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Abstract

This article studies the competition between an electronic commerce
firm and a traditional shop, that set respectively a uniform delivered price
and a mill price. Furthermore, they face different geographical constraints:
the proximity of consumers in the case of the traditional shop, and logistic
costs in the case of the on line retailer that takes in charge home delivery.
The aim of this paper is to assess the impact of the introduction of an
electronic commerce firm on the level of competition and to understand
the different advantages of these two kinds of firms.

JEL Classification Codes: L86, L13

Keywords: electronic commerce, competition, Hotelling, strategic
advantages, geographical constraint.



1 INTRODUCTION

The competition between electronic commerce and traditional market firms
presents a new aspect in comparison to classical analysis of competition, because
these two types of firms compete together but face very different constraints,
especially the geographical constraint. In the case of a physical shop, the prox-
imity of consumers is essential because they support transportation costs. On
the contrary, in the electronic commerce this constraint is not acting anymore,
as any consumer can accede to any web site without restriction. It has even
been said that the development of the Internet would give a global dimension
to competition. The accuracy of this argument is doubtful and depends on the
sort of good we consider. For information or digital goods it remains valid, but
for physical goods on line sellers have to support logistic costs that restrict the
dimension of competition.

The aim of this paper is to assess the impact of the introduction of an
electronic commerce firm on the level of competition: will it be higher even in
the case of a ”physical good”? The second issue of this paper is to understand
the comparative advantages of these two kinds of firms that do not face the
same geographical constraints.

Obviously, there may be many more features to take into account to study
the competition between a web site and a physical shop as brand loyalty, con-
sumer’s confidence in online payment, etc. But we choose to focus on the ge-
ographical constraint aspect for two reasons. Firstly, logistic costs are very
relevant to determine the prices charged by on line firms and secondly, from
consumers point of view, home delivery is one of the main elements that distin-
guish on line shopping from traditional shopping.

We model a Hotelling competition between a traditional shop and an on
line seller. A consumer who chooses to buy a good at the traditional shop
has to support transportation costs whereas on line seller’s price includes home
delivery. Thus, from the consumers’ point of view, there is no geographical
constraint when they buy on line. But actually, this constraint exists for the
electronic commerce firm that bears logistic costs and take them into account
to determine its price. Furthermore, we consider that the on line seller also has
a location, which could be the site of a warehouse.

As for Hotelling’s model, there are two different interpretations of our model:
the geographical and the products differentiation interpretations. The former is
also valid for mail order selling, but the latter is peculiar to electronic commerce.

The description we have made of the two types of pricing are known in the
economic literature as ”uniform delivery prices” for the web site (wich is an
extreme case of price discrimination) and ”mill prices” for the traditional shop.
Some prior works study the competition between firms that adopt different pric-
ing policies, discriminatory or mill pricing, but they focus mainly on the choice
of the price policy (Thisse and Vives [8]). Among these works, only a few of them
deals with the special case of uniform delivered pricing and once again focuses
on the choice of pricing policy for a monopolistic firm (Beckmann [1], Cheung
and Wang [2]), a monopsonistic firm (Lofgren [7]) or firms in duopoly (Katz and



Thisse [6]). In our model, the main issue is more to understand the competitive
and location behaviors. The study made by Foncel, Guyot and Jouneau-Sion
[4] is more similar to ours. They look into the issue of the competition between
an on line bank and a ”localized” one. Their results may be applied to many
other areas as digital or information goods but not to physical goods. Indeed,
in their model the on line bank does not support any transportation costs. Our
model considers the case of physical goods, where the on line firm bears logistic
costs.

We use Hotelling’s framework to study the competition between an on line
seller and a traditional shop. In section 2, we assume that firms’ location are
fixed. In section 3, we study the case of endogenous locations. Section 4 proposes
another interpretation of the model and section 5 concludes.

2 COMPETITION WITH FIXED LOCATIONS

In this section, we study the competition between a traditional shop and an on
line seller in the case of exogenously fixed locations.

