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ENDOGENOUS FIRM LOCATION WITH A DECREASING
DENSITY OF CONSUMERS
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Abstract:
This note will use the Hotelling’s line model with a non-uniform distribution of consumers.  Instead, a
linear, decreasing density is employed to represent a decreasing population density as distance from
a metropolitan area is increased along some transportation artery. Entry is sequential, and the
number of firms is assumed endogenous after an initial firm is located, making the entrants consider
the possibility of later firms. Entrants into this market have neither maximum nor minimum
differentiation. Earlier entrants generally locate closer to the population center with the possible
exception of the equilibrium location closest to the densest point on the line.  The differentiation
increases as the firms are farther from the population center.
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Introduction 
Firms do not  necessar i ly locate in  metropol i tan areas,  but  somet imes locate 
near  them. As f i rms locate c loser  to the metropol i tan area,  the number of  
potent ia l  consumers increases,  but  so wi l l  the compet i t ion f rom other  f i rms. 
Entrants,  therefore,  wi l l  want  to balance the increase in the c loseness of  
potent ia l  consumers wi th the expected in crease in the c loseness of  other  f i rms. 
This paper  wi l l  use a modif ied  Hotel l ing ’s  l ine model  (Hote l l ing,  1929)  to 
examine entrants ’  behavior  when the populat ion density decreases as the f i rm 
locates far ther f rom the populat ion center,  as might  occur  a long  a 
t ransportat ion ar tery.  
 
There has been a great  deal  of  work on the locat ion/product  d i f ferent iat ion 
f ramework proposed by Hotel l ing ,  and there have been many extensions  ( for  a 
summary,  see Biscala and Mota,  2013) .  For  one re levant example,  Prescott  
and Visscher (1977)  int roduced sequent ia l  entry .  They found mult ip le 
equi l ibr ia,  but  these inc luded equal  spacing of  three f i rms wi th the ear ly 
entrants located outs ide the last  entrant .  Neven (1987)  later  a l lowed sequent ial  
entry,  f ind ing that  ear ly entrants wi l l  locate systemat ical ly around the center .  
However,  that  work  assumed a uniform  distr ibut ion of  consumers  and quadrat ic 
t ransportat ion costs.   

 
Usual ly,  the consumers in the Hotel l ing  l ine model  are assumed to be 
d istr ibuted uniformly.  A few papers,  however,  have examined non-uniform 
consumer d istr ibut ions.  Shi lony (1981) and Azar (2015) looked at  duopol ists ’  
g iven locat ions,  and examined the pr ice compet i t ion.  Others (Neven,  1986; 
Tabuchi  and Thisse,  1995;  Anderson, Goeree,  and Ramer ,  1997;  and Meagher,  
Teo,  and Wang, 2008)  looked at  locat ions,  but  examined duopol ists  and 
s imultaneous entry .  Calvó-Armengol  and Zenou (2002)  considered more than 
two f irms,  but  an exogenously g iven number  and st i l l  s imul taneous entry .  Their  
work  a lso ut i l ized a c ircular  locat ion model.  Loertscher and Muehlheusser 
(2011)  is  one of  the few to consider  endogenous entry wi th non-uniform 
consumer d istr ibut ions.  The current  paper  uses a part icu lar ,  asymmetr ic 
d istr ibut ion,  but  a l lows an endogenous number  of  f i rms to enter  seque nt ia l ly.  I t  
is concerned wi th the locat ion pattern and the sequence of  entry of  the f i rms.  
 

Model 
Consumers are d is tr ibuted over  a l inear  space,  [0, / ] ,  wi th  density g iven by 

the funct ion d =   – x,  where x is the locat ion of  the consumer.  Each 
consumer buys a quant i ty of  one at  the exogenously g iven pr ice and wi l l  
min imize t ransportat ion costs by purchasing f rom the c losest  f i rm.  Formal ly,  a 
ut i l i ty-maximizing consumer at  locat ion x who is  buying f rom a f i rm at  locat ion,  
x i ,  wi l l  have a ut i l i ty of   
 

