuss a number of possible

causal mechanisms behind the correlation they observe, that need further

22This chapter is based on joint work with Jan Möhlmann (CPB Netherlands Bureau
for Economic Policy Analysis), Peter Nijkamp (Tinbergen Institute Amsterdam) and Jan
Rouwendal (Department of Spatial Economics, VU Amsterdam). It has been published as
Kantor, Y., Möhlmann, J., Nijkamp, P., Rouwendal, J., 2015. Homeownership, mortgages,
and unemployment. Letters in Spatial and Resource Sciences 8(3), 253–265.
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investigation. The connection between homeownership and unemployment

is policy-relevant, as in many countries homeownership is encouraged (for

instance, by the tax deductibility of mortgage interest payments). Thus

Oswald’s thesis prompts questions of both a policy and a research nature,

as is also witnessed in studies by Coulson and Fisher (2009) and Green and

Hendershott (2001).

In this paper we examine some of the possible causal mechanisms be-

hind the apparently substantial impact of homeownership on labor market

outcomes. The next section discusses some issues associated with the inter-

pretation of existing empirical evidence. In Section 5.3 we present a model in

which housing tenure and mortgage payments interact with unemployment.

In our model, the higher exit rates from unemployment of searchers with

high housing costs are related to decreasing absolute risk aversion, which is

widely believed to be a realistic property of human behavior under risk. The

results of an empirical estimation of the model on the basis of Dutch data

are reported in Section 5.4, and Section 5.5 concludes.

5.2 Unemployment and Residential Mobility

An apparently plausible mechanism that potentially explains Oswald’s thesis

is that homeownership decreases the possibility of workers to react to shocks

through its impact on the costs of residential mobility. Homeowners are likely

to be more reluctant to move to other regions in response to changing labor

markets, because of higher moving costs. For example, in the Netherlands

buyers of real estate have to pay a transaction tax, which is currently two

percent. Since a large share of the rental market in the Netherlands is subsi-

dized social housing, this may lead to substantial transaction costs of moving

for renters as well.

Examples of such transaction costs are waiting times or the loss of sub-

sidy by moving out of social housing to the private rental market. A number

of microeconometric studies have confirmed that residential mobility related

to job search of unemployed workers is lower among homeowners. However,

these studies also found exactly the opposite of Oswald’s thesis: homeown-
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ers tend to find a job faster than otherwise comparable tenants after they

become unemployed (Munch et al., 2006, for Denmark; Battu et al., 2008,

for the UK; Van Vuuren, 2007, for the Netherlands). The explanation of

this finding is that homeowners more often accept a job on the local labor

market than tenants do, whereas the reverse is true on the national labor

market. The latter effect is in accordance with Oswald’s thesis. However,

the former effect dominates, as a common finding of the empirical work is

that residential mobility related to job mobility is very limited. For instance,

Munch et al. (2006) report that only 1.2 per cent of the unemployment spells

in their Danish data end with employment in a distant labor market. The

low rates of residential mobility challenge any attempt to explain the corre-

lation between homeownership and unemployment on the basis of differences

between tenants and owners in their propensity to accept a non-local job.

At least in European countries, residential mobility associated with finding

a new job is simply too uncommon to make a large difference in regional or

national unemployment rates (see also Van den Berg and Gorter, 1997; Van

Ommeren et al., 1999).

Another implication of higher transaction costs of moving is that it re-

duces the ability to absorb negative income shocks by reducing housing costs.

If transaction costs restrict the ability to reduce housing costs, a decrease in

income would be fully translated into non-housing consumption. In this case

the income reduction would cause a higher fall in utility. Chetty and Szeidl

(2007) discuss how consumption commitments such as owning a house can

impact risk aversion. The impact of this on search behavior can be an alter-

native explanation for the higher exit rate of homeowners. However, since

empirical studies show that residential mobility during unemployment is very

low, our model does not take into account differences in transaction costs of

moving between homeowners and renters.

The empirical result that homeowners have higher exit rates from unem-

ployment cannot be explained by standard job search models. These models

predict that a tighter constraint on residential mobility, such as higher mov-

ing costs, should decrease the overall exit rate, because such constraints will

only partially be compensated by more intensive search on the local market,
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a lower reservation wage, or acceptance of longer commutes. They thus ex-

plain the observed higher exit rates of homeowners on the local labor market,

but contradict the higher overall exit rate that is also present in the data, as

pointed out by Van Vuuren (2007). The higher overall exit rate of homeown-

ers can be explained by extending the model in such a way that homeowners

differ from tenants in other ways than just by the costs of residential mobility.

