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The Impuct of the “Chunnel” on the Location of Production Activitics,

1 Introduction

One of the events that will make the twentieth century be remembered is the build-
ing of the Channel Tunnel inaugurated on May 6th, 1994, atter seven s ears of works.
Ina more modest perspective, such a wunnel will huv_e an Impil on econamic
activity vspecially between the UK and France, but also on the rest of Europe. One
particular aspect of this economic activity concems the (re}locution of production
activities. ' |

Froni the UK perspective, two arguments can be put forth. On the one hand.
making 1he continental (big) market closer gives incentives to locate near the coast:
on the other hand, the tunnel means (among other things ) important savings. at least,
in terms of t.ime. Therefore, the need to locate close to the continental market is not
as cruciat as could have been before. The net effect may gb either way,

The cxample of the Channel Tunnel (“Chunnel” for short) provides the intu-
ition for . variety of problems. In particular, non-homogeneity ot"gmgmphic space
(mountains, valleys, rivers, etc ... } and construction of major highways would
have a similar effect.. Other examples besides the “Chunnel” are the high-speed
train {TGV) from Lisbon to Madrid (and from there to the rest ol Europe) or the
projected connection through a system of mountain tunnels between Barcelona and
Paris. Esven within countries we can find examp!es; like the construction of high-
ways connecting the Portuguése coast (more developed) to the infund (less devel-
oped).

An important interpretation of thé model relates to barriers to cconomic inte-
gration among regions. Building of infra-structures in less developed regions often
have the aim of inducing location of economic activities in these regions. Facil-
ities thai n.lay become available in one region may give rise to prsitive external-
ities il they incentivate the location of new industries in the neighboring regions.
They may also impose negative externalities if such facilities wrn nto a relocation
of indusiries from the neighboring regions to the one providing the new facilities.

Whether the fatter is always a reasonable expected effect, or not. is the focus of the

paper.
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We pmpose a model where two firms are located at two distant points in a space
(say M:mchésu:r and Paris') described by a‘non-cunnecled set. where one of the
components of this space is farger in terms of potential demand than the other. |

We look into the location choice of firms in a very stylized way, Nonetheloss,
we hope it will provide more economic ground 1o discuss some policies direcled
to change firms’ location decisions (for example. the appearance of business parks
close to the Tunnel were backed by local authorites). '

We choose 1o cast our analysis in the simplest cconomic moded of location choice
_the location-price game introduced by Hotelliny { 1929) under guadratic transport
costs {d’Aspremont et al., 1979). The distinctive leatures of our work are twofold,
First, we introduce a sct of possible locations that is non-connected. That is. there
are some points in the space that cunnot be used as locations tor cither consumers or
firms. 'Sccond,'coﬁsumers'_have to pay a (linear) bransport cost to cross such space
and guadratic lran'spoﬁ costs in each market. Twuo different specifications of trans-.
port costs are investigated. vielding distinct implications (o firms’ location deci-
sions. |

More in general, this work addresses the que~tion of the itapact on lirms” loca-
tions when the economy faéés a structural change inransport costs. | this sense we
can relaie our paper to the literature on transaction costs. A particular iuslilm:tl: of
this more general body of literature is provided bv Bouckaert and Degryse ¢ 1995)
where conditions under which banks offer phonebanking are studicd. where phone-
banking constitutes a new technology for transpeit costs made available.

The structure of the paper is as follows. Next section:presents the basic mode!
and two alternative formulations of the transportation costs. Sections three and four
analyze the equihibria in the price game and the wndencies for finm relocation under
the alternative specifications of the transport costs. Section five contains a discus-
sion of the features of the equilibria in the different model formulation and draws

some conclusions.

TWe couid perhaps refer 1o Bordeaux 1o avoid some ch. avinism.
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2" The model.
_ 2J' : The basic slruclufe.