2.1 The basic model

There are two sellers of a homogenous good, the on line seller denoted as ¢ (for
Internet) and the physical shop denoted as s. Their marginal production cost
is zero, a common assumption in the industrial organization literature. They
are located at the ends of a line of length 1, respectively at point 0 and 1. We
suppose that customers are uniformly distributed along this line and that each
customer consumes exactly a single unit of the product. Since the product is
homogenous, a customer will buy from the seller who quotes the least delivered
price. Namely, the uniform delivered price p; set by firm 7 and the mill price
ps set by firm s plus the transportation cost ¢(z) which is assumed linear with
respect to the distance x as t(z) = t.x. Thus consumer T who is indifferent
between buying to either firms has a location defined by:

ps_t(]-_j) =Di

As the on line seller sets the same delivered price for each customer whatever
his location may be (as long as he belongs to the area the firm decided to serve),
from consumers’ point of view, there is no geographical constraint to buy on line.
But actually this constraint exists for firm ¢, whose location can be interpreted
as the site of its warehouse. Firm ¢ bears a logistic cost [(x) of delivering a total
distance z:



where T'(z) is the cost of delivering one customer at a distance z of the firm'.
As function T'(2) is also assumed to be linear T'(z) = Tz, then:

We choose an integral of linear costs to modelize the logistic costs for two
reasons. Firstly, each z must be interpreted as a ”group” of customers located in
the same region. So it is unlikely that the same truck delivers all the consumers.
The idea of new truck departure for each new area to deliver is more relevant.
As each of these trips is similar to a linear cost, an integral of linear costs
is quite appropriate. Secondly, the logistic costs are then comparable to the
transportation costs that consumers bear. We also assume that the electronic
commerce firm enjoys economies of scale and a know-how such that it has a
better technology than consumers, and then 7" < t.

Lastly, we assume that the utility of the good is sufficiently high for every
customers to buy it.

The market boundary is determined by the location T of the consumer who

is indifferent between buying to either firms. Then demand functions are given
by:

1 if Pi < Dps
_ — bi —Ps .
Di(pi,ps) =4 T=1- " if  ps<pi<ps+t
0 if s +1 < p;
1 if Ps < p; —t
— Pi — DPs .
Dy(pi,ps) =4 1-T = ; if  pi—t<ps<pi
0 if  pi<ps

Both firms compete in price schedules and choose their prices in order to
maximize their profits:

J\{)ams(ps,pi) = ps. Ds(ps, pi)

J\{)cizxm(ps,pi) = pi.Di(ps, pi) — L(Di(ps, pi))

The first order conditions are given by?:

p; —t if pi > 2t
Ps =
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Here the logistic costs are supposed to be variable costs. Obviously, most of electronic
commerce firms bear also important fixed costs. The aim of this paper is first to isolate the
effects that occurs in such a model. Then, one of the main extensions of the model is to add
fixed costs F' > 0 to I(z).
2 As firms are supposed to have a profit at least equal to zero, firm s will always set a price
such that ps > 0. On the contrary, as ps > 0, firm ¢ would never set a price under
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We note that the optimal response of firm s does not depend on consumers’
transportation costs, but is fully determined by the price set by its competitor.
In Hotelling’s classical model, the optimal response function of a firm k to price
p; set by its competitor j (if the marginal cost is zero) is given by py, = (p;+t)/2.
Firm ¢ is the only one that takes into account consumers’ transportation costs
in its optimal response.

2.2 The equilibrium of the basic model

The resolution of the model leads to the following equilibrium values and results.

Equilibrium of the simultaneous price game

The unique pair of equilibrium prices is obtained from the first order condi-
tions for any values of ¢t and T

o 1T *_2t+T
m—3+% %*'3+%

The equilibrium prices p; and p; are increasing with ¢ and T

Op: _ 3°4uT+T?  Op; _ 2(3t°4+2tT+T?)

ot (3t+T7)? ot (3t+T)?
op _ o o _ _ar?
T (3t+T)° oT (3t+T)*

Proposition 1.a: The mark up of both firms increases when t
rises.

Two effects can explain this result: one that modifies consumer’s trade off,
and a strategic effect. On the one hand consumers, especially if they are far from
the traditional shop, are ready to pay more to buy on line. Then, the electronic
commerce firm takes advantage of a better position in consumers’ trade off to
rise its price. On the other hand, the strategic response of the physical shop is
to increase its price too.

On the opposite, when T rises, consumer’s trade off is not modified. Firm
bears higher logistic costs and raises its price. Then, both firms increase their
price, but only the strategic effect comes into play.