Following this line of thought, Van Vuuren (2007) developed a non-stationary

search model to reconcile theory with the empirical facts. In his model, long

unemployment durations imply the risk of being forced to sell the house.

This does not, of course, exclude the possibility that there are other po-

tentially important links between the housing and the labor markets. For

example, an alternative possibility to reconcile the theory with the empiri-

cal facts was suggested by Rouwendal and Nijkamp (2010), who developed

a model in which search intensity depends on the net income after housing

costs. This model is consistent with higher exit rates from unemployment

among homeowners, if their out-of-pocket housing costs are higher than that

of otherwise comparable tenants. The authors show this to be the case for

the Netherlands, but do not provide an analysis of unemployment durations.

Earlier, Flatau et al. (2003) presented empirical work for Australia that sug-

gested that mortgage payments could provide important incentives for job

search. In particular, they showed that highly leveraged male workers were

more likely to find a job soon after becoming unemployed than outright own-

ers. In the next section we formulate an alternative version of the model of

Rouwendal and Nijkamp (2010) that links the impact of housing costs on

unemployment duration to risk attitude.

5.3 A Job Search Model with Tenure Choice

5.3.1 Housing Costs, Risk Aversion and Job Search

We assume that job seekers have a utility function with housing character-

istics h (a vector) and other consumption c (aggregated to a scalar compos-

ite with unit price equal to 1) as its arguments. The budget constraint is
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y = c + p(h) where y denotes (current) net income, and p net out-of-pocket

housing costs, which are a function of h. Tenure is included as a characteristic

in h, and we allow workers to attach a value to owning over renting. Rents

are allowed to be different from the out-of-pocket housing costs of similar

owner-occupied housing. Mortgage characteristics are also included in h, as

they are an important determinant of out-of-pocket housing costs. Through-

out the paper we assume housing characteristics, including housing cost, of

unemployed job seekers to be predetermined and fixed, therefore assuming

that there is no moving during unemployment.23 It is important to note that

the model does not assume a simple dichotomy between tenants (with low

housing costs) and owners (with high housing costs). Instead, we allow high

as well as low housing costs for both tenure types. Outright owners have

very low out-of-pocket housing costs, whereas highly leveraged owners living

in a similar house can have very high housing costs, and this difference may

have an important impact on their search behavior when unemployed.

We assume the indirect utility function v to be additively separable in a

part that refers to the consumption budget that remains after housing costs

have been subtracted from income and a part that refers to housing:

v = u1(y − p(h)) + u2(h). (5.1)

This formulation implies that the marginal utility of the composite consump-

tion good is independent of h. Although one can often easily criticize sep-

arability assumptions, the formulation in Eq. 5.1 has the clear advantage

that it emphasizes that living in a nice house does not affect one’s need for

food, clothing and other non-durables. An important implication of Eq. 5.1

is that housing characteristics (the vector h, not housing costs p) have no

impact on labor market search behavior and thus do not appear in the Bell-

man equation below. The function u1 is assumed to be increasing, concave,

and twice differentiable.

To study unemployment durations, we adopt the familiar job search

23The very low number of residential moves that we and others observe during unem-
ployment spells confirm that this is a reasonable assumption.
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framework in which job seekers receive job offers that are random draws.24

The Bellman equation for optimal stationary job search is:

ρU = u1(b− p(h)) + λ

∫ ∞
0

max

{
u1(y − p(h))

ρ
− U, 0

}
f(y)dy.

