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Abstract

This critical review focuses on the developmensdtial competition modedsla Hotelling in which the
location choice of firms plays a major role. Wertstay quantifying the research in this field by ngi
bibliometric tools. Thereafter, this study iderdffithe main research paths within spatial competiti
modelling. Specifically, the type of strategy (Bertdvs. Cournot competition), the assumptions that are
made in respect to the market (linear vs. circulprdduction costs, transportation costs, the nurobe
firms and the type of information (complete vs.dmplete) and their effects on the location equidilare

also discussed.
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1. INTRODUCTION

Spatial economics iscbncerned with the allocation of scarce resourcesrspace and the location of
economic activity (Duranton, 2008: 1). It may therefore be relatech very broad set of questions, as
most economic questions involve space and locasgues. However, according to Duranton (2008), the
main focus of spatial economics is the locationiahof the economic agents.

In order to explain how agents choose to locateertain places, specific modelling problems arise
because of the difficulty of inserting locationtire framework in a realistic way.

The starting point is the neoclassical paradigmiclvhssumes perfect competition and constant retorn
scale. Accordingly, Debreu (1959) suggests thatiapeconomics is all about adding a spatial dinmmns

to the goods and agents, meaning that every contynadd agent has different characteristics because
they are located in different places, while thexe teansportation costs of commodities betweerersfft
locations. In this framework, economic activitietfl Wwe evenly distributed across a homogeneousespac
However, Starrett (1974) came up with a particumerdel where the locations are homogenous. Each
location, as long as the production and consumpifagpods are perfectly divisible and transportai®
costly, will satisfy its own needs, reducing itartsportation costs to zero, operating as an awtarch
Therefore, the equilibrium results failed to mirrthre reality as there is no trade between different
locations in the economy: every agent would maxéniig utility by interacting only in its locatiofhis
finding gave rise to the Spatial Impossibility Thexm, which states that models of competitive
equilibrium never involve transportation of commtggl, which is counter-factual.

In order to explain the location choices of ecormagents and the agglomeration of agents in certain
locations, one must relax the core assumptionh@fcompetitive framework. According to Fujita and
Thisse (2002), three alternatives emerged andvetddiuge attention in the literature: the assumpdib
heterogeneity of locations, in which there is areven distribution of resources, as in comparative
advantage models (e.g. Ricardo, 1963 [1821]; Hemk€Hlin, 1991 [1919]) or in pioneering static
location models (e.g. Von Thinen, 1966 [1826]; Wet829 [1909]); the externality models, in which
the economic activity endogenously generates sgillo that motivate the agglomeration of the agents
(e.g. Marshall, 1920; Henderson 1974); and theragsan of imperfect markets, implying that agents
have to interact with each other, with locationngean important variable, as in spatial competition
models (e.g. Hotelling, 1929) or in the monopadistbmpetition approach (e.g. Losch, 1954 [1940];

Krugman, 1991).



This review will focus on the development of splatiampetition models: la Hotelling. Specifically, the
main purpose is to study models in which the lacatthoice by the firms plays a major role, instead
those models in which, regardless of the spatitdreaof price competition, the location of the fgrnis
fixed.

This topic is extremely appealing, firstly becaitsmixes Game Theory tools with Regional and Urban
Economics in order to explain firms’ locations; @edly, because it offers some interesting insigfts
Industrial Organization, because of firms’ strateigiteraction and behaviour; and finally, becausthe
huge literature in this research field and the meagsights gained regarding asymmetric informatonl
its application to this subject. As a whole, tlopit makes a very solid contribution to micro-econo
science.

In section 2, the roots of spatial competition aegiewed. In section 3, along with a bibliometric
approach to the papers in this area, some of thet mportant developments in the field are presknte

with the focus directed at the optimal locationidien. Section 4 presents concluding remarks.

2.SPATIAL COMPETITION —THE ROOTS

Spatial competition is mainly concerned with theational interdependence among economic agents
under the constraints of imperfect competition. drding to Smith (1981), the first major contriburtito
studying interdependence among firms was by Fétt@?4), who constructed the law of market areas.
According to Fetter, consumers compare the pricd®th firms and the freight costs needed to bay th
product before making their choice and the locatiohconsumers who are indifferent about buying at
either location defines the market boundary of ¢hfisns. Some of Fetter’s ideas influenced the wafrk
most location theorists in the 1930s, but the ridkiential paper was that of Hotelling (1929).

The model that he developed was in fact one of st significant historical landmarks in the
development of Location Theory. In his model thexests a city represented by a line segment, where
uniformly distributed continuum of consumers hasbtoy a homogenous good in order to survive.
Consumers have to pay transportation costs wheimdptiye good, which is to be bought from one of the
two firms existing in the city. Within this framewq firms simultaneously choose their locations and

afterwards set their prices in order to maximizsrtprofits.

' One can notice that the Fetter's law of market siisapresent in Hotelling’s framework, but Fetter
overlooked the issue of the optimal location orrethee optimal price decision of the firms and wasen
concerned about modelling the demand behavioureofrtarket.
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Hotelling was actually more intent on proving thastence of a stable equilibrium in duopoly markets
than developing a spatial framework. According ito,ithe main feature of the paper was the elimamati

of discontinuities in the demand of each firine, small changes in price would only capture parthef
demand existing in the market, which would solve Bertrand (1883) paradox, in which small changes
in price would capture the whole market for onetld firms, leading the firms to an (unrealistic)
equilibrium situation with no profits.

Moreover, Hotelling did not think of his framewors a location model, despite mentioning
transportation costs. He introduced “distance” leetw firms as a way of modelling differentiation
between the goods produced in each firm, with tbedg being homogenous except for the location
where they were produced, which is a similar cphoélocation introduced later by Debreu (1959).
However, in the second part of the paper, Hotellimgduced the following question: given the looat

of a firm, which is the location for the other firtinat maximizes its own profits? This questionaated
scientific attention to this framework, which wagended in numerous ways in order to answer many
different questions within, for instance, locatitreory (as will be shown later), game theory, itdak
organization, social welfare and even mathemaissales such as the existence of equilibrium.

In a quite different approach, Chamberlin (195Gjaduces the concept of monopolistic competition.
This approach arises because of product differmtiain which firms may combine characteristics of
being both in a monopoly and in pure competitios,tleey possess a somewhat unique product in a
competitive market. Product differentiation mayereo many characteristics of the product, inclgdis
location. This “middle point” between pure comgpetit and monopoly has new implications for the
behaviour of the firms when it comes to maximizithgir profits. The parallel with the Hotelling
framework is evident, as the “linear city” is medatrepresent product differentiation throughoug th
market under study.