The asymmetry between the two firms is also illustrated by the following
proposition:



Proposition 1.b: When t is zero, prices reach their competitive
level. On the contrary, when T is zero, both firms set a positive mark
up.

The firms take advantage of the existence of consumers’ transportation costs
to set a price above its competitive level. When ¢ is 0, all consumers face
the same situation and then enjoy a perfect competition situation. As ¢ rises,
consumers are all the more ready to pay a higher price to the on line seller
since they are far from the traditional shop. When T is zero, the on line seller
still benefits from a captive demand and then both firms set a positive mark up
(2t/3 for firm ¢ and t/3 for firm s).

In conclusion, despite the existence of an on line seller whose offer gives the

same utility to all consumers whatever their location, competition is reduced as
long as t is strictly positive.

Market shares

The equilibrium market shares are given by

t+7T t+7T
Dy(pt,pr) = D;(pt,pH)=1—
(3, p}) LT (3. p}) ST
Proposition 2.a :
(4) Ds(ps,p}) > Di(ps,pi) & T <t
(”) 8Dz(gtwp-) >0

As long as T' < t , the electronic commerce firm gets a bigger market share
than the physical shop. Moreover, the market share of the electronic commerce
firm and the physical shop respectively increases and decreases with t. This is
quite coherent with the previous results: when consumers’ transportation costs
rise, buying on line becomes more attractive to consumers.

Proposition 2.b : When t is zero, the traditional shop serves
the whole market. But when T is zero, it keeps one third of the
market. Furthermore, the distribution of market shares when T is 0
is (2/3;1/3) whatever the value of t.



When t is 0, there is a perfect competition and the physical shop is always
able to set a lower price than its competitor that supports logistic costs. When
T is 0, the price that would give the whole market to the electronic commerce
firm leads to zero profit.

Profits

The equilibrium profits are:

2 2
. t+T e o 2072t 4+T)
S b 'L :t 'L S Z = a7 1 o
s (75, 20) <3t+T) mesPl) = e
Lemma 3.a:
(4) mo(pt,pf) < mi(pt,pf) if T<t or if t<T < /3t
(43) ws(ps, pF) > mi(pk, pf) otherwise

When firms are located at the ends of the line, the on line seller has a higher
equilibrium profit than the traditional shop. This result is not only due to the
hypothesis T' < t. In the case T > ¢, there also exists some values of (¢;T") for
which firm ¢ has a higher profit than firm s.

Remark: Whent=T =71, w,(p},p}) =72 m(p:p}) =3

Proposition 3.b: Setting a fized price for home delivery gives a strategic
advantage to the electronic commerce firm.

Proof: If firm 7 sets a non discriminatory delivered price p;(x) +
T.x to consumer z, then its market share is determined by u such
that:

pi + T = ps + (1 — )

Then, if it sets an uniform delivered price p;, it keeps the same
market share, with p; is such that:

pi = ps +t(1 —7)

By setting an uniform delivered price, firm ¢ increases its profit of:

Am; = p;u — /T.xdx — p/i.ﬂ

o

Simple calculus leads to Am; = % (ﬂ)2 , the amount of logistic costs.
[ ]



This result may also be illustrated by the following graph.
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Benefit from uniform delivered pricing

The idea is quite intuitive. Firm ¢ can set to all consumers a home delivery
price equal to the cost of delivering consumer @ (the furthest consumer from the
warehouse) and keep the same market share.

Simple calculus also shows that the on line retailer profit increases with t.
The intuition of this result has been previously explained.

On the opposite, we find a quite amazing result about the profit of the
traditional shop: it increases with ¢ although the consumers’ trade off is less
favorable to the shop when t rises.

org
ot

>0

Proposition 3.c : When the consumers’ transportation cost rises,
although consumers’ trade off is less favorable to the shop, its profit
imncreases.

When ¢t rises, not only the on line retailer’s profit increases but also the
traditional shop’s profit does. Actually, there are two opposite effects on the
shop’s profit.

o The demand effect: consumers’ trade off is less favorable to the shop when
t rises, then its market share decreases.

e The competition effect: as consumers become more captive to on line
retailer, this latter increases its mark up and then the shop can set a
higher price too.