(1)  𝑈 𝑥, 𝑥𝑖 =   
𝑠 −  𝑃 + 𝑡 𝑥 − 𝑥𝑖  𝑄 𝑖𝑓 𝑄 ≥ 1; 𝑎𝑛𝑑

0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒,
  

 
where s is  the consumer ’s  reservat ion pr ice,  P is  the mi l l  pr ice,  and t  is  the 
coeff ic ient  y ie ld ing  a l inear  t ransportat ion cost .  Fol lowing the l i terature,  the 
reservat ion pr ice,  s ,  is  assumed high enough that  a l l  consumers wi l l  buy.  Since 
the del ivered pr ice ( the mi l l  pr ice p lus the t ransportat ion cost)  is  posit ive,  the 
consumer wi l l  not  choose a Q greater than one.  
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Prof i t -maximizing  f i rms locate sequent ia l ly a long the space.  The number of  
f i rms is  endogenous.  F irm 0 is  assumed to have entered at  locat ion x 0  =  0  
before the game beg ins .  For  s impl ic i ty,  assume al l  costs  of  product ion are 
zero,  but  there is a cost  of  entry,  F.  Without loss of  general i ty,  t he f i rms are 
assumed to have a common pr ice of  P = 1.  Af ter  a l l  f i rms have located,  the 
consumers purchase f rom the f i rms.  Because of  the common pr ice,  the lowest 
del ivered pr ice a consumer  faces is  f rom the c losest  f i rm regardless of  the 
value of  t .  This  great ly eases computa t ions s ince Q = 1 for  each consumer,  P = 
1,  and t  does not af fect  the decis ions of  the f i rms or  the consumers.  
 
Def ine the subscr ipts  for  the locat ions,  {x 1 ,  x2 ,  …, xN } ,  such that  x 1  ≤ x2  ≤ …≤ 

xN .  An inter ior  f i rm located at  𝑥𝑖  would have prof i ts  g iven by 
 

(2)  𝜋𝑥𝑖
=   𝛼 − 𝛽𝑥 𝑑𝑥 − 𝐹

𝑥𝑖+𝑥𝑖+1
2

𝑥𝑖−1+𝑥𝑖
2

.  

 
Since the density funct ion is  l inear,  this  space is  a t rapezoid,  and the prof i ts 
can a lso be wr i t ten as 
 

(3)  𝜋𝑥𝑖
=  

𝑥𝑖+1−𝑥𝑖−1

4
  2 ∝ −

𝛽

2
 2𝑥𝑖 + 𝑥𝑖+1 + 𝑥𝑖−1  − 𝐹.  

 
For  ease of  exposit ion,  i t  might  be easier  to look  separate ly at  the revenue 
f rom the consumers to the f i rm’s lef t  and the revenue f rom the consumers to 
the f i rm’s r ight .  These revenues are denoted as the “ lef t  revenue”  (LR)  and the 
“r ight  revenue” (RR).  These revenues would be g iven by  

 

(4)  𝐿𝑅𝑥𝑖
=   𝛼 − 𝛽𝑥 𝑑𝑥

𝑥𝑖
𝑥𝑖−1+𝑥𝑖

2

 

 
or  (s ince i t ,  too,  is a t rapezoid)  
 

(5)  𝐿𝑅𝑥𝑖
=  

𝑥𝑖−𝑥𝑖−1

4
  2 ∝ −

𝛽

2
 3𝑥𝑖 + 𝑥𝑖−1  ,  

 
for  the lef t  revenue, and  
 

(6)  𝑅𝑅𝑥𝑖
=   𝛼 − 𝛽𝑥 𝑑𝑥

𝑥𝑖+𝑥𝑖+1
2

𝑥𝑖
 

 
or  (s ince i t ,  too,  is a t rapezoid)  
 

(7)  𝑅𝑅𝑥𝑖
=  

𝑥𝑖+1−𝑥𝑖

4
  2 ∝ −

𝛽

2
 3𝑥𝑖 + 𝑥𝑖+1  ,  

 
for  the r ight  revenue (as in Figure 1).  
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Figure 1:  Left  Revenue and Right Revenue for Firm i  
 

 
 

Results 
The equi l ibr ium set of  locat ions is such that  the r ight  revenue of  each f i rm is 
exact ly equal to the cost  of  entry,  F.  In other words,  each f irm is located so 
that  i t  would not  be prof i table for  an N+1 t h  f i rm to locate to i ts  r ight .  
 