This review follows the framework of Hotelling, #se subsequent publications around this framework
are more concerned with the agents’ location behavhan the developments of Chamberlin, which are
used more as a building block for product differ@idn or than the framework of Fetter, which hagi

relatively forgotten.



3. DEVELOPMENTS IN SPATIAL COMPETITION MODELLING A LA HOTELLING : A
CRITICAL REVIEW

3.1 A bibliometric exercise on research in spatiatompetition

Before proceeding to the analysis of the main doutiions in spatial competition modelling that fecan

the location decisions of firms, a numerical stiglgonducted in order to better understand the ¢teatp
development of the field. The analysis begins ii9,3he year that d’Aspremoat al. (1979) published
what can now be considered a classic paper inette ind ends in 2011.

The search engine used was Scopus and only arficldee subject area of “Social Sciences &
Humanities” were considered. Document type wasgrfitl to only include peer-reviewed articles and
exclude comments, rejoinders, book reviews eodigendas The database was constructed using the
keywords “spatial competition” or “Hotelling” thawere sought in the articles’ title, keywords and
abstract Finally, in order to develop a clear descriptioh spatial competition modeling we have
excluded any record that is not related with théddf by direct inspection of each article’s titend
abstract As a result, the database includes a total numb862 journal articles published since 1979.
Our intention is to give an idea of the developmeithe field, without intending it to be complatel
exhaustive.

By analyzing the distribution through time, we @® a gradual increase in publications, suggesting
increase in the field (Figure 1). However, in rigdatterms, compared with the total number of peer-
reviewed articles in Scopus — Social Sciences amdathities, that is not the case, with an irregtriemd

in the importance of spatial competition over tibeng observed (Figure 2).

(Figure 1 here)

2 As an alternative, we searched for the keyworgsatial competition” OR “Hotelling” in whole textsf o
papers, obtaining a total of 4,037 articles. Howewaost results were not directly related to thgido
under study, and therefore, we chose to searchiariyles, abstracts and keywords. Additionallye w
also searched for the words ‘spatial competitionaiticles’ titles, abstract and keywords (305 rdsd
and in the whole text (1,230 records), as well #semw possibilities (“spatial OR spatially” AND
“competition OR competitive” OR “Hotelling” OR ‘pruct differentiation™; spatial AND competition),
and adopted the best option as far as proximibutossubject was concerned.

% We had this necessity because Hotelling was aisovk for a statistical test, a famous rule in tie¢df
of exhaustible resources and for the "Hotellinggmiha” in microeconomic theory. Therefore, we
excluded these articles to obtain a better assedgrheesearch in spatial competition.

“ 1t should be said that Scopus database coverga $at of journals after 1996, but has some liiita
in the period before, which might justify the inasing pattern shown in Figure 1, as well as therad®s
of d'Aspremontet al. (1979) in the searched records
(http://www.info.sciverse.com/UserFiles/sciverse e content coverage_O.jpdf




This evidence of the importance of the field of tsglacompetition is not surprising to anyone who is
familiar with the literature discussed in the reniag of this section. In fact, spatial competitivas a hot
topic in the eighties and nineties, when a hugeetiog effort was devoted to examining the effeats
changing every Hotelling assumption on the subseiceguilibrium conditions.

(Figure 2 here)
With respect to the authors’ efforts regarding sipatial competition modelling, information aboue th
most relevant researchers is displayed in Tablladques-Francois Thisse and Stefano Colombo are the
authors more articles in this research field, v@tpublications each, immediately followed by Debgsh
Pal, Noriaki Matsushima and Ralph Braid. In additiovhen we take into consideration the average
number of citationsper paper, we may conclude that Jacques-Francois €lligssone of the most
prominent researchers on this topic, together whibholas Economides and Takatoshi Tabuchi.
Additionally, information about authors’ geographaffiliation (Figure 3) reveals the importance of

European authors’ research into spatial competition

(Table 1 here)

(Figure 3 here)
In order to assess the quality of the researctpatiad competition modelling, a selection of thesino
frequent journals in this field has been undertaf@ble 2). As expected, the vast majority are nalg
specialized inRegional and Urban Economicsbesides other journals dealing witlndustrial
Organizationor Public EconomicsHowever, it is not only specialized journals tlaae interested in
spatial competition, as more general ones alscagomirticles in this field, witiEconomics Letterand
European Economic Revieamongst those with the most publications in thésaaf research. Regarding
the impact factor of these journals, we can see@h85% of the articles published in journals edming
3 or more articles on this particular topic hav&-gear impact factor higher than 1, meaning that a
significant number of publications in the field leaat least a moderate impact.

(Table 2 here)

To sum up, spatial competition models have seeunlaegrowth in terms of the number of publications.

Furthermore, most of those models have been pedishjournals with at least “moderate” impact.



After this brief bibliometric overview of the regeh into spatial competition modelling, this paper
critically reviews the main models for each of ther research paths that we have identified afier t
work of Hotelling (1929). These paths are orderecbeding to the greatest frequency of publicatias,
exemplified in figure 4. The first group is Bertthnompetition, which immediately follows Hotellirsy’
(1929) model and shows the highest number of patddios; secondly comes Cournot competition,
differing from Hotelling’s spatial-price competitipfocusing on quantity competition in the secotags;

in third place are non-linear markets such as tdrcor triangular markets, diverging from Hotelliag
linear city; more recently, models of incompletdormation between players have appeared, which
extend Hotelling’s complete information model.

Throughout the remainder of the review, the focaigdirected on the papers related to the location
behaviour of the agents, rather than their pri@ngjuantity behaviour. This means that other inmgurt
articles of “spatial competitioa la Hotelling”, possibly included in the bibliometrgearch undertaken
earlier, are not reviewed.

(Figure 4 here, in a separate, horizontally-orié mage)

3.2 Bertrand Competition

3.2.1 Mill Pricing

The Hotelling model was an ideal basis for exangrtire behaviour of firms when it comes to theiceri
and location decisions because it allows for eamletstanding and an appealing logic, and also Isecau
of its usefulness in studying firms’ interactionBhe Hotelling model is based on the following
assumptions: two firms are the players in a twgestkcation-price game, in which at the first stage
firms must choose their location on a linear andrisied city and at the second stage compete onsprice
The good sold by the firms is homogenous excepttferlocation they have chosen in the first stage.
Demand is perfectly inelasticge., consumers in that city must buy one unit of thedyavhile incurring a
linear transportation cost when travelling to of¢he firms. In the second-stage, firms competa mill
price setting,i.e., they choose a price for their good, bearing indnihat each consumer takes into

account the price plus the transportation costawdeeiding from which firm to buy the good. In timdl

® |t should be said that in the bibliometric apptuaitis impossible to separate the papers betwleese
different research paths because of the difficoftfinding keywords that are able to do so. Formegke,
comparisons between Cournot and Bertrand competéi@ very frequent in papers of both research
paths. As a result, no single keyword can reliatdntify whether a paper contained in the seardbniges

to a particular research path.



price setting, a Nash equilibrium in the price stag defined when both firms simultaneously choose
prices (given their previous choice of locatiott®t maximize their profits, given the price setthg
other firm.