In this equation, U is the value of unemployment; b is the unemployment

benefit; λ is the arrival rate of job offers; ρ is the discount rate; and f(y) is

the density of the wages of offered jobs. The optimal search strategy is to

accept the first offer with a wage that gives a higher discounted utility than

the value of unemployment U . This critical value, known as the reservation

wage, is denoted as yres. Plugging in U = u1(yres − p(h))/ρ in the above

equation and solving for u1(yres − p(h)) gives:

u1(yres − p(h)) =
ρu1(b− p(h)) + λ

∫∞
yres

u1(y − p(h))f(y)dy

ρ+ λ
∫∞
yres

f(y)dy
. (5.2)

The exit rate from unemployment is equal to λ
∫∞
yres

f(y)dy. The exit

rate is decreasing with the reservation wage, so it is increasing in housing

costs if ∂yres

∂p(h)
< 0. It is shown in Appendix 5.A that this is the case if the

utility function u1 has a property known as decreasing absolute risk aversion

(DARA), which means that wealthier people are willing to pay less to escape

an additional risk.25 This is widely regarded as a plausible characteristic of

human behavior.26

5.3.2 Implications

The analysis just presented extends that in Rouwendal and Nijkamp (2010),

who consider a model with variable search intensity, but no variation in

24See, for instance, Rogerson et al. (2005), and Van Ommeren et al. (1999) for applica-
tions in a spatial setting.

25Formally the property requires that −u′′1/u′1 is decreasing.
26For instance, much empirical work in microeconomics assumes a utility function with

constant relative risk aversion, which implies decreasing absolute risk aversion. Direct
empirical evidence in favor of this property can be found, for instance, in Chiappori and
Paiella (2011).
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offered wage rates, and assume that the utility function is quadratic.

The main result derived above is that if DARA holds, workers with high

housing costs have a higher exit rate from unemployment than otherwise

comparable workers with lower housing costs. This is a potentially impor-

tant prediction of the model that can be tested empirically. It provides a

theoretical underpinning of the empirical results reported by Flatau et al.

(2003) who showed for Australian data that highly leveraged male workers

were more likely to find a job soon after becoming unemployed than outright

owners. There is also a connection with the empirical work on the Oswald

thesis, as the model developed above predicts that renters have longer unem-

ployment durations than homeowners with higher housing costs, e.g. because

they are highly leveraged, and shorter unemployment durations than home-

owners with lower housing costs, e.g. because they have paid back the whole

mortgage loan. This suggests that the validity of Oswald’s thesis may depend

on the mortgage market.

Note that we take the out-of-pocket expenses for housing here as an in-

dicator of housing costs, and not the user costs. A priori, one expects user

costs to be approximately equal when households can choose either type of

tenure. If this is the case, out-of-pocket expenses for leveraged homeowners

should be expected to be higher than those of renters, because they have

to repay the mortgage. Moreover, we note that almost all rental housing in

the Netherlands is rent-controlled and that there are long waiting lists for

these houses, especially in larger cities. The consequence is that arbitrage

between the rental and owner-occupied markets is limited, while the waiting

lists strongly suggest that rental housing is cheaper.27 We test the relation-

ship between mortgage size and unemployment exit rates in the Netherlands

in Section 5.4.

27Rouwendal and Nijkamp (2010) find that Dutch renters have lower out-of-pocket ex-
penses for housing than homeowners.
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5.4 Empirical Analysis

5.4.1 Empirical Strategy

Our theoretical framework predicts that higher out-of-pocket housing costs

lead to higher exit rates from unemployment at the individual level. Thus,

unemployed homeowners who are bound to a high mortgage find a job faster

than comparable homeowners with lower mortgages. In addition, if the mort-

gage effect is behind the discrepancy found between Oswald’s predictions and

the results of previous analyses of microdata, then the inclusion of mortgage

debt in our analysis is expected to significantly diminish the positive effect

of homeownership on the chance of finding a job.

We test these predictions using a duration analysis model (see Lancaster,

1992, for a detailed survey of this framework). In such a model, the de-

pendent variable of interest is the hazard rate into employment, denoted by

θ(t). It is defined as the probability of an individual leaving the state of un-

employment into employment at the time interval (t, t + dt), given that the

individual is unemployed at time t. We employ the Cox (1972) Proportional

Hazard specification, in which the hazard of an individual with observed

characteristics x is defined by

θ(t|x) = λ(t) exp(x′β),

where λ(t) is called the baseline hazard. No assumptions regarding the shape

of λ(t) are necessary for the estimation of the β parameters using partial

likelihood maximization.

Unobserved heterogeneity, not accounted for in our model, casts doubts

on the consistency of the estimated effects of housing tenure and mortgage

size. Obviously, the individual’s position in the labor market can affect both

her chance of finding a job and the level of mortgage she would take. A

skilled individual, or one with a good employment history, would be more

secure in her ability to return a higher loan, and the bank would be more

willing to provide a high loan, than to an individual with a weaker labor

market position. This type of heterogeneity would result in an overestimate
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of the effect of mortgage size on the exit from unemployment.