The model we pmm\c depait- trom a space composed of (wo sep.:r.ucd ma "Lels
' and a “hole™ belween. tlu.'m'._ e of these markets is l;u'gcr n terms of potential

dennnd than he u_th'r. Forth. _»;akc-ni'clurily in the cxposition. we will carry over’

the example of the Channet Toanel. Th 15, wé_WiII refer to UK and the Comiﬂcﬁl

as the markets and to the Ch.mncl as the space linking thcm Construction of the
“Tumeld is our v \.unplc ol 4 stractaral lenuc N {rnsport cosis. '

We assun that there is .« continuum of consumers u_uil'urml_\'_ distributed on
each market. Tie density of L.‘nxmm;-m n cach market is-normalized 10 unity. All
ﬁ()nxuniérk are wientical excep: tor thetr location (hest preferred varety ). The (com-
o |'csc|'\‘;uh-n'|)ricc is high cnn.ng-h o :I"()WIIEI" consumers o buy one unit of a _
thorizontally <hitterentiated) ¢ommaodity. o
_ .'I'r;ms;mr’l NRININ wilhh: Ay markel are modeled as & quudm(ic function of dis-
tance.” I-\pm!'n" or nnpmlm the comnodity implics 1o add to the lmnspon CObl..
i Ixed amonns associated Wi the crossing of the Chdnnel '

We denote hy 1) u_ml Lthe curcnu:--mnnls_ of the small market; T denoles the
feargtiy of the ciannek L= f and B+ F denote the extremes of the big market
Ouplving thie - - '_’.)_ Al ch~rances are |11§;5s11|'c¢l I'ron;'zbrn, The sinul_[cr country
Cis termed cousry 1L the uthv_:. ocountry 2. Fina.lly. “firm " is the firm tocated in
- country- Eora both tirms are ovated in the sam.e c'()umr)'. it denotes the firm lo_culcd
clisest W 0. The other firm is “lirm /™ a |
The sl.mnu puing will bosthe case of :solaled marke.ls ( €. where the costs of
©erossing the ¢Cunnel are too Iuoh) where the reservation price is high. enough 0
sustun an egpedibrum where cug h {irm is located in the tmd -point of s (domeslic) '

n; nku._ .

W shwoukt spewsty that i
arsgmiers buy .y 00 unit sech aes assumption would be redundant.

Symmictnic ses will he omitgeld, enless otherwise noticed.

CAdrtwnagh s an assumphen -~ aebatrary, the tocation al Ihe center ul the markes has lhx. anpweal-

RS COsE Fike 15 detined: per unit ot mmnmdm Since alk

ane tealure ol e mizing the REF ST LT AT RTS8
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L

We can approximate the opening of the “Chunnel” as a (partial) integration of
the lwo markets, so that now the space becomes a cdnnecléd set. The distribution .
of consumers on the space remains the same though (i.c. there are no consumers
helw_een Folkstone and Caléiﬁ)A Now firms in both markets (coumri_es) have access
0 lht_s Ineighbo_ring market pziying a fixed fee of £47T (i.e. a linear function of the
distance). That is 10 say, the firm in country j willing to reach a consumer in market
/ has to pay a transport cost defined as the sum of a fixed fee and the corresponding

costs associated o 1he distance between consumer § and firm §. net of the the Tunnel.

2.2 ‘Transport costs

For the analysis of market integration and location ol firms. specilication of trans-
port costs does matter. Previous literature has identified trade-offs, in focation de- -
cisions, between market size. (ransport costs and wages.” Moreover, as it will be
upparent below, ditlerent ways of computing transport costs gives substantially dif-

ferent equilibrium characterization.

(1) The first possible specification for transport costs is to have quadratic rans-
port costs (cumudative) in all the path outside the Tunnel (and excluding the
Tunnel distance). Forexample. if 2 firm is located at f in country I'and serves

a consumer located at 7 tn country 2, the associated tansport costs are
=1 —dY 4yt

This implics that the transport cost i the margin is the same at both ends of

the Tunnel.

(ii) The aliernanive specification is to have independent quadratic transport costs
in each mivker. besides the hinear tee associated with the Tumnel. For the

same i and consumer of the previcus example, we have

. | iy . ]
ot =L+ g+ el +T — )
"See Cordelia i Grile 11995), Horstmann and Markusen (1987, 1992), Keugman and Venables
L1911 Mowa (1992 and Rowthorn 11992y amony other.
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In this case, at the margm thc tmnsporl cost is loweraltl'le Mheredge ofthe _
Tnnnel(tmnsponcostsmmemhercmmconwedwnhm&mxo o
lheTunneI momh} Bo{hcaseqm&pmedmﬁguml ' o