With these assumptions, Hotelling concluded thamgi would agglomerate at the centre of a linea, cit
thereby laying the foundations for the “Principle Minimum Differentiation”, so called by Boulding
(1966). This principle was undisputed and was wesed starting point for research, with its conansi
being studied and extended into many branchessafareh. However, almost half a century later some
scientists started to question this principle, nyalny using the Hotelling model with some different
usually more realistic, assumptions. The most ingmirconclusion is the one drawn from d’Aspremont
et al. (1979), which introduced quadratic transportatiostS. The introduction of this feature removed
the discontinuities verified in the profit and derdafunctions, which was a problem in the Hotelling
model since there were no Nash price equilibriutatems for all possible locations of the firms.&h
location decision for the firms in the presencegwédratic transportation costs is to locate aettieemes

of the market (principle of maximum differentiatjorrirms wish to differentiate more and more inard

to relax price competition and thus obtain largefifs.

Following this paper, the majority of the modelsaationed the linear transportation costs assumption,
except for the cases where scientists were onde #gsting the cost functions, such as Gabszewicz a
Thisse (1986) and Anderson (1988), who tested masp@tation cost function with a linear and a
guadratic component. They proved that in some ctsre is no price equilibrium for fixed symmetric
locations and that in most cases no location-prepdglibrium exists in the two-stage location game.

The assumption for the bearer of the transportatmsts was changed in Anderson and Thisse (1988),
Andersonet al. (1989) and Hamiltoret al (1991), to name but three instances. Hamittbal (1991)
introduce a model where consumers are allowed rigalrabetween the two firms, which makes the firms
choose the socially optimum locations, 0.25 and.0This bargaining in the model is only possible
because firms do not observe the consumers’ lataiio the city. The other authors reached no sipecif
conclusions regarding location patterns: Andersae @hisse (1988) and Anderset al. (1989) focus

more on the existence of equilibrium than the limcadf the firms.

® Quadratic transportation costs are a realisticraption when we are thinking of transportation sost
different from the physical costs, for instancensuumer tastes.



In Hotelling’s model, firms were interacting iniaéar and bounded market, with only one differdimtg
dimension, and selling homogenous goods. Demandagssmed to be perfectly inelastic, meaning that
consumers will always buy one unit of the good, telaar the price (if there is no reservation price).
While the linear and bounded market assumptionsnseet to be too binding, the others seem quite
unreasonable in terms of reality, but are easilyenstandable. The analysis of the equilibrium eftthio-
stage game with more than one dimension or witlstieladlemand proved to be a hard obstacle to
overcome, while finding a way to quantify heterogjgnof the goods was not obvious.

In an ambitious paper, Irmen and Thisse (1998)nektee Hotelling problem to an n-dimensional market
where consumers may weight each dimension diffgrefhey conclude that when a characteristic is
sufficiently strong, the situation in which thenfis fully differentiate in one characteristic anddte in
the centre for all the others is a global equilibrifor the usual two-stage game. Therefore, “Hioigll
was almost right”, in the sense that firms apply guinciple of minimum differentiation except fdret
most important characteristic.

Some authors addressed the assumption of homogeyumais by introducing heterogeneity into the
model. Three different approaches appeared initheature: De Palmat al. (1985), Andersoret al.
(1989) and Ben-Akivat al. (1989).

De Palmaet al. (1985) only changed the homogeneity of the gosdsancluded that when prices are
fixed and equal for both firms, agglomeration & tentre occurs and the profits for the firms gwaitin

the degree of heterogeneity of the products (wherdegree equals zero, we have the Hotelling chse).
the two-staged game, agglomeration equilibrium megur, but only if the degree of heterogeneity is
high enough. Andersoat al. (1989) tested different price schemes for a fixachtion by comparing
consumer and producer surplus in those casesjriug kcations are fixed no conclusions can be draw
regarding location theory. Ben-Akivet al. (1989) introduced a second dimension to the prokiby
introducing brands which are intended to model Hoggeneity. When firms play for location and price
simultaneously with exogenous brands, agglomeraprilibrium at the centre of the city occurs iéth
heterogeneity in consumer tastes is not too small.

Anderson and Engers (1994) solved the two-stagatitoeprice game for more than two firms and
assumed an elastic demand. The conclusion forake of two firms is that if the demand is perfectly

inelastic (Hotelling) or sufficiently inelastic, su firms will still prefer to agglomerate at thente.
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However, the nature of this game is different frtmat of Hotelling, as pricing in the second-stage i
defined by a social planner.

The main feature of Andersat al. (1997) was to change the density of the consumeeassymmetric
log-concave function. The conclusion is that if tbensity function is too concave, asymmetric
equilibrium appears in the location decision. Femthore, if the density function is concentrated enaftr
the centre, that does not always lead to closeiliedum locations. Transportation costs make no
difference to the equilibrium location. Moreoverittwthis specification of the density function, taes
excess differentiation in the product comparedosocial optimum.

Hotelling considered the case of only two firmsainwo-staged game, deciding first their locatiod an
then prices simultaneously with pure strategiesvéler, the characteristics of this game have atsmb
changed to address different issues or to searchlfetter overall realistic framework.

Dasgupta and Maskin (1986) proved the existenceeixéd-strategy equilibrium for the pricing sub-game
for all possible locations of the firms, paving tivay for Osborne and Pitchik (1987), who discovered
that when mixed strategies are allowed only atstheond stage, using only pure strategies in tis¢ fir
stage, the symmetric location where firms are kedat 0.27 and 0.73 is an equilibrium. This eqiilitn

is near the social optimum, which are the locatbfirms that minimize the total transportation tsoef

the population. However, the transportation cosisymit distance in this model were set as a cahsta
equal to one.

Anderson (1988), as previously mentioned, concluthed there is no pure strategy perfect equilibrium
for most cases when the transportation cost hasarland a quadratic component. However, allowing
for mixed strategies at the price stage, the gagaeres well defined, but if the transportation fiorcis

not convex enough, symmetric location equilibriastrinvolve mixed strategies in pricing.

