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ABSTRACT

THREE ESSAYS ON THE ECONOMICS OF SPATIAL PRICE DISIMINATION:
[) STRATEGIC DELEGATION UNDER SPATIAL PRICE DISCRIMIATION
I1) CONSISTENT LOCATION CONJECTURES UNDER SPKRL PRICE
DISCRIMINATION
l11) HOW TO LICENSE A TRANSPORT INNOVATION

by
Zheng Wang

The University of Wisconsin — Milwaukee, 2014
Under the Supervision of Professor John S. Heywood

This dissertation consists of three papers thamadels of spatial price discrimination to
explore issues of long-standing interest in micomernics. The first essay introduces
strategic delegation into the traditional modespétial price discrimination. In both
simultaneous and sequential location cases, délggatation choices to managers
causes firms to move toward each other. This monetgpically reduces social welfare.
While exceptions exist for high cost convexity dadsome cases of elastic demand, this
reduction reverses the increase in welfare assatiwaith delegation in common quantity
games outside the spatial context. The second payguely explores consistent location
conjectures in a model of spatial price discrimratWith linear production cost, firms
locate too close to the center resulting in redismedal welfare relative to Nash
conjectures. Thus, the frequent association ofapaice discrimination with efficiency
vanishes when firms anticipate their rival's reg@With quadratic production cost, the



firms continue to locate closer to the center hatdegree of convexity determines
whether or not welfare increases or decreasesvekat Nash. The third paper identifies
the optimal method to license an innovation thdtioes transport cost in a model of
duopolists engaging in spatial price discriminatiAn inside innovator finds licensing by
either a typical fixed fee or an output royaltyb® unprofitable. Instead, a fee based on
distance is shown to be a profitable option. Arsml# innovator finds the fixed fee more
profitable than either a royalty or distance feavill license to either one or both firms
and when it does license to both firms, it explaitgrisoner’s dilemma between the

duopolists in order to license an innovation tieaiuces their profit.
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THREE ESSAYS ON THE ECONOMICS OF SPATIAL PRICE DISIMINATION:

[) STRATEGIC DELEGATION UNDER SPATIAL PRICE DISCRINIATION



1. Introduction

The separation between ownership and control madédegation, empowering
someone to act on behalf of another, the hallmatkeomodern corporation. Yet,
economists view delegation in two very distinctiiass. First, it stands as an expression
of agency problems in which monitoring, incentivasd control systems are needed to
align the interests of the principal and agent G#dxons 2005 and Prendergast 1999).
Second, it represents an opportunity to commibtaetitive strategies that are in the
interest of the principal, but which would not bredible to rivals without delegation. In
this second view, delegation profitalsppsthe alignment of the interests of the
principal and agent. In the classic case, the owommits to an incentive contract that
rewards a manager for output, sales, or markeeshad thereby creates a more
aggressive manager. As this manager responds fadantive contract by producing
more, it causes rivals to reduce their output, @rdultimately increase the owner's profit
(Vickers 1985; Fershtman and Judd 1987; Sklivag L9%hile illustrations in the
literature on the use of strategic delegation amraous, its basic insights have not been
applied to the standard model of spatial priceriisioation! As we make clear, such an
application is fruitful, and provides predictiotsat would not typically be drawn from
the literature outside the spatial context.

Examining delegation in spatial models is warrartedause such models have
proven especially useful in capturing aspects afjetition in horizontally differentiated
markets as emphasized by Tirole (1988). Specifictiliey provide a general method for
examining markets in which either actual locationaa ordered product characteristic

differentiates output. Thus, airline flights betwesty pairs differ by departure time from



early morning to late evening, the editorial p@giof newspapers differ from liberal left
to conservative right, and breakfast cereals diffeheir sugar content. Among the more
popular spatial models is that of spatial pricedisination, in which the price a firm is
able to charge depends upon how "close" it isstoivials. Thisse and Vives (1988) show
that such pricing is the preferred alternative whiens are able to adopt it, and Greenhut
(1981) identifies it as "nearly ubiquitous" amongual markets with substantial freight
costs. Thus, our study of delegation in the cont#xspatial price discrimination has
salience as well as being a sensible extensidmeoéxisting literature.

In the classic application outside the spatial erntthere exists a prisoner's
dilemma in which each owner has a competitive itigerto create more aggressive
managers, but all owners suffer reduced profitsl @rhanced social welfare) when all
managers are aggressive. Thus, each owner rewisrdghager for output, and as a
consequence, total market output increases. $naty, the choice of strategic
delegation becomes part of a subgame perfect bquih that improves social welfare
relative to a simultaneous quantity game witholggtion. We will show that this is
typically not the result in spatial price discriration. Although delegation and more
aggressive managers result as part of the equitigrine consequence is often
diminished social welfare.