4

o Y A | LT

= F:gurel Tmnsponcosts

R
e
. |
l

kLT

To iHustrate the ﬁrsl :.pec;ﬁcauon think ofa consumer Iocased o > T +1
. (Borde.mx) dnvmg from hmﬂ:er Joc.moa ol +7 (Calms}, lakmg the car. mln lhe- '

b p.wmg the corrcxpondmg (u\o-w.xy) ncke( ata pnce £yl .md dm ing agkin

 from L {Fol kstorle) o d (Manchesler) .md bacl: We will. mfer to lhss mm.k,lmg as
CAR Irunsport costs (standing for “Commuc After a Rest™). '

- The second waty of specifying the tmnspm't costs can be illnstrmed by our con-
_--.qmer lwmg ini mkmg @ taxi to, Ca!als geumg m the train, and takmg nnotlwr taxi. L
-'from Folkstone to Manchester We with call this CAB tansport cost m.mdmg for

‘Chdnge At -the Border”) :
| Forma)ly. the tot.ll CAR lranspon cost funcnon for firm' d is
| oli =T - d)*+qT :‘f:‘z_L«n-.r'. .

. N
L(u_— dyt - ifig L L

CARII. ;)-—-{
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and

%%%%{)—1—) - :f_('_}_}f_”_:;),’,) = 2e{L — d) (2
where (L + T} refers 1o the partial denivative a1 /. + {7 from the right, and L
refers to the punial derivative ae L fromrhe et

Total CAB transport-cost function for tirm o/ is wiven by

Wi =LA TN gl - Lov i —d) i L+

CAB(d, i) = , _ {3
el el . iry < f.
and. at the border. marginad ransport costs ditter:
()("n”{n".lﬂ {f('.'la‘r}'{d..‘ A .
I — RN el = —
i} - i H AR F AT RY S ‘{L “t) [4‘

Note that the CAR transpart cosis constitate the more matora! generadizatron of
quadratic transport costs, i the sense that /= 1 ieoovers the raditional transport

cosls schedule,

3 Equilibrium under CAR transport costs.

In this section_ the tirst formulation Tor aomsport costs is used. The altermative {or-
mulation recen ox attention in the et ~c o, fo amplify notation, we perform.
in 1his sectien. 1o normalizaions 4 = L Far expositional purposes the

different cases will reated in separated - osoctons,
3.1 Firm [ and firm J in their markets, - in the big market.

Suppose each trm s Jocated in is Gomesie ke nd the indifferent consumer.

z.1s located mthe big country. Thes 1tis wdetined b the solution to
pa ol ; B A A

This sives

The profit tuncr on ot cach lirm s o rve |y

ll_‘r -, _f-’ h ,'- K ' == ."'-r B 'f‘ - .:.\



" Thefn@ad_oﬁha '.‘Chunﬂci'-'on dnlmumtfﬁuung,qmm 3 .

| _"mmmmmepnccgameye:ds -

py = J-T- d)(f m—m:an) qT
= Fhn
'(f-T-—'d}{l-L:+~T_-—-cl_-—f)+ﬁqif

" Riis easy to verify thi ;:,;'is_ai\iv"ays poiii\t:. Alsd. pf i:-;. positive if -

qr ax e e
?—-—j—“—-:df ,+f+ 34 - b : (5) .

o Evammm;_. "'(p,; pf } al the ccmd:dale eqmi bum price. ;a:r e obtam.

: f ~d~ fju-ni+~:u-+qf]—-q1
-(,,,, e ETEr T

and for the cthhnum to be well defined 3 {uipy) € H 4. n whdi mut.x

ey

| '*)A +d+01'-df<7--ﬂ;;———jﬁf P d— G+J- : (a)

" lt is. mvml 1o check lhdl conditions {6] uplycmdum (5) Atso. L > 2.a is. mf
ficient wemmrc that the uppcrbomd n :ontllns {61 s puaive ﬁui, i \ﬂlbc

 assumed H!mughou! o _ _ _
Substllutmb th cqm!:hnum pm. paruupml luuem dsﬁacs !he equﬂtb R

©rigm pmhls at.c.rumg from lhe prtce uuhpznc o

2

N !.1 B | L :__
Il;td{l -m’(f 47 II;H Il_ '(f YEx]