Two very different approaches follow: Ben-Akiw al. (1989) introduced exogenous brands into the
firms: a brand “is given” to all firms in the matkevhich have simultaneously to choose location and
price. However, consumers face linear transporiatiosts when travelling to a location and quadratic
costs when “travelling” to a different brand inatibn to their tastes. In this setting, agglomerati
equilibrium exists at the centre of the city onfyheterogeneity in tastes is considerable enough.
Moreover, the smaller the number of firms in therke the more likely it is that the agglomeratioiti

result in an equilibrium. This result is very siarilto the one found in Irmen and Thisse (1998)esif
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firms are able to differentiate on brands, theyehthe incentive to choose the central location beea
price competition is already softened due to prodifterentiation.

Friedman and Thisse (1993) introduce a game intwloication is played in the first stage, and tHeare

is a repeated game in which players keep choosiegspfor n periods. As the game is repeated, firms
play a trigger strategy regarding prices. The dguuim for this game is agglomeration at the cewtire
the city, with collusion for both firms only at tipeice-stage.

Boyer et al. (1994) study the case of sequential location dmtiswithin a uniform delivered price
setting. In this game with three stages, one finmoses its location first, followed by the othen] after
which both firms enter into price competition. Witlansportation costs equal to one and equal margin
costs, firms choose to locate at 2/5 and 4/5, wsmly. The same framework, but with the mill pnig
setting, was studied by Boyet al. (2003a). If firms have the same marginal costs,résults are the
same as those of d’Aspremaeital. (1979). However, if one firm has an advantagddrmarginal costs,

it starts to move progressively to the centre, svtfile firm with the higher marginal costs alwaysates
the opposing extreme of the market.

Lambertini (2002) builds a model where two firmgezra market sequentiallg, la Hotelling, but take
the lag between the entries of both firms as aab#i The main conclusion is that the longer treoisé
firm takes to enter, the closer the first firm wilcate to the centre, while the second firm wilays
choose one of the extremes of the market. Thefiirstprefers to locate in the centre because theran

set a higher price and still capture the entireketarThis happens due to the existence of a resenva
price for consumers.

More recent extensions have been identified. Liang Mai (2006) added vertical subcontracting to the
model; Aguirre and Espifiosa (2004) introduced coresuarbitrage; Matsumura and Matsushima (2004)
introduced heterogeneous firms with endogenousyatazh costs; Lai and Tsai (2004) introduced zoning
regulation and Degryset al (2009) introduced different transportation cdetseach consumer.

3.2.2 Spatial Price Discrimination Setting

Another frequent way of treating price competitinrthe linear city model of Hotelling is by introcing

the so-called spatial price discrimination. In thetting, firms, instead of fixing a single prige their
store, are allowed to set a price for each locatiotie city. This price will no longer be the priat the
store, but is the delivered priceg. including the transportation costs, which are rineurred by the

firms. This setting allows firms, when they are mpalists, to fix the maximum price possible in each
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location, given that each consumer still buys tle®dy When there is more than one firm, a Nash
equilibrium in this price sub-game occurs whenthd firms participating in the game do not wish to
change their delivered price, given the deliveradepset by the other firms, for every locatiorthe city.
This setting was introduced by Hoover (1937) antheeand Singer (1937), while analyzing the logatio
results of Hotelling and using Hotelling’s othersasiptions. Hoover (1937) was more cautious in
deriving a location result, since it depended taecimon the type of industry considered; while Lerne
and Singer (1937) argue that the equilibrium laatiof a finite number of discriminating firms omiait
interval are the same as the socially optimal iooat Greenhut and Greenhut (1975) studied thatgrof
and prices of firms with different exogenous firocétions. Although not directly studying the twags
location-price gamea la Hotelling, this paper had a significant influenge the spatial price
discrimination literature. However, in spite of thelevance of these three papers, their resulthatre
entirely related to the two stage location-pricengahat is the main object of this review.

Moreover, within this setting, the usual focus e$earchers is not the two-stage location-price game
Most of the papers present models in which thetiooeof both firms is fixed, and so the focus ie th
profit and price results of the firms, as well agial welfare for the agents in the linear city.this
subsection, the focus is on the papers that canérito explaining the location choice of firms.

A starting point is Hurter and Lederer (1985). Huthors state that the location of the plantsdéityathat
minimizes social costs is an equilibrium of the gaifihe reason is that every plant benefits larffeiy
having consumers that live close by, allowing th&nprice discriminate effectively among those
consumers without the “intrusion” of other plants.

An interesting exception is Anderson and de Palb®88), who study the case where the products are
assumed to be heterogeneous regarding consumes.taldtey conclude that, when the degree of
heterogeneity is zero, the model is equivalent totét and Lederer (1985)'s model and the location
result is the social optimum. However, as the degrfeheterogeneity rises, both firms move away from
the city centre. But a further increase in the fugteneity brings the firms closer, and after a give
threshold, agglomeration at the centre is an dayuilin of the two-stage location-price game. This-no
linear behaviour happens because of two oppodieetef when the degree of heterogeneity incredises,
concept of market areas becomes blurreda consumer may prefer the firm located on the leftile
another consumer located to the left of the fitsuimer may prefer the firm to its right. This makiee

firms more competitive, and so they prefer to défdiate more in order to lessen price competition.
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However, as the degree of heterogeneity growscseffily, firms gain more monopoly power, as changes
in prices become less important in defining eacm’§ demand, which causes firms to locate closer to
each other. This last effect is similar to the observed by De Palnet al. (1985) and Ben-Akivat al.
(1989).

The paper of Andersoet al. (1989) provides a comparison between the profits @rices in different
pricing schemes for the firms when products aregerously heterogeneous in the eyes of the consumers
Although the locations are fixed, one can concltidg when in a duopoly, the profits for the firmwda
total social surplus are both higher in a mill prgcthan in a price discrimination setting for aralue of
products’ heterogeneity.

Although they focused more on finding the equilifoni conditions in a circular market setting (a disc)
Lederer and Hurter (1986) proved that it is implolesfor two identical firms that are price discrirating

to be located at the same point in the marketesthis leads to zero profits for both firms. In g@me
line of research, MacLeacet al. (1988) allow the firms to choose the number ofegdo build in a linear
city. After concluding that there is a Nash Equililon at the price sub-stage for every possibletlonaof

the plants, the location that minimizes social €asill remains an equilibrium of the game. In teraf

the number of firms entering the market, the awttaoe inconclusive, stating that: “In addition, fived
that equilibrium may generate the socially optife&kl of product variety, but may also produce mare
less product variety than is socially optimal” (Maodet al.,1988: 444).