Proposit ion 1:   The equi l ibr ium is   𝑥1, 𝑥2 , … , 𝑥𝑁  such that :  
 

(8)  𝑅𝑅𝑥𝑁 =  
1

2
  

∝

𝛽
− 𝑥𝑁  𝑥𝑁 − 𝛽𝑥𝑁 = 𝐹;  

 

(9)  𝑅𝑅𝑥𝑁−1
=  

𝑥𝑁−𝑥𝑁−1

4
  2 ∝ −

𝛽

2
 3𝑥𝑁−1 + 𝑥𝑁  = 𝐹;  

 
and so on unt i l  
 

(10) 𝑅𝑅𝑥1
=  

𝑥2−𝑥1

4
  2 ∝ −

𝛽

2
 3𝑥1 + 𝑥2  = 𝐹;  and  

 

(11) 𝑅𝑅𝑥0
=  

𝑥1−𝑥0

4
  2 ∝ −

𝛽

2
 3𝑥0 + 𝑥1  ≤ 𝐹.  

 
Proof :  
The equi l ibr ium must conta in f i rms located at  these points.  
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I f  RRX N  >  F,  then there exists  a locat ion xN + 1  =  xN+    such that  RRX N + 1  =  F and 
LRX N + 1  >  0.  Therefore,  i t  is  not  an equi l ibr ium for  the f i rm far thest  to the r ight  
to locate at  that  locat ion,  x N .  
 
I f  RRX N  <  F,  then there are two possib i l i t ies  for  the f i rm’s tota l  revenues 
(TRX N ) :   TRX N  < F or  TR X N  ≥  F.  F irst ,  i f  TR X N  <  F,  then i t  is  not  an equi l ibr ium 
for  the f i rm to have entered at  a l l .  I f  TR X N  ≥  F (and RR X N  <  F),  then LR X N  >  0.  I f  

the f i rm instead chooses locat ion x N ’  =  xN  –    so that  RR XN ’  < F  and x N  > xN - 1 ,  

then TR XN ’  > TR X N .  The f i rm could gain consumers by moving to the lef t .  Thus ,  i t  

cannot be an equi l ibr ium for  RR X N  < F .  

 

Therefore ,  RR X N  = F ,  and equat ion (8 )  holds.  

 

Simi lar ly,  i f  RR X N - 1  >  F,  then a locat ion,  x N ’ ,  exists  so that  a f i rm could locate 
where x N - 1  <  xN ’  <  xN ,  and RRX N ’  = F and LRX N ’  >  0.  Thus,  i t  is  not  an 
equi l ibr ium for the f i rm second f rom the r ight  to locate so that  RR X N - 1  > F.    
 
I f ,  on the other  hand,  RR X N - 1  <  F,  then e ither  TR X N - 1  < F or  TRX N - 1  ≥  F.  
However,  TR X N - 1  <  F cannot  be an equi l ibr ium locat ion s ince not  enter ing  would 
be preferred.  I f  TR X N - 1  ≥  F and RRX N - 1  <  F,  Then LR X N - 1  >  0.  I f  the f i rm locates 

at  xN - 1 ’  =  xN - 1  –   ,  where RR X N - 1  ≤  F,  but  TR X N - 1 ’  > TRX N - 1 .  Since the density of  
the consumers is  l inear  and decreasing as we move away f rom locat ion zero,  a 
movement to the lef t  wi l l  not  change the width of  the f i rm’s market share.  I t  wi l l  
change the height ,  however  – increasing the tota l  revenue wi th a movement  to 
the lef t .  
 
Therefore,  RRX N - 1  = F,  and equat ion (9 ) holds.  
 
Simi lar ly,  for  a l l  f i rms,  the r ight  revenue must  equal  F.  Also,  however,  no N+1 t h  
f i rm could prof i tably enter.  Therefore,  equat ion (11) must a lso hold.  ■ 
 
These locat ions const i tute the Nash Equi l ibr ium,  regardless of  which f i rm 
locates at  which locat ion.  There is  neither  maximum nor  min imum 
dif ferent iat ion.  W hen the parameters are such that  only one f irm enters,  i t  does 
not  locate at  zero  (where the incumbent  is  located) ,  nor  at  the opposite 
endpoint .  W ith more entrants,  t he f i rms are re lat ive ly evenly spaced ,  except 
that  the d istance between f irms does increase as the f i rms locate far ther  f rom 
the lef t  endpoint .    
 