However, our reported results do not account for such heterogeneity. As

Subsection 5.4.3 shows, we do not find any effect of mortgage size on the

chance to leave unemployment. Moreover, the inclusion of mortgage does not

significantly diminish the effect of homeownership (which also likely suffers

from endogeneity issues, see Van Leuvensteijn and Koning (2004)). Even if

the mortgage effect is overestimated, this result stands in contrast to our

theoretical predictions.

5.4.2 Data

To test the predictions of our model, we have estimated a duration model

for Dutch unemployment spells. Statistics Netherlands gave us access to the

Sociaal Statistisch Bestand (SSB), which contains all unemployment benefits

and all jobs in the Netherlands in the period 1999–2005. We define an unem-

ployment spell as a period during which a person was not employed at any

firm and received unemployment benefits. Our definition ensures full-time

unemployment and eligibility of unemployment benefits. The latter requires

that the receivers are available for the labor market and are actively searching

for a job. The unemployment spell ends when one or both of these conditions

no longer apply. If an unemployment spells ends, but we do not observe the

start of a new job within one month, the spell is censored. This happens for

example when the maximum duration of unemployment benefits is reached

without finding a new job.

We merged the unemployment spells with data on individual workers and

households. Statistics Netherlands provided us with the Gemeentelijke Ba-

sisadministratie (GBA) and the Inkomenspanelonderzoek (IPO), both for the

period 2001–2005. The GBA is the Dutch municipality registry and contains

the residential location and other demographic characteristics of all Dutch

inhabitants. The GBA data allowed us to determine the age, gender and

country of birth of the worker. We were also able to determine whether the

worker had a partner or children. The IPO is a survey on incomes which

covers about 0.7 percent of the Dutch population. It contains several mea-
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Figure 5.1: Histogram of the duration of unemployment spells

sures of income for the individual worker and the household. It also includes

net income, capital income and received rental subsidies. Additionally, it

contains data on housing tenure and on the size of the mortgage and the

value of the house.

In our empirical analysis we only include the first observed unemployment

spell of each worker to avoid repeated spells. We also removed unemploy-

ment spells that were shorter than two weeks and censored unemployment

spells that were longer than two years.28 In addition, we removed observa-

tions with a non-positive income and owners with a non-positive house value.

Observations of homeowners were also removed if their loan-to-value ratio is

higher than 1.62, which corresponds to the 99th percentile of this variable.

The remaining number of unemployment spells is 10,341, of which 5,676 are

incurred by owners and 4,665 by renters.

Figure 5.1 presents the distribution of the duration of unemployment

spells, distinguishing between homeowners and renters. The durations are

displayed in weeks (rounded down). Durations longer than 52 weeks are

not shown in the histogram due to confidentiality reasons related to the low

28We also repeated the estimations while including all unemployment spells. The results
were very similar and are available on request.
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Figure 5.2: Smoothed Kaplan-Meier hazard rates and survival rates

number of spells ending in certain weeks. After these 52 weeks, 79 percent of

the spells of owners and 81 percent of the spells of renters have ended, either

because the person found a new job or because the spell was censored. The

peak at 26 weeks can be explained by the fact that this was the minimum

period of eligibility for unemployment benefits, which causes relatively many

spells to be censored at that moment.

Figure 5.2 contains the smoothed Kaplan-Meier hazard rates and the

survival rates for homeowners and renters. The hazard rate is generally de-

creasing over time. This figure also shows that the exit rate is higher for

homeowners than for renters at any duration. In Section 5.4.3 we provide

more formal estimation results where we also control for other workers’ char-

acteristics.

Table 15.1 shows descriptive statistics of the unemployment duration

spells and the explanatory variables, for owners, renters and all observa-

tions. The average duration of the unemployment spells is higher for owners

than for renters, but this may also be related to censoring. The share of

uncensored spells is higher for owners (59 percent) than for renters (52 per-

cent). As expected, homeowners have higher average household incomes and

more often have financial assets.