In a short paper, Gupta (1992) examines whethersfistill locate at the socially optimum placeshe t
case of sequential entry. The paper states théheicase of two firms, the first mover will locati®ser

to the centre (0.4) while the second mover hasettlesat a greater distance from the central locati
(0.8).

Braid (2008), after a good summary of the resuitghie literature, models a two-stage location-price
game in which consumers have an exogenous pregefetiter than location) over the goods of the firms
The author concludes that firms choose to locatharsocially optimum locations for the model.

To conclude this subsection, we can state thalodaion results for the game when firms are alldwe
price discriminate against the consumers, accorttifgerature, tend to be around the socially ioypitin
values. This seems to happen because of two effactthe one hand, each firm is interested in ingat
as far as possible from its opponents, allowingetiel price discrimination against the consumeas th

are, in a sense, exclusive to the firm; on therdtlaed, what keeps the firms from settling at thieeanes
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of the market is that they are responsible for pgyhe transportation costs of the good. Therefiomras
want to locate in a place that minimizes their $gortation costs when transporting the goods to the
potential demand. These two effects lead to thegittforward conclusion that in a duopoly in whitie
linear city model is symmetric in all its chara@gécs,i.e. in which neither side or firm has an advantage,
firms share the market evenly and locate in thedmeiaf their market areas, which coincides with the

socially optimum result that minimizes the trangption costs of the economy.

3.3 Cournot Competition

This review will now deal with the two-staged Idoat game in which firms compete a la Cournot (in
quantities), instead of competing a la Bertrandn@grices), at the second stage. Hotelling origyna
created this game with price competition and mathe is why this assumption is the one most
frequently made in the literature.

The assumption of competition in quantities is liguass realistic than competition in prices whea
think about competition among firms. The price @fad is an important determinant of the demand for
it in most cases, while the quantities placed imarket seem to be a more indirect determinant of
demand. However, in modelling non-spatial duopadges, the Bertrand (1883) model produces less
realistic results than the Cournot (1897 [1838]deilo

In some industries, however, competition in quétiis a better assumption than competition ingstic
the Cournot assumption is more appropriate for etarivhere quantity is less flexible than priceaathe
market point (Anderson and Neven, 1991; Pal andg@a2002), and also when there are significarg lag
between the production decision and the pricerge{tHamiltonet al, 1994). It is not a surprise, then,
that some authors have decided to analyze theds kirlocation games.

It should be stressed that Cournot competition shemme significant differences relative to the Berd
competition case. In the two-stage location-quargéme, firms select their location simultaneoussty
then choose the quantities supplied. However, atst#tond stage, instead of setting a quantityhfer t
whole market and waiting for the consumers to traweheir store (as in the Bertrand case), each fi
chooses to supply a quantity for each locationhia tity (similar to the spatial price discriminatio
setting, applied to quantities), which implies tlla¢ combination of quantities chosen by each finm
each location determines the price of the goodathdocation. Thus, a Nash equilibrium is definéd a

this second stage when for all locations in thg, @il the firms set a quantity such that thereas a

15



single firm that wishes to change its quantity wiéd, given the quantities delivered by other $irfre.
there must be a Nash equilibrium in all the loaagiof the city).

As the reader may have noticed, the agents thatrpagportation costs within this framework are the
firms, as they have to take the good to each logat the city. This framework can be better untberg

if we think that firms compete in a typical Cournsgtting in every location of the city, with their
“marginal costs” equal to the price of the goodspiue cost of delivering the good to the choseatlon.
The profits of the firms will be the sum of the ultsg profits in all locations of the city.

In terms of results, this different framework haswnimplications. In Bertrand competition with a kil
price setting, firms have their own market areasedaon the existence of an indifferent consumer. In
quantity competition, firms compete in every looatiof the city in a typical Cournot setting. Thenef,
instead of having a “market area”, both firms mail their homogenous good everywhere in the city,
which seems to provide a more realistic result.

Additionally, the assumption of inelastic demandsirioe dropped, since competition in quantities woul
result in corner solutions in which the price wolld infinite, somewhat analogous to the zero-profit
condition in Bertrand competition (Hamiltet al, 1989).

Greenhut and Greenhut (1975) adapted the settisgaifal price discrimination, allowing for moreath
one firm competing in the market. Although not dihg based on the Hotelling framework, firms select
quantities when interacting with each other. Tlapgr derived the profile of the delivered priceesiiile,
paving the way for future studies into Cournot Cetitfpn.

The baseline case used in this section will be dh&tamiltonet al. (1989), which compared the case of
price and quantity competition. The authors corelthtat in the framework of quantity competition; fo
all values in which there exists a solution, firm#l always agglomerate in the central locationtioé
city. This is in contrast with the case of pricempetition, in which firms never agglomerate for any
feasible range of values for transportation cagten exactly the same assumptions.

Anderson and Neven (1991) extend these resultstumyiang the equilibrium conditions of this two-
staged location game. Ensuring that the reservattime is high enough such that in all locationsrgv
consumer buys from both firms, they conclude tha¢mvthe demand is linear and transportation costs a
convex, there is a unique equilibrium in the gamkere both firms locate at the centre of the market
Furthermore, for any changes in the demand ortcassportation functions, any location equilibriim

this game must involve symmetric locations betwians.
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Later, Chamorro-Rivas (2000a) relaxed the assummtidnigh reservation prices and found that fordow
reservation prices, the agglomeration equilibritntha centre ceases to be unique, although iilisast
equilibrium. For even lower reservation prices, 8gsiet al. (2007) find that the central agglomeration
location is no longer an equilibrium result. Theique equilibrium found is a dispersed symmetric
equilibrium. Therefore, agglomeration does not halten the reservation price (transportation casts)
too low (or high).

Hamiltonet al. (1994) examine the two-staged game of locationcarahtities with Cournot competition
where consumers pay the linear transportation cdetshis framework, there is no pure strategy
equilibrium in quantities for all possible locat®aof the two firms (see Hamiltat al. (1994), p. 913, for

a very intuitive graphical explanation). Howevesnsidering only the case for symmetric firm locasip
the authors solve the two-stage game and conchatefitms locate very near to the centre, where low
values for transportation costs pertain, even thatsecond stage mixed strategies are played.

The following three papers, in line with the Benslacompetition strand, changed some assumptions
regarding firms’ and consumers’ conditions for @tieg in the market.