As noted by Loerscher  and Muehlheusser  (2011),  the equi l ibr i um locat ions are 
independent  of  the sequence of  locat ion select ion.  Consequent ly,  as f i rms 
enter,  they wi l l  choose the most  prof i table of  the equi l ibr ium locat ions that  is 
not  yet  taken.  For  the subgame-perfect  equi l ibr ium, the f i rms wi l l  general ly 
select  the equi l ibr ium locat ion far thest  to the lef t ,  wi th t he possib le except ion 
of  the locat ion nearest  to  Firm 0.  
 

Def ine the equi l ibr ium locat ions {x 1 ,  x2 ,  …,  xN } ,  such that  (x1 )  >  (x2)  >  …≥    

xN
 .  Not ice that  {x 1 ,  x2 ,  …,  xN}  is not  necessar i ly the same as {x1 ,  x2 ,  …,  xN} .  I t  

is  easy to show that  for  any two f irm locat ions except for  the one nearest  to  
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Firm 0,  the f i rm on the lef t  wi l l  have h igher  prof i ts.  The f irm locat ion nearest  to 
Fi rm 0 might  y ie ld prof i ts  approaching zero ( i f  i t  is  located very near  locat ion 
zero,  implying  the lef t  revenue is  c lose to  zero),  but  i t  might  a lso yie ld h igher 
prof i ts than any other locat ion,  depending on the parameters,  α ,  β ,  and F.    

 
The f irst  f i rm wi l l  choose to locate at  the locat ion far thest  to the lef t  or  the 
second to the lef t .  The next  f i rm wi l l  then locate e ither  far thest  to the lef t  ( i f  i t  
is  st i l l  avai lable)  or  at  the next  equi l ibr ium locat ion to the r ight  of  the f i rst  f i rm. 
Each succeeding f i rm locates at  e i ther  the locat ion far thest  to the lef t  ( i f  i t  is 
st i l l  avai lable)  or  the next  equi l ibr ium locat ion to the r ight  of  the f i rms before i t .   
 
Therefore,  there isn ’ t  the minimum dif ferent iat ion of  Hote l l ing  (1929)  or  
Xef ter is  (2013) ,  nor the maximum dif feren t iat ion of  d ’Aspremont  et  a l.  (1979) ,  
and especia l ly not  the more -than-maximum dif ferent iat ion of  Harter  (1996) .  The 
spacing of  the f i rms is  not  equal  (as assumed by Calvó -Armengol  and Zenou,  
2002).  Also,  unl ike Neven (1987),  the ear l ier  f i rms tend to loca te to the lef t  
instead of  near  the center  of  the space.  This  is  intu it ive s ince the density of  
consumers is greatest  on the lef t  instead of  constant.  
 
These results  mirror  those of  Loertscher and Muehlheusser  (2011) ,  where they 
point  out  that  lower  costs of  entry induce more f i rms to enter,  that  f i rms locate 
c loser  together  when consumer preferences are more dense,  and that  prof i ts 
tend to be h igher  in those areas where consumer preferences are more dense. 
Al l  three of  those results hold here.  

 
Proposit ion 2:   The unique subgame-perfect  equi l ibr ium is  for  the f i rms to 
choose the equi l ibr ium locat ions such that  F irm i  se lects x i ,  for  a l l  i .  
 
There is,  therefore,  a f i rst -mover  advantage as each f irm selects  the l ocat ion 
which yie lds the h ighest level of  prof i ts of  those remain ing.  
 

Example 
As an example,  and to  demonstrate the equi l ibr ium,  let    = 100,    = 2,  and F = 
225.  For  these parameters,  the equi l ibr ium locat ions are g iven in Table 1 
below (rounded to two decimal p laces) .  
 

Table 1:  Locations and Profits when   = 100   = 2,  and F = 225 
 

 
Locat ions  Prof i ts  Sequence  

x1  1.48  72.48  x6  

x2  6.24  213.70  x1  

x3  11.54  210.95  x2  

x4  17.63  206.45  x3  

x5  25.00  197.84  x4  

x6  35.00  175.00  x5  
 
 
Not ice that  the d istance between locat ions increases to t he r ight .  Each f irm is 
locat ing  so that  i ts r ight  revenue is  exact ly equal  to the cost  of  entry,  F.  
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Because the density of  consumers is  lower  for  f i rms located to the r ight ,  they 
can b lock of f  a larger  width.  Consequent ly,  the s ixth locat ion at t racts  a l l  
consumers f rom the locat ion 35 to the locat ion 50 fo r  i ts r ight  revenue.  The 
f irst  locat ion,  however,  is  only able to deter  ent ry f rom its  locat ion (1.48)  to the 
midpoint  between i t  and the next  f i rm (3.86) for  i ts r ight  r evenue.  
 