In conclusion, we found that although the on line seller proposes a fixed
price including home delivery whatever the consumer’s location, the existence
of consumer transportation costs prevents perfect competition from prevailing.



2.3 First best optimum with fixed locations

In this section, we compare the former equilibrium with the first best situation
in the case of fixed locations at (0,1).
The welfare W is the sum of consumers’ surplus and firms’ profit, then:

W:v—/Txdx— t(1 — z)dz
0

H|\»—-

At the equilibrium, the welfare is given by:

t (12 4+ 6tT 4 T7)
2(3t + 1)

*_

The first best optimum maximizes W, i.e. minimizes the whole transporta-
tion costs that consumers and firm ¢ bear. For fixed locations at (0,1), first best
optimum market shares are given by:

1st _ t 1st __ T

Ct+T S t+T
Then the first best welfare is given by:

tT

Wlst — o
TR

The comparison between the first best optimum and the equilibrium leads
to the following proposition:

Proposition 4 : For fized locations at (0,1), the shop’s equilib-
rium market share is higher than its first best value.

This result comes from 7' < t (we find the opposite result in the case T' > t).

In conclusion, if the electronic commerce firm enjoys a know-how and a
technology such that T' < t, its equilibrium market share will always be lower
than its first best value.

3 COMPETITION WITH ENDOGENEOUS LO-
CATIONS

In this section we investigate the case where the firms choose their locations: [, is
the location of the traditional shop, and I; is the location chosen by the electronic
commerce firm for its warehouse. The assumptions of the model are the same as
in the fixed locations model apart from the choice of locations that takes place



before the price competition. We also assume that the traditional shop chooses
its location first. This assumption is quite relevant since the establishment of a
new shop involves important fixed costs. We first give the intuition of the game
before presenting it in a more formal way (section 3.1).

We examine two different cases. In the first case, the different steps of the
game are:

e step 1: firm s chooses [

e step 2: firm ¢ chooses simultaneously I; and the demand it will serve (we
will explain why this issue is relevant with endogenous locations)

e step §: firms compete in price

Implicitly, the traditional shop anticipates the reaction of its competitor
when it determines its location. This is relevant for a recent establishment firm.

In the second case, the traditional firm did not expect the competition of
the electronic commerce firm and, as a monopoly, chose to establish its shop
in the middle of the line: I = 1/2. This illustrates the case of an older firm
that settled in several decades ago. So I, is assumed to be fixed at 1/2 and the
different steps of the game are:

e step 1: firm ¢ chooses simultaneously /; and the demand it will serve

e step 2: firms compete in price

We will first develop the second case. The case of a recent firm, more com-
plex, is treated in appendix 7.2: we show that the equilibrium location is also
I* = 1/2 when the firm anticipates the behavior of the on line seller. Then the
results we find for an older firm remain valid in this case.

3.1 The traditional shop is at the middle of the line

As we just explained it, the shop is assumed to be located at I; = 1/2. So
consumers who prefer to go to the shop will be around its location in 1/2. This
implies a particular form of demand functions.

I FHrms ;
F Fi
I irmi I ,I irmi |
0 ;l % 1- V 1




There is not one, but two indifferent consumers: one on the left side noted

y and the other on the right side located at point 1 — 3y where ¥ is determined
by pi = ps +1(1/2 — 7). Thus,

_ 1 i — Ps

Y73 t
The consumers who go to the shop are between the two indifferent consumers.
The others who would rather buy on line are divided in two parts, but the on
line retailer may prefer not to serve all of them. If he decides to do so, then
he would have to cross the area of the consumers that go to the shop. On the
contrary, if he decides not to serve some consumers, they will go to the shop as
we assumed that they prefer to buy the good anyway®. Let h be the decision
of firm ¢ about the demand it decides to serve, h equals gd if it serves all of it,
and h equals g (resp. d) if it chooses to serve only the left side of it (resp. the
right side). The symmetry of the problem allows us to restrict the study to the
case h € {g, gd}.

In the first step of the game, a strategy of firm ¢ is defined by (h,[;) where
h € {g,dg} and I; € [0,1]. In the second step of the game, firms compete in
price.