5.4.3 Estimation Results

We estimate six specifications of the Proportional Hazard model. In spec-

ification I, the hazard is a function of housing tenure, and of whether the
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Table 5.1: Moves from one COROP region to another

All Owners Renters
Unemployment duration in days 224.1 227.9 219.5

(219.8) (221.2) (217.9)
Finds a job 0.556 0.591 0.515
Female 0.471 0.481 0.458
Foreign 0.235 0.138 0.353
Couple 0.838 0.935 0.72
At least one child in household 0.545 0.588 0.493
Age 39.32 40.69 37.64

(10.08) (9.67) (10.32)
Financial assets below threshold 0.875 0.807 0.958
Receives rental subsidies 0.116 0 0.257
Owner 0.549 1 0
Net household income (x 1000 euro) 30.94 35.88 24.94

(16.48) (18.14) (11.67)
Mortgage size (x 1000 euro) 76.34 139.09 0

(103.05) (103.05) (0)
Loan-to-value ratio 0.34 0.619 0

(0.405) (0.354) (0)

Note: standard errors are shown in parentheses (not shown for dummy variables).

individual receives rental subsidies, as well as of an array of control vari-

ables. Specification II adds the mortgage size and the net household income.

Specification III replaces these two variables for the ratio of mortgage to

house value. These three specifications are then repeated using a subsample

that includes unemployment spells of homeowners only. In all specifications

we control for the province of residence and the year at the start of the

unemployment spell (coefficients not reported).

The estimates of the β coefficients of our empirical model are reported in

Table 5.2 The proportional effect of each independent variable on the hazard

is computed by taking the exponent of the reported coefficient. The effects

of the control variables are very similar across specifications, and their signs

and magnitudes are as expected. In model specification I, the exit rate out

of unemployment of females is about 20 percent lower than that of males.

Those that are born in a foreign country are 29 percent less likely to find a job

than those born in the Netherlands. The exit rate is generally not affected by

having another adult in the household, but the presence of children reduces
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it by about 18 percent. The chance of finding a new job decreases with age.

Compared with workers younger than 30, those in age groups 30–40, 40–50,

and 50 and up, have an exit rate which is lower by 26, 34, and 78 percent,

respectively. We do not find a clear significant effect of the extent of the

household’s financial assets.

Renters who receive rental subsidies have an exit rate that is about 12

percent smaller than that of renters who do not receive them. It is possible

that this is related to higher transaction costs of moving from subsidized

social housing, which is usually allocated by waiting lists. This effect may be

overestimated, since a low income is a condition for receiving rental subsidies,

while also indicating a weaker labor market position.

The results show that the exit rate of owners is 11–20 percent higher

compared to renters. This finding is clearly inconsistent with Oswald’s thesis.

However, it is in line with previous microeconometric studies (Munch et al.,

2006, for Denmark; Battu et al., 2008, for the UK; Van Vuuren, 2007, for

the Netherlands). As pointed out Munch et al. (2006) and others, this effect

may be prone to selection bias, as households with a preference for stability

may be more likely to own a house, as well as less likely to adapt and move

in response to a local labor market shock.

In specification II, we add the net income of the household and the size of

the mortgage. For every additional 1,000 Euro of net income, the hazard rate

increases by 0.4 percent. The disappearance of this effect in the subsample

of homeowners in specification V suggests that here too, correlations with

unobservables play a role.

The effect of mortgage size is statistically and economically insignificant.

As described in Subsection 5.4.1, the potential upward bias of this effect does

not seem to spoil our analysis. It does, however, stand in contrast to our

theoretical predictions, all the more so as the homeownership effect does not

differ significantly from that in specification I.

In specification III, we find a statistically significant coefficient for the

loan-to-value ratio. Homeowners with a mortgage that is equal to the value

of the house are about 13 percent more likely to leave unemployment com-

pared to outright owners. Although there is a potential upward bias here



90 CHAPTER 5. HOMEOWNERSHIP AND UNEMPLOYMENT

Table 5.2: Estimation results of a Cox proportional hazard out of unemploy-
ment

(I) (II) (III) (IV) (V) (VI)
All All All Owners Owners Owners

Female −0.22∗∗∗ −0.22∗∗∗ −0.22∗∗∗ −0.26∗∗∗ −0.26∗∗∗ −0.26∗∗∗

(0.03) (0.03) (0.03) (0.04) (0.04) (0.04)
Foreign −0.34∗∗∗ −0.32∗∗∗ −0.34∗∗∗ −0.42∗∗∗ −0.41∗∗∗ −0.43∗∗∗