_Nexl wc wui!cx.;mme tendencleslnkninas lari [2 Y :fad!axﬁxmequmbmm- o

pricest -
' Comudenbederwmweofﬁmd s;utﬁsuthupcatmuskm:n ll wgven c

| by,

ond) m{(f—d'nu—w 1) 1) m L)"
t)ﬂ' S =TT T

_ “Wc cannot COmPUC subgame pcrft.u cqpiiviim oo hczu:n Py sz Srve «.hm:utha'c !
" nit quasi-concave. To se it, consider how daavan e[ P e ewtws givna picg of fem FL 0
Iy easy Lo compute the minkmum price that pEATA s LEn 4 1om apirvg aoy domand s it owers.
© the price its demand increases. At & ceftain pace, brni § wil cipnee il arsiversin e agtionl

market. . Further mcresses -in s desmandd, reyaices O Ly e friet eaagh (o LNBPIRIE &rthc ]
.';.rossm& urltu. chinnel. Therelore. there i araegd o fpicet o f firm 4 krwbichderasnd vsumtpleldy -
. mei:mu. Stich g l'c'mm. pruqlds,- & kirk i the LL‘nxni lnu ST HEE TIVET AL, ;7 hnw
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where the negative sign follows from k+ T > f > 1 +Tandd < 1 Thus, firm .
d towards zero, independently of the location of firm f in the larger market.
Take, in turn, firm «’s location as given and consider the derivative of firm f’s

profits with respect to its location, It is given by,

Oy (e f)  pyllf —d = T)(d - 3f + 4k +31) - T}
af 6(f —d—T)?

- Two cases may urise. Either this derivative is positive or negative,

CaseI: gr—l’:—%!i)

31) — 41" < 11, This condition can be expressed as

< i) The d.::rivative is negative if { f —d — 1) {(d - 5f v 4+

r
7"{;'_& >d - 3f + 4k + 37" (7

Combining (7) and (6). we obtain

i gl .
3/ +d+ b+ < —— e -1 -,
3f+d+ $ f_j,_(f<f+(£+

This is a well-defined iterval it —2f + K420+ 3 < 0.

on (. f)
Case II; — 12227
ase o7

FY — 41 > 0 Thar is tosay. if

A The derivative is positive if {(f —d — T/ — 3F + 4k +

- 'T‘:
P a=T

< d—3f+dk+ 30 (8)

The combination of {81 and (61 gives rise 1o the folowing condition

q'fl

?T‘I—‘—__—f‘illlllll{—:if e+ I+ X f+d4 2= (i} {9

Putting together (9) and 161y we obtain.

ql L, .
T'— T v—=5f4 20+ 51
o e .
j—l";f : cd 2 TG0 ALY >
FoT 0 d=3f -4+ 37 5F A < )

where A f)y=2(1 | i =3
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The above discussion can be summarized as.

Proposition 1. Let each firnt be located in ity domestic market and the indifferent

consimer, 2. be located in the bie country.
() Firm o tends v focate tfenveard - 11,

(hy Lee 208 - F - 4 - 0 -0 Foeu firm f revds 1o locate iovwards b — 1

ey

{cy Lee 200 - 0 - L

o firm }orewds po tocare powards 1 f

. i . - .
Y R T B A k-1 -
! . f AR = ,f + f’_}_ ’ ]

o firin | otemds tefocan oagrds by )

. .
R B VAR S, Sy R Y S %
. - ~d

Ly (d. f)
If

Asareference pomi, note turt Tor 't = (), > (), 50 that we recover

the stndard result of " Aspremont ¢t al. (19749

3.2 Firm [ and firm « in their markets, - in the small market.

Consider now the case of the iditerent consumer located in the small country.
Suppose it inns are focated in derterent countries. The position of the indifferemt

comstimer s defined by
Jo 7y _1_..,!‘( . (j..,.] _:;J

or sobving eaplicith

!f el Fpom i q]”

T A Yy A s

I

Alanintsaton of profits, gisen focstions, vields the following equilibrium prices:

el B f-d=T) 4 gl
3 :
e i jJ ;; f—d="1)y—qgr

E
Enl
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Prices must be positive, which is guarnteed by the fdburng condition:

T{%t7<4k_u+d-r)j' o
“The condition requires the Tunnel fee to be small o e size differerce betreen
countries to be large (& big). '
© We must now impose that, at equilibrivm prices, the ind #Terert COrsner po- |
sition i consi#u:m with initiat assumpl-ilms 12 22d Thisarmuatste
G+T¥f~d—2kz—éﬂ;725&+2~f—2k ary -
f-d=-T
‘provided country 2 is not too large (the exact co_ﬁditi epbaag 2k < G+~ f—)
The inlér\';ll is weil-defined as o < 1, o
So far, we have characterized the .candit ¢ For :qui ce equi Ebniwy p res pair
of locations of firms (<. f)and the condiliomwvderirhich hiscrcidie sa viebie
equilibrium. ' | |

We now turn to the incentives of finms td chinge location. To ilis effeel, wve

investigate the value of change in profits from a marginal change in the location of

the firm. Equilibrium profits are

11, = M = RS
T —d-1) T T A —d =)

A small change in the location ol firm « impl s

an-! _ P
o T 2Af-d-1)

Then. it i straightforward to establish

.

[md[f—d—T)d':k]

1, e gt - . o
Zd-<mf'd g < 2b+2d — (f d ) | !l}

From the conditions for equiiibrium to be well-dedaed (see expréa:-i NYUMNIYE
sults thal the above condition always holds. Thuss, Kly/dd < ¢, vhaeverthelora-
tion of the other finn, relative size of countries size and Tunnel fee, previded ecui-
librium exists. Since this effect has 2 constan| Sign, d1in d \r.ill'loc ate awvay hon
the Tunnel (under the restriction that ench firm lecates in a b fzrent coun airy ;nd

the indifferent consumer.is. in small country).
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Consider 2 small change in the location of irm f. Computations reveal that

dity Py —2(f - T) + 4k
ol . ' N UF — ¢ —d)=
e ﬂf—T—@?[pf+(f 4) 3
The sign ol the cxpression hinges upon the sign of
. qT : .
(| Jh —— () - I3
(] +¢ }+1+},__T_“r -1 (13)

Combimnyg this condition with the requirement of a well-delined equilibrium, the

following basic charucterization results:
M L
—{,i >0 il

() o) I —h=3d <y

(h
3>2(f-T)~k>3d and
9L " _ |
e >3- 1)—dk = d
f-1T-d (f =1y —dk =
SF <0l
oy 2. f -1y — k>3
{d)
3>2f—Ty—k>3d and
qf

m<3(f—]')—4k‘—d'

W miay now investi gate in more detail the stated conditions, Take first T, /df >

G 10 s strinehtforward to establish that
D> 2f-T)—h-3>3(f-T)—-dk~-d

Smee ¢/ 1) the second part in condition (b) is redundant. Consider JIT, ¢ f -

1) Then,
O0>2(f -T) -k -32>3(f-T)-4—-d

which e that conditio__rg ..{d) 15 never satisfied.
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‘Proposition 2. Let each firmi be lncated in its domestic market andd let the indiffer-

enl consumer, z, be located in the small country. Then
(a) firm d tends to locare 1owards ();
(b) firm [ locates towards

LE+TiF3>2(f-1) -4

2.0+ Tif3<2f- 1k

3.3 Both firms in the same market,

H Firm f and firm « in the big country,
The indifferent consumer i~ detined implicitly by

pa iz —d)"’=p!+(f—:;)'

Solving explicitly
_f+d pr—pa

2 2f — d)

Profits are defined by
Oi=A(z—-1 pg 5 Hy=(k+1-:)py

for firm « and firm f. respectively. Maximizing and solving for the cquilibrium
prices, we get

C—d)(d+ f + 2k — 27)

i - - J
(C—d{{dk — f—d+21)
pr o= - 3

Prices wre always positive. It ix. nevertheless, necessary thut = € |, f]. which

dmounts to
5f—d — 1T >2k>5d— f—-4T. (4

It imphes a very narrow range for k. Equilibrium profits are

(f — D{d+ f+ 2k — 21)? (S =ik — f =+ 20
qu’ = . : HI = - - —
18 13
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- The tendenc:cs for changes of locatlon. at the margm can be obmmed al'tcr'