The resolution of the game is made by backward induction. We first solve the
last stage of the game: price competition. One should note that it is necessary
to make the distinction between two different cases h = ¢ and h = gd because
it induces particular specifications for demand and logistic costs functions. For
each case h, we determine the subgame equilibrium profits 7% (l;) and "(l;)
from the price competition game.

Then we solve the first stage of the game where firm ¢ takes its decision
(h*,1¥) in the following way:

Ir= arg maxm; (L)
where 7; (I;) is defined by:

7; ([;) = max {’Ng l; ,ng li}
(1) = mae {x? (1) 2" 1)

Proposition 4.a: When the traditional shop is located in the middle
of the line, it dissuades the electronic commerce firm from serving
some of the customers that would like to buy on line at the equilib-
rium prices (h* = g).

Proof: Appendix 6.1.

3 Obviously, it would be different if we would have a circle instead of a line. But the aim
of the paper is to illustrate a situation where some of the consumers are cut off.
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Proposition 4.b: The electronic commerce firm always chooses not
to serve all its demand to reduce competition rather to minimize
logistic costs.

Firm ¢ chooses h = g for every values of t and T', even when T is 0. So this
choice does not depend on logistic costs. When firm ¢ decides to give up the
right side of its demand, these consumers go to the traditional shop. Then, firm
s can set a higher price than the one it would have set if h = gd. Thus, there
are two positive effects on firm ¢’s profit. Firstly, 7 increases and secondly firm
1 may also rise its price. These two effects compensate for the loss of market
share due to the decision h = g.

As h = g, demand functions are given by:

1/2 it pi<ps
1 pi_ps . t
Di(phps):g: 57 t lf pS szglt?s+§
0 lf pi2p5+_
2
t
1 if Ps Spi_E
DS(pi’pS):l_y: %erZZPS if pi_%gpsgpz
1/2 it  ps>pi

The logistic function is given by:
li y—l
Ly, ;) = [ Tudu+ /T.udu =
0 0
The other cases are developed in appendix 7.1.
3.2 The equilibrium when the shop is in the middle of the
line
The resolution of the model leads to h* = g (proposition 4.a) and the following

equilibrium values:
N 3t(2t+1T)

© 7 2(1882 + 10T + T2)

Simple calculus shows that [} is decreasing with 7" and increasing with t. Because
of the logistic costs function specification, firm i always locates near the middle
of the demand it serves (but not exactly, as explained at the time of the calculus
of the equilibrium market shares). We will also see that firm i’s market share
is decreasing with T. So the warehouse mooves to the left when T rises. The
opposite occures when ¢ rises.

11



Equilibrium prices

Equilibrium prices are given by:
(1) = 3t(6t2 + 6tT + T2) (1) = t (9% + TtT + T?)
Pl =oase vioer +12) PV T I8t 10T + 12
The study of the equilibrium values confirms the intuitions and results of the

fixed locations model. Furthermore, the comparison between the equilibrium
prices for fixed and endogenous locations leads to the following result:

Proposition 5: When the shop is located at the middle of the
line, it faces a new trade off and finally sets a higher price compared
to the case of fixed locations at (0,1). On the contrary, the on line
retailer lowers its price.

Firm 7 lowers its price for two reasons. Firstly, it can reduce its costs by
choosing its location and secondly, it has to be more competitive when the shop
is in the middle of the line.

Firm s faces the following trade off. On the one hand, it may raise its price
without loosing the consumers on its right (as firm ¢ refuses to serve them). One
the other hand, if it does, it will reduce its market share on its left. Obviously,
firm s will make more profit by extracting the surplus of all the right side
consumers than by staying competitive for the left side consumers, and finally
raises its price.

Markets shares:

The equilibrium market shares are given by:

DEIE) = 57 (17) = 3t(3t+1T) (1) = 9t + TtT + T2

v ! 18t2 + 10¢tT + T2 s 18t2 + 10tT + T2

As for fixed locations, firm i’s market share is decreasing with 7', and increasing
with ¢. Furthermore, firm 7 is not exactly located at the middle of the demand it
serves. Actually, we have [} < %—) When firm 4 chooses its location, it takes
into account not only the logistic costs, but also the consequences on prices,
demand, and then on its location, etc.