(0.04) (0.04) (0.04) (0.06) (0.06) (0.06)
Couple −0.04 −0.10∗∗ −0.04 0.13∗ 0.11 0.12∗

(0.04) (0.04) (0.04) (0.07) (0.08) (0.07)
Household −0.20∗∗∗ −0.20∗∗∗ −0.20∗∗∗ −0.18∗∗∗ −0.18∗∗∗ −0.17∗∗∗

with children (0.03) (0.03) (0.03) (0.04) (0.04) (0.04)
Age 30–40 −0.30∗∗∗ −0.32∗∗∗ −0.30∗∗∗ −0.28∗∗∗ −0.29∗∗∗ −0.27∗∗∗

(0.04) (0.04) (0.04) (0.05) (0.05) (0.05)
Age 40–50 −0.42∗∗∗ −0.45∗∗∗ −0.41∗∗∗ −0.39∗∗∗ −0.40∗∗∗ −0.36∗∗∗

(0.04) (0.04) (0.04) (0.06) (0.06) (0.06)
Age 50 or higher −1.51∗∗∗ −1.52∗∗∗ −1.48∗∗∗ −1.58∗∗∗ −1.57∗∗∗ −1.52∗∗∗

(0.05) (0.05) (0.05) (0.07) (0.07) (0.08)
Financial assets 0.05 0.10∗∗ 0.04 0.09∗ 0.10∗∗ 0.08
below threshold (0.04) (0.04) (0.04) (0.05) (0.05) (0.05)
Receives rental −0.13∗∗∗ −0.11∗∗ −0.13∗∗∗

subsidies (0.05) (0.05) (0.05)
Owner 0.18∗∗∗ 0.15∗∗∗ 0.10∗∗

(0.03) (0.04) (0.05)
Net household income 0.004∗∗∗ 0.001
(1000’s Euro) (0.001) (0.001)
Mortgage size 0.0001 0.0002
(1000’s Euro) (0.0002) (0.0002)
Loan-to-value ratio 0.12∗∗ 0.12∗∗

(0.05) (0.06)
Province dummies 12 12 12 12 12 12
Year dummies 5 5 5 5 5 5
Observations 10341 10341 10341 5676 5676 5676
Number of failures 5754 5754 5754 3352 3352 3352

Note: standard errors are shown in parentheses. Statistical significance levels are
indicated by *** (1%), ** (5%) and * (10%).
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if workers with a stronger labor market position are more likely to take up

higher leverage, this result suggests that a theory based on financial leverage

would be more appropriate than our current model. Including the loan-to-

value ratio also diminishes the effect for homeownership, suggesting that part

of the homeownership effect is explained by the fact that many homeowners

have borrowed a high share of their house.

5.5 Conclusion

In this paper we discussed some issues raised by the empirical literature

that investigates the validity of Oswald’s thesis by analyzing unemployment

duration. We proposed a search model that emphasizes the relationship

between housing costs, that are interpreted as fixed in the short-run, and

the exit rate of unemployment. If the worker’s utility has the property of

decreasing absolute risk aversion, higher housing costs imply a higher hazard

rate of leaving unemployment.

We tested this prediction on unemployment durations in the Netherlands

in the period 2001–2005. We could not find robust evidence that supports

our hypothesis. In line with earlier empirical research we also find that

homeowners are more likely to leave unemployment than renters, which does

not support Oswald’s thesis. Blanchflower and Oswald (2013) suggest that

a different approach, which focuses on labor market externalities generated

with long time lags by homeownership might be more fruitful.

Specification III suggests that a theory, which relates job search behav-

ior and financial leverage, should be developed and tested. Specification III

should not be given a causal interpretation, as it potentially suffers from

selection effect, since labor market behavior and the choice of financial lever-

age may be mutually affected by additional variables. Therefore, the choice

of individual leverage may be controlled for in the spirit of homeownership

selection employed by Munch et al. (2006) and Van Leuvensteijn and Koning

(2004), among others.
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5.A The effect of housing costs on the reser-

vation wage

Consider the impact of an increase in the housing costs on the reservation

wage. We can use Equation 5.2 to investigate the change in the reserva-

tion wage that results from a small change in the housing cost, computing

dyres/dp(h). The condition for this ratio to be negative can be written as:

u′1(yres − p(h)) >
ρu′1(b− p(h)) + λ

∫
y>yres

u′1(y − p(h))f(y)dy

ρ+ λ
∫
y>yres

f(y)dy
, (5.3)

where the primes denote first derivatives with respect to p(h).