Mayer (2000) introduces the assumption of diffeq@mtduction costs throughout the city, meaning that
the location of the firms also matters in relatiorthe cost structure for the production of thedgadrhe
main result is that if the global convexity of thoduction cost distribution holds, there is an
agglomeration equilibrium result between the minimoost location and the centre. Depending on the
cost distribution of the city, firms face a tradéJoetween the demand effect and the diminutiorthef
marginal cost of production. However, they may afijglomerate even if it is not at the central taoa
Guptaet al. (1997) change the distribution of consumers indibgusing a consumer density function, in
a similar way to Andersoet al.(1997), in the case of price competition. Theyatode that in the case of
two firms, non-agglomeration cannot occur if thepplation density is sufficiently “thick” for all pots

of the city. Also, the agglomeration equilibriumufal is unique.

Shimizu (2002) introduced product differentiationio the Hamiltoret al. (1989) framework. However,
the main location result does not change: the akaggglomeration equilibrium is unique for any dsgr
of differentiation of the product.

Extensions also appeared in the case of competitithin n firms. Anderson and Neven (1991)

concluded that all firms agglomerate at the cergiegn linear demand and linear transportations;ost
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while Guptaet al. (1997) proved that agglomeration is the uniqueilibgium if the non-uniform
consumer density is not too “thin” along the linedy.

Pal and Sarkar (2002) introduced the interestirgg aghereby two firms compete by having more than
one storej.e. they can choose more than one location in the €i main conclusion is that if the two
firms have the same number of stores and the deiisacmhsiderable in relation to transportation spst
both firms choose their monopoly locations, thudiplly agglomerating in the city. The results the
case where firms have a different number of steaeg significantly depending on the numbers invdlve
Regarding Cournot competition, more recently Ched hkai (2008), in a similar way to Lai and Tsai
(2004), extend the literature by analyzing the @ffeof zoning regulations on the optimal decisiofhs
firms; Wang and Chen (2008) introduce the hiringwafrkers by firms and analyze the equilibrium
conditions with wage bargaining.

We can see that fewer assumptions from the Hogettindel in the location-quantity game were changed
throughout time compared with the location-pricenga This is one proof that the literature on price
competition is more developed and that it is treulteof the high attention that location theorists/e
paid to this kind of competition, seeking to satkie Bertrand paradox.

To sum up regarding quantity competition, one cag that in these modela la Hotelling, the
conclusions are similar to those relating to IndasOrganization: Cournot competition has lesdiséa
assumptions, such as the delivered price settinlgtlae competition in quantities itself, which isde
realistic than competition in prices; however, thesults are more realistic, as the agglomeratisnlire
may be obtained more easily, and it is a factfilais sell everywhere in the city, in contrast witle less

realistic result of a “market area” for each firm.

3.4 Non-linear markets

One of the lines of research that followed Hotgll{{1929) abandons the assumption of a linear market
while remaining in the two-stage location-pricenfi@wvork.

Why should one work on circular markets? First bf i is interesting to analyze the results foeth
location of firms, given that there are no extrenimethe market. One can see that in the circulaketa

no location isa priori better than another, which is not the case inalimaarket models (Guptt al,

2004). Secondly, there are some markets that mégtber represented by a circular market, for imsta
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time-dependent markets, such as television compami® must choose time slots to broadcast their
programmes (Guptet al, 2004).

Salop (1979) varied the Hotelling framework by assg that consumers are located on a circle rather
than on a line segment, although his paper is fitst to assume a circular city model (see \&gkr
[1999 (1964)] or Eaton and Lipsey (1975) for anyeeaference). The choice of this city specificatis

due to allowing the "corner" difficulties of the original Hotellingnodel to be ignoréd(Salop 1979:
142). This paper does not undertake an analydiseofivo-stage location game, because it takesitocat
as given. However, it is important as a startinqipfor all the subsequent two-staged game analgsis
circular markets.

In the context of spatial price discrimination, keeer and Hurter (1986) conclude that when firmsehav
identical marginal costs and transportation rathes, agglomeration result cannot be an equilibrium.
Moreover, when firms are not identical, the equilim involves both firms being located on the opfos
side of the diameter of the circle when the maikegiven by a disc.

In a short paper, Pal (1998) introduced the circalarket into the two-stage location game in ortder
prove that Cournot competition does not yield spatgglomeration in all situations. He concludeatth

in equilibrium, two (or more) firms will locate eiglistantly from each other on the city circle, whis a
maximum differentiation result. Matsushima (200%)eaded the conclusions to the case of n firms and
proved the existence of partial agglomeration dgpiilm, that is, half of the firms agglomerate giaint

and the other half agglomerate at the diametriagiyosite point of the circular city.

Chamorro-Rivas (2000b) extended the analysis far firms that can have more than one plant. In the
case of two firms and two plants, the conclusioth& in equilibrium, the plants will be locatedeach
quarter of the market, with each firm setting if@ns at diametrically opposite points.

Guptaet al (2004) take an important step in the study ofuwar markets, by identifying multiple
equilibrium locations for a given number of firms,which the findings of Pal (1998) and Matsushima
(2001) are included. The highlight of the resulistiie existence of a huge number of equilibrium
locations, though none of them involves agglomeratf all firms at the same point. An interestiegult

is that in the case of an even number of firms,egllilibrium situations yield equal profits and atju
consumer surpluses.

Matsumuraet al (2005) extend the previous framework by assunmioglinear transportation costs.

However, the paper considers the existence ofifmlated markets in the city rather than a continuf
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consumers. The main objective was to assess wijalitgium (Pal, 1998vs. Matsushima, 2001) was
the more robust, by checking its existence, givéfer@nt configurations of the transportation cost
function. It is shown that in the case of simul@meentry, the location pattern identified by Radlways

an equilibrium, while the one identified by Matsimsh only occurs if the transportation costs are"tom
concave or too convex”. In the case of sequentiafye the location pattern of Pal is the unique
equilibrium if the transportation costs are noredn Therefore, dispersion equilibrium seems more
robust than partial agglomeration equilibrium.

There are a number of variations of the Salop Grccity model. For instance, Brueckretral. (2002)
distribute the firms and the skills of the workers circular city, adapting the framework to thedy of
labour markets; and Arakawa (2006) applies the érmark to studying the location problem of shopping
centres.

In short, the conclusions arising from the assuomptf circular markets are quite different fromsho
found in the previous sections of this review. Thain differences are that while a unique equiliteriu
was easier to find in a linear market setting, mldtequilibria often arise in a circular marketoMover,
agglomeration of all firms in one location is newagr equilibrium outcome in circular markets, in @i

at most partial agglomeration arises.