Profits:

The equilibrium profits are:

2

2 2 2
) = 9t (2t +1T) () =t 92 +TtT + T

PN 4(1862 + 10tT + T2) SVl 1882 4+ 10t T + T2

The study of the profits confirms the intuitions and results of the fixed locations
model. Furthermore, simple calculus leads to the following proposition.

12



Proposition 6: When the shop is located at the middle of the line, it
has a better profit compared to the fized locations at (0,1) situation.
Furthermore, it has a better profit than its competitor.

Although firm ¢ is the only one that can take advantage of the existence of
consumers’ transportation costs, firm s has a better equilibrium profit than its
competitor because it can extract much more surplus to the right side consumers
that firm ¢ refuses to serve.

3.3 Endogenous choice of

We also explored the case where the shop anticipates the competition of the elec-
tronic commerce firm and then determines its location as a Stackelberg leader
of the location game. This may be the case for a recent establishment firm. The
resolution of this game is more complex but quite similar to the case Iy = 1/2.
We found the following result:

Proposition 7: When the traditional shop anticipates the re-
action of the electronic commerce firm, it chooses to locate in the
middle of the line.

Proof: appendix 6.2

So the previous results remain valid.

3.4 First best optimum with endogenous locations

The welfare W¥ is the sum of consumers’ surplus and firms’ profit. It takes
different values according to locations and the repartition of demand between
the two firms (see appendix 6.3). For endogenous locations and h = g, the
welfare is given by:

Y 1
0 v

The first best optimum defines the market share and location of each firm
that maximize the welfare. The prices do not appear in the expression of W ¥
because they only modify the repartition of the total surplus between firms and
consumers but not the amount of the welfare.

dzx

Lemma 9.a : At the first best optimum, each firm’s demand is
on either side of the indifferent consumer.

Proof : appendix 6.3

13



The first best optimum rules out the case where there may be some con-
sumers who would rather buy on line on both sides of the shop. Therefore the
expression of the welfare is WF. The first best values are given by:

3 1st __ 1 T —1st — 3 Wlst — v— T

2t+1) °  20+1) Y Ti+T 1(t+ 1)

1st __

At the previous equilibrium, the welfare was:

t(t+T) (162> + 108t>T + 22tT* 4 T)

WE* S .
4 (18t2 + 10tT + T?)

Proposition 9.b : For endogenous locations, the shop’s equilib-
rium market share is higher than its first best value.

This result is valid for every values of ¢ and T such that ¢t > T. It shows
that in our context, a welfare maximizing authority would increase the role of
the Internet firm*.

4 PRODUCTS DIFFERENTIATION INTER-
PRETATION

The classical Hotelling model has got two possible interpretations: the geograph-
ical one and the products differentiation one. This model also offers a products
differentiation interpretation: it could illustrate the competition between a firm
that sells personalized products and another that offers a standardized product.
In the first case, the good perfectly meets the consumer’s preferences and the
latter may pay a higher price for that service (like the uniform delivered price
in the previous model). In the second case, the good may be less expensive,
but does not exactly correspond to the consumer’s preferences and so he bears
a cost with respect to the distance from his ideal good.

This new issue is also relevant in electronic commerce framework because
there are many sellers on the Internet that offer personalized products.

In relation to the previous model, firm s supplies one single product whose
characteristics are defined by l;. Then ¢ can be interpreted as consumer’s at-
tachment to its ideal product. Firm ¢ makes personalized product from a ”basic
product” defined by ;. Thus T'(z) is the cost of making a good which is at a
distance z of the basic product.

We can transpose all the results of the previous model that do not stem from
the comparison between ¢t and T' (which is not relevant here). Thus we can state
the following propositions.

10f course, this result is only valid in the context of our model where no fixed costs are
incurred.
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e The more consumers are attached to their ideal product, the more firms
make profits. This is relevant not only for firm ¢ that supply personalized
products, but also for firm s that sells one single product although its
market share decreases (propositions 1, 2.a and 3.c).

e Setting the same price for a personalized good to all consumers gives a
strategic advantage to firm 4 (proposition 3.b).

e When firm s chooses its product first, it stands in the middle of the line
(proposition 7) and then gets a higher profit than the firm who makes
personalized products (proposition 6).

e In this case, firm i refuses to supply some consumers in order to reduce
competition, even if it can personalize products for free (proposition 4.b).