Not ice a lso that  the prof i ts are general ly decreasing to the r ight ,  except  fo r  x1 .  
Since each f irm is located so that  i ts  r ight  revenue is  equal  to the cost  of  
enter ing,  F,  i ts  prof i ts  is  s imply i ts  lef t  revenue.  The locat i on to the lef t ,  x 1 ,  
might  be far  enough f rom 0 that  i ts prof i ts  are h igher  than any other  locat ion.  
Al ternat ively,  the prof i ts  ar is ing  f rom the locat ion,  x 1 ,  might  be very c lose to 

zero.  In other words,  for  > 0,   > 0,  and F > 0,  0 <  (x1)  < F .  

 
In the subgame perfect  equi l ibr ium for these parameters,  the f i rs t  entrant  wi l l  
choose the locat ion x 1  =  6.24 (= x 2) ,  the second entrant  wi l l  choose x 2  =  11.54 
(= x3 ) ,  and so on. The s ixth entrant  wi l l  se lect  locat ion x 6  = 1.48 (= x 1 ) .  
 

I f ,  however,  we change only the cost  of  ent ry so that    = 100,    = 2,  and F = 
202, then the locat ion c losest  to x = 0 is not  the least  prof i table.  
 

Table 2:  Locations and Profits when   = 100   = 2,  and F = 202 
 

 
Locat ions  Prof i ts  Sequence  

x1  4.03  189.29  x3  

x2  8.53  191.86  x1  

x3  13.56  189.38  x2  

x4  19.33  185.35  x4  

x5  26.31  177.62  x5  

x6  35.79  157.11  x6  

 
 

W ith these costs to entry (F = 202),  the locat ion far thest  to the r ight  must  be 
s l ight ly to the r ight  of  where i t  would be when F = 225.  This  occurs in order  to 
prevent  fur ther  entry to the r ight  of  locat ion,  x 6 .  Each of  the locat ions is 
s l ight ly to the r ight  wi th the lower  entry cost .  This  increases the d istance 
between x 0  and x1 .  W hi le i t  is  not  suf f ic ient  to a l low a seventh entrant  (as 
would occur  i f  F = 200),  th is  does increase the prof i ts  of  the f i rm locat ing  at  x 1 .  
Consequent ly,  x 1  is no longer  the least -prof i table equi l ibr ium locat ion,  and 
would be selected by the th ird entrant .  

 

Social Welfare 
Socia l  welfare is  problemat ic  in  th is  model.  For  a g iven number  of  f i rms,  a  
soc ia l  p lanner  would wish to min imize the deadweight  loss due to 
t ransportat ion.  So, for  example,  for  two f irms, the deadweight loss would be  
 

(12)  𝐷𝑊𝐿 =    𝛼 − 𝛽𝑥  𝑥 − 0 𝑑𝑥 +    𝛼 − 𝛽𝑥  𝑥1 − 𝑥 𝑑𝑥 +   𝛼 − 𝛽𝑥  𝑥 −
(𝑥1+𝑥2)

2 

𝑥1

𝑥1
𝑥1

2 

𝑥1 2 

0

𝑥1 𝑑𝑥 +    𝛼 − 𝛽𝑥  𝑥2 − 𝑥 𝑑𝑥
𝑥2

(𝑥1−𝑥2)
2 

+    𝛼 − 𝛽𝑥  𝑥 − 𝑥2 𝑑𝑥.
𝛼

𝛽 
𝑥2
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The socia l  p lanner  would a lso have to take  into account  the cost  of  entry,  F.  I f  
the decrease in deadweight  loss f rom having a th ird f i rm would exceed the 
addit ional  cost  of  entry,  then the socia l  p lanner  would want  a th ird f i rm.  
Unfortunate ly,  the f i rms do not  consider  the t ransportat ion costs,  b ut  do 
consider the cost  of  entry.  
 