' stm;ghlforwaml derivations:

sign %1;‘4 = sign (f = 3d -2k +2T) < 0
s.ign cg' = sign (4.1: —.3)' +d+2T) >0

Therefore, also in this case firms tend towards the endpoints of the market; |
| B Firm S and tirm d i:i the small market.
| , The indifferent consumer is deﬁned lmphcllly by

Pa+ (2 *fl)z --Pf+(f—z)2 '

© Solving explicitly

'f+d+ Pf — Pa
2F=d)

Profits are de’ﬁn_éd by

My=zpe : M= (k=2)p;

for ﬁrm d .md firm f, respecnvcty Maxlm:z:ng each firm’s profit with respect lo ;

own price and solving for the equilibrium pnces we gcl _ o
(J = d)(d+ f +2k) » d)(4£~_ —d)
= D py= _

Prices are ulways positive. It is, nevertheless, necessary that z E [d, f] for the equi-
' l‘ibrium (o be well defined, which amounts to k£ < (5F — d)/2. It implies a very

-narrow range for k., as at lhe most k can be 2.5 (by deﬁnmon k has a lower bound

at 2) Equilibrium profits are o
f- d)(d+f+2k)— = (f ek~ f —d)?

18 A 18
The tendencies for changes of locauon at the margm. can be obzamed afier

1'1,;—(

strai ghllorward deri vauons

'ilgn 3‘;‘1{4 D .sign {(f ~3d --I2k.) <0 _ Crs)

sign. Cg}! sign {4k - 3f +d) >0 - o '(.16)
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The signs of expressions result from d, f < 1and k& > 2. Thus both firms tend
" towards the endpoints of the market. |

- Summarizing,

Proposition 3. Let botlt firm locate in the same country. Then firms tend towards '

. different endpoints of the market.

4 Equilibrium under CAB transport costs.

' In this section we assume that transport costs are independent in each market. be-
s_ides the linear fee associated with the Tunnel. This is illust_ratcd by consunmwrs

c.hanging taxis at the border. As in the previous section, we implement two nor-
malizations: = 1. L = L.

-4.1 Fnrm j and firm d in their markets, in the blg market.

Suppose each firm is located in its domestic market and the indifferent consumer.
z, is.located in the b g country. Then, the indifferent consumer position is defined

by the solution to
pat (L= d? g+ (c =1 =TV = pr + (f - 2)°

This gives _ o : :
- -0 -d¥ T py —pa
. -T-N

The prolu Iumuon of cach firin is, rmpectwely,

;= py(z ~ ]") : Hy= pf(k +71T -12)

The sofution 10 the price game vields

(f—1~1)(f+1—? +2L]—(1—d) -q;‘

P =

ST 3
S (f“l*-l)(1+4k~“1—f)+(1—d) + g1’
Br -' _ . . J. -
H'+(1—n‘)‘

Deﬁ_né A= Pmes are posmve it

1-1T+ -4k < A< f+1-T+2k ' () _
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Evaluating ::(.p,;_. p'.;') it the candidate cquilibrium'pﬁcé_ peur we obtain, . -

o o U @I f 45 - (1 —d)P gt
pa-py) = — GF-1<1) :

.‘_and Sipapp = (VT f

WoofrsT+lc D%+ f-T-5 (I8

Itis trivial to check thit cnndi!iom {18) imﬁly C(mdi'lion-( 17). Also. we will assime
that / > 2.5 1o ensuire 1hat the upper bound in (18} s pomwe ) '

subumuunn the l..(.]l.llhbl'llll]'l pnce pair into profit functions dehnes the eqmllb-

- fium profits aceraing from the price subgame
. -y . L 2
P 7. ey - »;
e 12— 0 g{d, f) = o
Next. we will cxamine tendencies in locations for linms'd and f at those equilibrivm
plTiL‘ﬁ'\-. . . . . I ) . .
Consider the derivative o firm d's profits with respect to its tocation. Ii is given
MLl ) 2pa(l ~ d)
P T ey
ThU\ whale\ er-the location of firm /. firm.d. alway% tendb 10 move. loward\ lhe

>0,

mouth ol the Tunm.f _ . _ N
L tke fiem «'s focation as gwen and comader the denvalwe of ﬁrm f 5. proﬁl.s

with :especl teits location. 1tis given by,
Ot pyllf - = Y1+ 30+ 4k - Jf) (1 - d)? - 41

ofF T T B(f-1-T)°
Two cases may arisc. Either this derivative is posmve or negative. .
Oy id. )