5 CONCLUSION

We showed that although the on line seller sets a fixed price including home
delivery whatever the consumer’s location, the existence of consumers’ trans-
portation costs prevents perfect competition. We also showed that uniform
delivered pricing gives a strategic advantage to the electronic commerce firm.
But even so, by choosing an appropriate location, the shop can dissuade the
electronic commerce firm from serving some of its customers and thus makes a
higher profit than the latter. When the shop is in the middle of the line, the
electronic commerce firm always chooses not to serve all of its demand in order
to reduce competition rather to minimize logistic costs.

The model also has a product differentiation interpretation. It may illus-
trate the competition between a firm that sells some personalized products and
another that proposes a single product.
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6 APPENDIX

6.1 Choice of h when lz is endogenous and ls = 1/2

The resolution of the problem presented in section 3.2 is quite intuitive. Actually we
will resolve the problem in the following way, which is technically simpler and perfectly
equivalent to the former. Decision h* € {g,dg} is determined by:

W = arg max {ng(llg),ﬂ'lgd(lfd)}
{9,9d}

where W?(lf) is the maximum profit that firm ¢ can get by choosing the best location
l? when h, then:

i (1) = maxy (1;)

i

6.1.1 Caseh=g

Demand and logistic costs functions in the case h = g have been defined in section
3.2. The optimal response functions are given by:

5~

t 1
Ps if p5>§+T( ll>
1 t 1
(pg) = tl=+T(=—-1 t+T
Pi(ps) 2t+T{ {2+ (2 z):|+( + )ps}

1 t
if 0<p, <T|=-1 =
1 <ps < <2 )+2
t if >3t
i — = 1 P > o
T2 I
s(pi) = - | = A if _<1§_t
ps(pi) 2(2+p) i 5 SPi<3
t
no production if 0<p; <

There is a single price equilibrium that leads to subgame equilibrium value:

 —AT [182 +10¢T + T?] (1:)* + 12tT (2t + T)l; + 9¢2(2t + T)

mi () 8(3t+ 1)
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Thus the optimal location and the equilibrium values are:

9 _ 3t(2t +1T) 9(19) = 3t(6t° + 6tT + T°) g(g)_t(9t2+7tT+T2)
T s 1+ 12) Y T gase i +12) PV T I8 1106 + 12

t(3t+T t2 + 7tT + 17
D) =7 = 3t(3t+1T) 0(19) 9t% + 7tT +
i 18¢2 + 10tT + T2 ©018t2 + 10T + T2
9(17) = 9t2 (2t + T) 2919 = 92 + 7tT + T2 |
VT4 (1862 + 10T + T72) SV 182 + 10t + T2

6.1.2 Case h=gd:

1 if Pi Sps
- pL—ps . t
= 1= — <p; < —
Di(piyps) = 2y 1-2 < t ) if Ps S P S Ps+ D)
t
0 if Di Zps‘f' 5
t
1 if Ps szfi
i = | — Ps . t
Ds(pzvps)* 1_2@_2(27@ tp ) if pi—§§p5§pi
0 if Ps Zpi

15 Y 1
If ll < y, then L(ll,y) = fT(ll - u)du + fT(’LL - ll)du + f T(u - ll)du
0 N 1-y

i ]
Price competition leads to the following optimal response functions:
t 1
Ps ifps > +T (51
2 2
pi(ps) = 1 . 1
—(2ps4+t+T—2TL) if0<p,<—-+T|(=—1
4 2 2
t
pi— = ifp; >t
ps(Pi) = p; 2
5 f0<p <t

There is a single price equilibrium that leads to subgame equilibrium value:

2T (2T — 9t) (I,)° + 4T (2t — T)l; + (2t — T)?
B 18t

The optimal location and the equilibrium values are:

m4(l;)

pod _ 2= T pgd(gd):t(3t+T) pod(19) = t(3t+T)
tooge—2r Tt 9t —2T = V" )7 2(9t —2T)
3(2t*T) d gt+T

podedy = 2\ 2T 2 ) ped(9dy —
i) =5 o7 ¢ = 557
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2 2
gd jody _ (2t —T) gdgody _ t (3t+T
) = sy ™ W) =3 oo
Y 1
Ify <1l; <1-7, then L(l;,7) = [T(l; —uw)du+ [ T(u—1;)du=T75(1—-7).
0 1-y