An alternative interpretation of Equation 5.2 is that it represents the

certain income zcer = yres − p(h) that is equivalent (in terms of expected

utility) to the uncertain income z which is equal to a certain base value

zb = b− p(h) plus an uncertain component ε. The uncertain component has

a probability distribution that is partly discrete and partly continuous. It

equals 0 with a positive probability (mass point):

ρ/

(
ρ+ λ

∫
ε>0

f ∗(ε)dε

)
,

and ε > 0 with probability density:

λf ∗(ε)/

(
ρ+ λ

∫
ε>0

f ∗(ε)dε

)
,

where f ∗(ε) = f(ε+ b+ p(h)) if ε+ b > yres and f ∗(ε) = 0 otherwise.

We can now rewrite Eq. 5.2 as:

u1(zcer) =
ρu1(zb) + λ

∫
ε>0

u1(zb + ε)f ∗(ε)dε

ρ+ λ
∫
ε>0

f ∗(ε)dy
.

Now consider what happens with the equivalent certain income zcer, if

all incomes on the right-hand-side of the equation change by the same small
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positive amount dz∗. That is, zb changes by dz. If utility has the property

of decreasing absolute risk aversion (DARA), the consumer needs less com-

pensation for taking a particular amount of risk when his or her wealth is

higher (see, for instance, Gollier, 2001, p. 24). Utility thus has DARA, if the

increase in the certain income dzcer needed to maintain the inequality sign

in Eq. 5.3 is less than dz. It is not difficult to verify that dzcer/dz < 1 if:

u′1(zcer) >
ρu′1(zb) + λ

∫
ε>0

u′1(zb + ε)f ∗(ε)dε

ρ+ λ
∫
ε>0

f ∗(ε)dy
.

Except for the notation, this equation is identical to Eq. 5.3 We have

therefore shown that in our model an increase in housing costs decreases the

reservation wage iff the worker’s utility function has DARA.





Chapter 6

Conclusion

This thesis is composed of four chapters that explore links between accessi-

bility and location choice. Two papers study the interactions between trans-

portation and land use, and two papers explore job search from an urban

economics perspective. This chapter summarizes their main findings and

suggests trajectories for further research.

Chapter 2 presents a theoretical model of an open city with two sources

of externality: agglomeration benefits and traffic congestion. Firms and

households are free to choose their location in the city, and land is allocated

to its highest bidder. The city is a symmetrical circle, its radius is given, and

travel is only allowed along radial rays to and from the center.

The resulting equilibrium structures can exhibit a variety of land use

patterns. In particular, they may include mixed zones, in which firms and

households share the land. The novelty of the model lies in its property that

the share of land taken by firms or households in the mixed zones is endoge-

nously determined. For instance, a location can be occupied by many firms

and only a few households. Using simulations, it is found that higher trans-

portation system capacity facilitates land use segregation, and as a result,

agglomeration externalities are reinforced.

A natural extension of the study would be an examination of optimal

urban structure, given the two counteracting external effects. Rossi-Hansberg

(2004) finds that with the agglomeration externality alone (hence, without
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congestion), the optimal urban structure exhibits no mixed land use. It is

possible that the addition of a negative external effect would result in a more

mixed optimal urban structure, since mixing reduces the costs associated

with congestion.

Chapter 3 focuses on the direct benefits that a proximity to train station

provides for businesses. An array of hedonic price regressions is employed

on a dataset of real-estate property transactions of office and retail space.

The large scale of the dataset enables a fine-grained controlling for neighbor-

hood fixed effects, as well as for agglomeration effects. These two empirical

strategies, not commonly used in previous literature, prove to considerably

improve efficiency and reduce the estimation bias.

The results show that office firms attach a premium to station proximity,

decreasing from 17.5 percent at the immediate vicinity of a station to a

rate indistinguishable from zero at locations further than 500 meters away.