Casc l. a5 > (3. The denvalwc Is poslt-we if{f-1-1 ‘)(1 + 37 + 4!;' -

.H)-"{I—d] —gl' >0 'Ihlscondmoncanbeexpressedas
A<1+JJ+4L 3f. a9

Combining condmons (19 and(ls) we oblam thatif 2f — L -2 -3 <
‘then condition (i8) implies _t_hal the above derivative is positive. If on ihe

contrary 2f — & — 27— 3 > 0 then the derivative is positive if

U ZSFASTHL<AVHIT +4k~3f . (30)
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' - "Cue n,__.ég__.<0. mdenvwwtsncgmwif(; 1 ‘I‘)ﬂ +3Ta4-&-—i’.if_- :"

J!) (1 ~d)? - qT-:a Ti!aussosayrf

a>14 ST+ 4k - .sf R (21): o

Thecombim of(2l)nnd(¥8}«glm rise sothe fdhmm

1+31 + k- 3.f< A <2k+f—- T=5 - (m

- The above di'scam'mbe summgm'zea m_'the ﬁﬁlowumﬁm e

- '-_Af ' i 2{". K2 3<0
) "’nr 1

:l"‘f k 2'!' 320

' |+'3T+4k A - |
ﬁgufcz

_ Fonunlly. .

| Prmmioml M:emkﬁmtbﬁammdmuukmsm mmrmdm Wm L

' wrmunw' sobe fm.tm'd m rht' big Loumn _ L _ . :
. ; : . _dﬂdid . L ) s o

cEglse e

o ““"""““a(}! Do yommoas.
i‘&é‘%ﬁ >';0 .ofhrﬁi»isé. R o (25) :

=4.2 Fsrmfandﬁmdinth&rmnrkﬂs”intinsmﬁm

B We now, proceed to thecase of firms are located m dlﬁ:mﬂ! cuunma.ané d\e m & -

_ :-ferem consumer loealed in the smaH coumry The posmcm of the md’lﬁmm mn- L
© U sumer s detmed by e -

o P + (z ~412 = P,' + QT (‘f.i‘i(lf'ﬁ% 1-.}.')2 '*‘(l"z)z o




' The Impict of the -am:»m manuuanomedmAcnmm. T

Solving yields

S p; Pd+(f"1—T)2 d2+qf

| S 2l-d) | |
Max imization of proﬁ!s gwen the fixed locations, ylelds the. followmg equrlibnum-

pnces | | | |
oy = (2% + 1 +d)(1 - d)-'f‘(f'-'--T TN qT »
W = :
X . . |
o (l—d)(iu.,_.]__d) (f _{ ""l)" qJ’
T 3
 Define & = o/ +1/ 1-7) . Prices must be positive, which is guaranteed by

. =
'lhe foliowing umd:llon

q:<'4;.-—1--.';i I - 26

_ We musl nowlmpou: the fol!owmgcondmonsmlhat at equlibnum prices, !he

mdll’femm consumer posmon is consnstem wtth initial assumpﬂom (1>z2>d '
5-«:—2k->¢>«£-—1~:b B 1)

Itis eaa.y 0 check the nmerval is well deﬁned In addm(m, His necessary lh.n A <
(5 - .-1}/2 as the Tunnel fee is posmve Itis s‘lmlgtnforwurd to establmh that the
: left-hand wdc condition on 3 aiso :mphes pomwc prices. ~ '

. We now look at the. incentives of firms to change tocation. Ethbnum pmﬁ!\ ‘

e | - o

d'_—=.—--L—-' Py ; Hf;'p}
21 —-d). - 2(}—d)

A smail c.h.mge m the Iocat:orr of ﬁrm d nnpites

sign —— s:gn{(l d)(l—3d+2k)+(j—l—1) +qj|>{l _ fZSJ .

Ol
od

Comnder now i smdll change in the Iocauon of firm f. (‘ompul.mom h.\ca!

oMy p Bp 2y
57 3(1_{”8}, —(-————j(f—l-!}\{)

Thus. we have

T Atthenth it is-:_1ol.-s:il‘li_ciém_l'or_cx'is_tencé of equilibrium.