In this case, firm ¢ is indifferent about [;.
Price competition leads to the following optimal response functions:

. t
Ds if Ds > 5
pi(ps) = 2 +2(t—T)p t
—— Ff 0<ps <=
202t —1T) =Ps =79
t
Pi—3 it pi>t
ps(pi) = i .
D) if 0<p; <t
As firm 7 is indifferent about [;, we determine the equilibrium values for ¥ < [;:
t2 t2 2t—T
97 < 1) = 9l <1)=——"" DIYG<I) =
t (2t —T)* £3
DIG <l;) = ng_<li:77rgd_<li:7

So we can determine the optimal choice of I[; when h = gd :
When [; < 7, firm ¢ gets a profit (2t — T)2 /2(9t —2T). When § < [;, it gets

a profit (2t — T)3 /4 (3t — T)Q. Simple calculus shows that for every values of (t,7")
_ (2t=7)°

the optimal decision when h = gd is such that I; <7%. Then W?d(ligd) = 300r=27)

6.1.3 Firm ¢’s decision about h

The choice of h is determined by:

B — arg max {Wg(zg),wgd(ggd)}
{9,9d}

Simple calculus shows that 77 (1Y) > Wfd(lfd), Y(¢,T). Then, h* = g.

6.2 Case where ls is endogenous

The traditional shop is now able to choose its location s and anticipates the reaction
of the on line retailer. In this case, the shop faces new strategic decisions.

Either the shop is far enough from the ends of the line, then firm ¢’s demand is
divided in two parts (as for [; = 1/2) and the latter has to choose h € {g,d, gd} and
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l;. The symmetry of the problem allows us to restrict the study to the case {5 > 1/2,
so we eliminate the case h = d.

Or the shop is close enough to the right end of the line, then each demand is on
either side of the indifferent consumer and firm ¢’s choice is limited to [;.

The endogenous choice [ implies a new strategy for the shop because a priori, [
determines if firm ¢’s demand is divided in two parts and, if it is, what firm ¢ may
decide about h (g or gd). Indeed, the greater [ is, the smaller the right side of firm
©’s demand is, and the smaller the incentive to serve it will be. A priori, there should
exist a value [, above which h = g.

As the shop supplies the consumers left by the on line retailer, its trade off is the
following. Setting on the right to make firm ¢ choose h = g, but setting as left as
possible to make the right side of firm ¢’s demand (that the shop will finally serve)
bigger. Actually, we show in section 3 that even for [; = 1/2, firm ¢ decides h = g
for every values of t and 7', for other reasons than logistic costs (proposition 4.b).

In the formal study of the case where [, is endogenous, simulations on ¢ and T’
show that 1, is always under 0.41, but we assumed s > 1/2. So there is no value of
ls for which firm 7 decides to serve all its demand.

We also show that the shop always sets [s such that firm i’s demand is divided
in two parts, as this latter always chooses h = g. Then the shop is setting as left as
possible and chooses [* = 1/2.

6.3 First best optimum with endogenous locations

We determine the case that prevails in the first best optimum:

- For the case 2l — Y > 1, see section 3.4. Then, the maximum surplus is reached
when 2l; —y = 1.

- For the case 2l — Y < 1 and h = gd, as the consumers located between 7 and
2l — Y go to shop, the welfare is given by:

v 20s—7y 1
W:v—/T\li—x\da:— /t|lsfa:|d:rf /T(lifa:)d:r
0 y QZs_y

and the first best values that minimize the transportation costs would be [; = [, =
y=1/2. Then, W =v —T/4.

- For the case 2l — 7 < 1 and h = g, the welfare function is the same as for the
case 2l —y > 1. The maximum of this function is reached when 2l; — 3y = 1. So,
the case 2l3 — ¥ < 1 and h = g do not prevail at the first best optimum.

When we compare the maximum welfare in the case 2l; — 7 < 1, h = gd and the
case 2l; — Yy = 1, we easily find that for every T > O: 4(tt—IT)< 4T

Then the first best optimum is such that 2l; — 7 =1 (so h = g). The first best

values are given in section 3.4.
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