A different type of market is studied by Braid (898who examines the two-stage location-price game
along intersecting roadways, and concludes thaetiseno equilibrium in the first stage of the garioe
any number of firms. Another possibility is to caes triangular consumer densities in one dimeradion
models. Tabuchi and Thisse (1995) showed thatifntiodel of d’Aspremont et al. (1979) is extended to
allow firms to locate outside the unit intervaleththe symmetric location pattern (-1/4, 5/4) isaoied,
but if the model is further extended to allow a syatric triangular consumer density with a peakhia t
middle of the unit interval, then there are twogibte location patterns, both asymmetric: (-0.27.880)
and (0.320, 1.272). In a slightly different appimadsai and Lai (2005) assume a market in which
consumers are located uniformly in three diffelards that form a triangle. Firms are restricted¢hoose
their location in only one of the lines, denotedtlas “main street”. However, similarly to Tabuchida
Thisse, firms are also allowed to locate outsidehef interval that forms the “main street” line.rRo
symmetric triangle, the authors conclude that fitotate in the location pattern (-1/4, 5/4), simjlato

the uniform distribution case and contrary to tinelihgs of Tabuchi and Thisse for a symmetric milan
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3.5 Incomplete Information

Now we shall turn to a more recent strand in ttexdture, dedicated to studying the location elgritim

of firms in cases where the agents do not havesgieififormation about the game. As is known, the
assumption of perfect information is quite unrdajsas firms usually do not know the precise cost
structure of the other firms or even the tasteshef consumers regarding their product and other
competitors’ products. The literature on this saobjeill differ depending on the type of lack of
information assumed.

In some of the following models, location is usyalbserved by all the firms and therefore it iscubg

the incumbent or by the first mover as a signah®other firms of its cost structure or the quatif its
good, previously determined by “nature”, which niegydefined as a signalling game (Macho-Stadler and
Perez-Castrillo, 2001).

Boyeret al. (1994) study the case of sequential location dmtiswithin a delivered price setting, where
two firms choose their locations and afterwardsrtheces in a context of asymmetric productiontsos
Firm 1 first chooses its location having either @gor lower marginal costs with a given probability
Asymmetric information arises because firm 2 does know the marginal costs of firm 1 before
choosing its location. Therefore, location for firinis used as a signalling mechanism for its cost
structure.

When the difference between the marginal cost®ws b unique refined separating Perfect Bayesian
equilibrium (PBE) exists, with firm 1's location ing closer to the centre compared to the case of
complete information when it has both low and higists. However, when the difference between the
efficiency of high and low cost firms becomes toarked, the only refined PBE is pooling, and the
incumbent finds it more profitable to locate in ts@me place independently of its cost efficienty. |
position in the linear city will depend on the leédi of firm 2 that firm 1 is a lower cost firm.

Later, Boyeret al (2003a) developed a similar model, but with a ilting setting. In this case, there is
a unique separating equilibrium if firm 1’'s possildlisadvantage is not great enough or if it's puesi
advantage is very significant, which implies thaghhcost firm 1 locates at the extreme and the dost
firm moves progressively to the centre as its fssadvantage is great, while firm 2 locates atatieer
extreme. If the relative advantage is not too Way €ither of the sides), there is a unique pooling

equilibrium at the extremes of the city for bottnfs.
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In a similar case, Boyeat al. (2003b) study the case where there is an incumibkatmight have a high

or low marginal cost and an entrant who has tod#ediit will enter the market. However, the entran
does not know the true cost of the incumbent, wailtbws the latter to use location as a signalling
mechanism. Agglomeration equilibrium never occtos, both delivered and mill price settings. This
happens because in the pooling equilibrium, therimzent chooses a central location, preventing the
entry of the second firm, while for the separatuagilibrium, whenever the incumbent chooses a iocat
closer to the centre it is because it is a low-fiost, thus pushing the entrant to the other exererhthe
market.

The following models have problems of lack of imf@tion, but have a different modelling perspective,
other than the signaling game explained by Maclaaigt and Perez-Castrillo (2001).

Vettas and Christou (2005), allowing for verticaffetrentiation, study Hotelling’s two-staged loaati
game. Two firms know the existing quality differengetween them, but do not know who has the better
quality, which is a problem of lack of informatiolm the first stage they decide on their locatiomkile

in the second they know the relationship betweeh boalities and so compete in prices.

If there is no quality difference between the firni® results for the location game are the sanbaae
shown by d’Aspremonet al. (1979). As the quality difference grows, firmsdeto draw close to the
centre. This mechanism occurs because firms conpetéces, which implies that the equilibrium préc
when the firms are agglomerated are exactly théityuhfference for the firm with the higher qualiand
zero for the other firm. Therefore, there is areimttve to agglomerate if this quality differenceébing

the transportation cost constant) improves, becthesgossible monopoly profits are very high in the
case of a firm with better quality.

In a rather different setting, Aiura (2010) studies equilibrium locations of three firms when lboa is
decided sequentially among them. That is, the ghasethree stages, at the first stage of which firm
chooses its location and so on until all the tHiiees have chosen their locations. Prices are fixeuch
implies that maximizing profits is equal to maxiing demand. The linear city is [-1, 1], but the
consumers of the good are only locatedirbf-1], with 6 belonging to the interval between -1 and 0. The
asymmetric information problem arises because fidosnot know6 when choosing their locations.
However, the subsequent firms can observe the d¢wfthose that have already chosen their location,
thus updating their beliefs abo@it Although this is not a classic problem of infotioa presented in

microeconomics, it is very similar to a signalinglplem.
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The Perfect Bayesian Equilibrium result is thamfif locates in the centre, firm 2 also locateshim t
centre and firm 3 unambiguously chooses to load#iaiiesimally to the left or right of both firm3.he
rationale is very intuitive: firm 1 chooses the ualthat is expected to capture the maximum demand
possible in the future. Firm 2 chooses the sanferasl in order not to provide firm 3 with any kiraf
information. Firm 3, since it does not know anythabout the true location 6f will randomly choose to
capture one of the two sides of the market. Theeefagglomeration equilibrium at the centre of ¢hg
occurs in this interesting case.

The following model by Valletti (2002) is a typicehse of adverse selection. The consumer has @rivat
information before the purchase of the good andetbee the firm has to design different goods and
prices for each type of consumer (Macho-StadlerRerdz-Castrillo, 2001).

Valletti (2002) builds a model where consumers distributed within a linear city but there is alao
vertical component, determined by the quality of tjpod. In each location, there are two types of
consumers: the ones who prefer a high-quality pebdod those who prefer the low-quality one.
Therefore, the two-stage location game played k& dboopoly firms is slightly different from the
Hotelling location-price game. Firms in the firstripd choose their location but in the second gerio
firms offer discriminatory contracts, as is usumathe case of principal-agent problems.