Retailers attach a 17.5 percent premium to locations at 250 meters from a

station, but no clear-cut premium is found at locations closer to the station

or father from it. Retailers find it good to have the station close, but not too

close. The significant effects found seem to be mostly driven by properties

near stations at which intercity trains stop.

The variation between the station proximity premium of offices and that

of shops underlines the importance of differentiating commercial properties

by sector and function. Hence, it is reasonable to assume sorting of firms at

locations close to stations. In other words, also among retailers or offices,

the premiums attached to station access are diverse. A furniture store would

likely value it less than a convenience store would. Similarly, an advertising

firm serving clients nationwide would value station proximity more than a

local real estate agency would. Therefore, further research along similar lines

might try a less aggregate approach, if the data permit.

Chapter 4 tests whether labor markets in densely populated regions are

more efficient than those in sparsely populated regions in matching job seek-

ers to vacancies. This empirical work takes advantage of repeated spells in

a partial likelihood hazard estimation, thereby addressing a bias stemming

from sorting and time-invariant unobserved heterogeneity.
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It is found that the hazard rate out of unemployment is 3.1 percent higher

when population density is doubled. This result stands in contrast to find-

ings from a traditional proportional hazard model, which suggest decreasing

returns to scale in job search. Therefore, this study indicates the significance

of addressing these sources of bias in the labor matching literature when

people are free to locate into labor markets.

This work can be extended using an empirical job search model, in which

the tightness of the local labor markets plays a role. In particular, a finer

definition of market scale is likely desirable, by controlling for the number

of vacancies, or the number of job seekers, for instance. Furthermore, the

evidence would be more convincing using findings from countries or regions

where labor markets are more geographically distinct than in the Nether-

lands.

Chapter 5 proposes an explanation to the inconsistency between Oswald’s

thesis that the lack of mobility hampers homeowners’ chance of finding a job,

and empirical findings that homeowners fare better than renters do in job

search. The study develops and tests the hypothesis that if the utility func-

tion has the property of decreasing absolute risk aversion, then higher out-of-

pocket housing costs positively affect the chance of leaving unemployment.

Since homeowners are commonly bound by high mortgage payments, the

theory suggests that controlling for these costs in the econometric analysis

might unmask the true constraining effect of homeownership.

However, the empirical evidence does not support the proposed theory.

Instead, it is found that mortgage size, closely correlated with the size of

mortgage payments, has no effect on job search. Nor does controlling for

it significantly influences the estimate of the positive effect homeownership

has on job search. This suggests that policies intended to influence the labor

market should look elsewhere than at out-of-pocket costs of job seekers.

The results further suggest that an alternative theory, which uses financial

leverage as a stimulant to job search, might better reconcile Oswald’s thesis

with the common findings. However, this undertaking is beyond the scope

of this thesis.
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Summary

This Ph.D. dissertation presents four studies, which explore issues in Urban

Economics with relevance to research and policy. The first paper discusses

a theoretical model of an open city with two sources of externality: ag-

glomeration benefits and traffic congestion. The equilibrium structure can

exhibit a variety of land use patterns, including zones shared by businesses

and households. Using simulations, it is found that higher transportation

system capacity facilitates land use segregation, and as a result, agglomera-

tion externalities are reinforced. The model is calibrated to data from New

York and Los Angeles, providing support for the theory.

The second paper focuses on the direct benefits that a proximity to train

station provides for businesses. An array of hedonic price regressions is em-

ployed on a dataset of real-estate property transactions of office and retail

space in the Netherlands. The paper introduces neighborhood fixed effects

and controls for agglomeration. The effect is found to be nonlinear, local,

and dependent on the type of property as well as the characteristics of the

station.

The third paper tests whether labor markets in densely populated re-

gions are more efficient than those in sparsely populated regions in matching

job seekers to vacancies. It employs repeated spells in a partial likelihood

hazard estimation, thereby addressing a bias stemming from sorting and

time-invariant unobserved heterogeneity. This empirical approach leads to

results that suggest increasing returns to scale in job search, in contradiction

to the results of a näıve model.

The last paper hypothesizes that high housing costs incurred by leveraged

homeowners are a driving force behind homeowners’ better performance in
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job search, compared to renters. However, this theory, which relies on plau-

sible assumptions on risk aversion behavior, is not supported by our findings.
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