As an example,  us ing some of  the var iables f rom the example above,  when α = 
100,  β = 2,  and there is  only one f i rm,  the socia l ly opt imal  locat ion would be at  
x1  =  25.  However,  the s ing le f i rm would only locate there i f  the r ight  revenue is 
equal  to the cost  of  entry,  which in th is case would be F = 625.  In that  case, 
the cost  of  entry,  F,  is  not  h igh enough to deter  a second f i rm f rom enter ing. 
The only way to have a s ingle f i rm enter ing,  we would need a h igher  cost  of  
entry,  but  then the f i rm would move to the lef t  of  the socia l ly -opt imal locat ion.  
 
W ith the uniform distr ibut ion of  consumers,  the cost  of  ent ry,  F,  can be chosen 
to maximize tota l  welfare.  However,  that  i t  not  possib le wi th non-uniform 
distr ibut ions,  such as in th is paper  (Loertscher and Muehlheusser,  2011).  
 

Conclusions 
Most  work on locat ions in the Hotel l ing ’s  l ine l i terature assumes a uniform 
distr ibut ion of  consumers.  This  seems unreal ist ic  for  some si tuat ions,  however,  
as populat ion general ly decreases as t ransportat ion arter ies leave a 
metropol i tan area.  Those works that  do not  have a uniform distr ibut ion usual ly 
examine a f ixed number  of  entrants and s imul taneous entry.  This  note looks at  
the equi l ibr ium when the populat ion density is  decreasing at  a constant  rate 
away f rom the populat ion center  and the f i rms enter sequent ia l ly .  Entrants into 
th is  market  have neither  maximum nor  min imum dif ferent iat ion.  The 
d if ferent iat ion increases as the f i rms are far ther  f rom the populat ion center.  
Ear l ier  entrants tend to locate c loser  to the populat ion center  as long as they 
do not locate too c lose to the exist ing f i rm in the c i ty.  
 
A natura l  extension to the note is  to add pr ice comp et i t ion,  i f  poss ib le .  
Discount  shopping mal ls  have long located outs ide of  the main populat ion 
centers.  I t  would be interest ing to see i f  this  might result  f rom pr ice 
compet i t ion.  Most ly ,  c loser  f i rms actual ly have h igher  prof i ts  than the f i rms that  
are more spread out  because the density of  consumers is much h igher.  
Endogenizing pr ice could wel l  change that  as the c loser  f i rms would be more 
compet i t ive over pr ice .   
 
Many authors have extended the Hotel l ing ’s  l ine model  by us ing a locat ion -
pr ice game where the f i rms locate,  then compete in pr ices .  This  can change 
the locat ion f rom Hotel l ing ’s  min imum -dif ferent iat ion result  in  duopoly because 
f irms producing ident ica l products would essent ia l ly be engag ing in Bertrand 
compet i t ion wi th i ts result ing  low prof i ts  (d ’Aspremont  et  al ,  1979).  However,  
d ’Aspremont  et  a l .  needed to change the t ransportat ion costs for  an equi l ibr ium 
in the locat ion-pr ice game to exist .  Xef ter is (2013) d id reta in the minimum -
dif ferent iat ion result ,  but  by assuming, in  part ,  an inf in i t e  reservat ion pr ice on 
the part  of  the consumers.  Montes-Rojas (2015)  looked at ,  essent ia l ly,  an 
endogenous number  of  entrants,  but  assumed an inf in i te  width to the 
d istr ibut ion of  consumers.  Others have noted the dif f icul ty wi th ensur ing  an 
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equi l ibr ium ex ists  as the number  of  f i rms increases beyond two ( e.g . ,  
Economides,  1993, or  Brenner,  2005).  Loertscher  and Muehlheusser  (2011) 
and Hong (1990)  give many examples,  however,  where the f i rms would not  
compete us ing pr ice.  For  instance,  media markets of ten ha ve low or  even zero 
pr ices,  but  the f i rms earn prof i ts  f rom advert is ing,  which is  based on market  
share.  Alternat ive ly,  there could be governmental  pr ice contro ls.  Thus,  i t  is 
useful  to  examine the locat ion strategies wi thout  pr ice compet i t ion separate ly 
f rom any ef fect  the pr ice compet i t ion would exert  on those locat ion strateg ies.  
 
Al ternat ively,  locat ing  outs ide the populat ion center  might result  f rom a non-
constant  cost  of  locat ion ,  as introduced by Hin loopen and Mar t in  (2017) .  Their  
work,  however,  only looked at  duopoly and used a d istr ibut ion of  cost s which 
does not f i t  th is model .  
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