The conclusions regarding the locations in the $tage location game depend on the ratio between the
high-quality and the low-quality goods demandedthgy consumers. However, firms’ locations will
always be close to the socially optimal levelsday value of this ratio. The main changes thaed#fit
values for the ratio induce are in the distributidrthe surpluses between the firms and the consume

To conclude, the agglomeration results in thigaiiere seem to depend heavily on the type of asyniane
information assumed. Models without the standagtifigation of asymmetric information are able more
easily to find conditions for agglomeration of firens.

Within a different framework, Rusco and Walls (19®@velop an auction model, in which two firms
located at the extremes of the market competehfoptirchase of some good, which is randomly located
somewhere within Hotelling’s linear city. The gahees two stages: in both stages, firms participatmi
auction in order to acquire the good. The mainuieabf the model is that the firm that wins thestfir
stage will have an expected lower utility in thea®d stage auction. The imperfect information issue

arises because firms do not know where the secuoatiba will take place, which will condition their
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behaviour at the first stage, since if they lose first auction they will have a relative advantaxyer
their opponent in winning the second auction.

Although this approach does not reach any conahgsiegarding the location of the firms, its intéires
framework may be developed in order to explainltieation behaviour of firms when participating im a

auction.

4. CONCLUSION

After the appearance of the Hotelling (1929) maoaledl the important findings of d’Aspremoet al
(1979), scientists had access to a simple and ssitdeneans of introducing a spatial component fihéo
modelling behaviour of economic agents. This revieas focused on the developments that were
intended to explain the equilibrium locations o tfirms, mainly when competing in a duopoly.
However, many successful variants of this frameweeke used to justify spatial price discriminatamd
different market specificities, to furnish two exales.

In the 80s, this field became a hot topic for redleaThere are numerous applications of the Hoiglli
model, which mainly focus on changing the framewaslsumptions. The field developed significantly
with the successful modelling experience of Hamilea al (1989), which allowed for competition in
quantities.

More recently, Pal (1998) combined the circulanfeavork of Salop (1979) in order to study the lomati
decision of firms. In addition, the development tife asymmetric information framework in
microeconomics and its successful adaptation tocthr@ext of spatial competition again led to the
extension of the field. However, these last appneadid not receive similar attention.

After a brief look at the numerical exercise domeséction 3.1, it would seem that most of the irtgoatr
features that justify the spatial behaviour of frimave already been explored. The future of thd fie
depends on the researchers’ capacity to find aan(enore) interesting and innovative way of studying
spatial competition. There is a high proportionspftial competition modela la Bertrand ora la
Cournot, compared with the most recent assumptlaits out in this review. In that sense, future
researching efforts in spatial modelling shoulchi@le in the incomplete information setting.
Furthermore, researchers could intensify the wmtatiip between spatial competition and Industrial

Organization. For example, spatial competition npagvide a more complete answer in relation to
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vertical differentiation/integration of duopoly firs or to the R&D investment decisions by firmslite

with the seminal work of d’Aspremont and Jacque(hi®88).
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Figure 1 — Number of articles on Spatial Competitia, 1979-2011
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Figure 2 — Published articles on Spatial Competitio (% of total Scopus), 1979-2011
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Table 1 — Top authors in Spatial Competition, 1972011

Author Number of articles Citations per article
Thisse, J.F. 8 28.38
Colombo, S. 8 1.75
Pal, D. 7 21.57
Matsushima, N. 7 11.14
Braid, R.M. 7 3.29
Gupta, B. 5 16.60
Matsumura, T. 5 10.60
Norman, G. 5 5.20
Economides, N. 4 30.00
Tabuchi, T. 4 29.00
Sarkar, J. 4 21.75
Hamoudi, H. 4 14.00
Lai, F.C. 4 11.75
Lambertini, L. 4 7.50
Straume, O.R. 4 7.00
Meagher, K.J. 4 4.00
Sanjo, Y. 4 3.25
Adams, J. 3 18.67
Yu, C.M. 3 15.67
Mai, C.C. 3 11.67
Brekke, K.R. 3 8.00
Rothschild, R. 3 7.33
Thill, J.C. 3 6.67
Zauner, K.G. 3 5.00
Sexton, R.J. 3 4.67
Georgantzis, N. 3 2.33
Chakrabarti, A. 3 1.33
Grofman, B. 3 1.33
Merrill, S. 3 1.33
Aiura, H. 3 0.67
Andaluz, J. 3 0.67
Evrenk, H. 3 0.67
Matsubayashi, N. 3 0.33
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Figure 3 — Authors’ affiliation, 1979-2011
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Table 2 — Top journals in Spatial Competition, 1972011

Journals Number of | % of total Spatial | 5-year impact
articles Competition factor
Regional Science and Urban Economics 45 12.78% 1.612
Economics Letters 34 9.66% 0.627
International Journal of Industrial Organization 30 8.52% 1.247
Public Choice 12 3.41% 0.996
Papers in Regional Science 10 2.84% 1.638
Economics Bulletin 10 2.84% N.C.
Journal of Economics Zeitschrift Fur Nationalokonomie 10 2.84% N.C.
European Economic Review 9 2.56% 1.775
Journal of Regional Science 7 1.99% 1.391
Journal of Industrial Economics 7 1.99% 1.678
Journal of Urban Economics 7 1.99% 2.607
Social Choice and Welfare 6 1.70% 0.716
Journal of Economic Theory 6 1.70% 1.511
Economic Theory 5 1.42% 0.932
Games and Economic Behavior 5 1.42% 1.503
Journal of Economics and Management Strategy 5 1.42% 1.656
Research in Economics 5 1.42% N.C.
Shanghai Jiaotong Daxue Xuebao Journal of Shanghai 5 1.42% N.C.
Jiaotong University
Annals of Operations Research 4 1.14% 1.223
European Journal of Operational Research 4 1.14% 2.512
B E Journal of Theoretical Economics * 3 0.85% 0.303
International Journal of Health Care Finance and 3 0.85% 0.415
Economics *
Mathematical Social Sciences 3 0.85% 0.561
Applied Economics 3 0.85% 0.740
Annals of Regional Science 3 0.85% 0.984
Mathematical and Computer Modelling 3 0.85% 1.166
Marketing Science 3 0.85% 2.996
Management Science 3 0.85% 3.966

* 2010 impact factor
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Figure 4 — Research paths in Spatial Competition
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