There have been several examinations of delegatithre spatial context but
none consider spatial price discrimination in whilghivery is included in the price.
Instead, they assume Hotelling type models with pmiting. Matsumura and
Matsushima (2012) imagine delegating both loca#iod price choices in a setting

analogous to zoning. They imagine Hotelling contpetiwith a uniform market on a



line segment, and consider a policy that eithehiits or allows duopolists to locate
outside the market. Under delegation, the prolubitdiminishes consumer welfare but
the locations themselves (both with and withoutgta@hibition) are actually unchanged
by delegation. As will be seen, locations changerditically with delegation in our
model of spatial price discrimination.

In addition to this examination of “complete delega,” other researchers
explore “partial delegation.” Liang et al. (2011ddel delegation in an "uncovered"
Hotelling modef They assume owners adopt locations in a firsiestand then set a
delegation contract for managers who compete hegjtrice or quantity in a second
stage. They show that the form of second stage ebtigm does not influence location.
Barcena-Ruiz and Casado-lzaga (2005) imagine ovdedegate the price decision but
can decide whether or not to delegate locationsttats in the final stage. In equilibrium,
neither firm delegates the location decision. Asgchoices are strategic complements
to managers, the firms locate farther away fronhexdher than without delegation. Zhao
(2012) imagines three choice variables: locaticDRand price. He assumes that
owners retain the location choice but are ablesteghte R&D investment and price. In
equilibrium, the partial delegation involves deliigg only the price decision to the
managers. Each owner locates his firm farther dway his rival to increase the product
variety, and the level of R&D investment and prace higher.

In the context of spatial price discrimination, fedow the early tradition of
examining a delegation contract that rewards gtiantet, with the typical assumptions
that the entire market is served and that demaimlastic, a one-to-one correspondence

exists between rewarding output and rewarding matkare (Jansen et al. 2007; Ritz



2008). This may be reassuring because market sftarestands as an explicit objective
in the performance standards generated by compemsaimmittees of boards of
directors (Borkowski 1999).

In what follows, we start with two firms engaginggpatial price discrimination
with linear production costs and simultaneous liocathoices on a linear market with
inelastic demand. We show that delegation of locait adopted in equilibrium. This
adoption causes the firms to locate closer toge#rat as a consequence, it increases
social cost. We then modify this basic case abbsgries of dimensions. First, we allow
for sequential location decisions. Following therature outside the spatial context, we
show that only the second mover has an incentigeliegate, but again delegation
increases social cost. Second, we retain two fimitis simultaneous location choices but
assume convex production costs. This case is iapipras Gupta (1994) shows that
spatial price discrimination with convex costs gates inefficient locations even without
delegation, as each firm tries to give away ithhagst marginal customer to its rival.
We show that allowing delegation in this case ddreeimprove or hurt welfare
depending upon the degree of cost convexity. Thdreturn to the basic case, but
generalize to firms, showing that the basic insight remains wittifare being
diminished. Finally, we consider elastic demand otuopoly. Delegation continues to
cause the firms to move toward each other and hesgtfare as long as transport costs
are not large. Thus, the consequences of delegatider spatial price discrimination
depend on the particular assumptions, but we eng#htsat they are clearly not those
that would be anticipated from the literature ofedating quantity decisions in typical

oligopolies.



In the next section, we set up the basic duopolgiehof spatial price
discrimination with linear production costs andedgdtion. We next derive the subgame
perfect equilibrium, and compare to the case witllo@ possibility of delegation.
Subsequent sections consider each of the extensmased above, and a final section

concludes the paper by suggesting avenues foreiurdésearch.

2. Solving for Equilibrium in the Basic Model

In the basic model, two firms engage in spatiatgdiscrimination, and the game
is structured with four potential stages. In thistfstagethe owner decides whether or
not to delegate the location choice to a manag@rbyiding an incentive contract. If
they decide to do so, the terms of the incentivereat are simultaneously chosen in the
second stage. We imagine owners provide an inanbwntract that has convex weights
on profit and output. Given the chosen incentiveggiMs, managers adopt locations in the
third stage and the price schedule is determinglariinal stage given the locations. The
subgame perfect equilibrium is determined by backvireduction. Thus, our model
represents a case of partial delegation becausetaia spatial price discrimination
rather than delegating price schedules as a sitatatable®

To show the backward induction, we first descriee nature of the pricing
equilibrium given locations. We imagine consumeesumiformly distributed along a
unit line segment. Each consumer has inelastic ddrfa one unit of the good, with
reservation price. Two firms compete with a common constant marguosk of
production which we normalize to zero without lo$generality. Transport costtper

unit of distanceL,; andL, are firm locations witlL.; < L,. The equilibrium delivered



price schedule for any consumer locater iatp*(x, L,,L,) = max {t(L, — x), t(x —
L1)}. As shown in Figure 1, the bold envelope represt price schedule. It is the
upper envelope of the rival's transport cost. Byvemtion, the indifferent customer

(faces the same delivered price from either firar) purchase from either firm. That

(L1+L5)

customer has locatior'= and defines the output of firm 1 @s= x* and of firm

2asq, =1—x".
<Insert Figure 1 about here>

Given the pricing equilibrium, the profits of thed firms follow as:
7y = [ t(Ly — %) — t(Ly — x)dx + fo: t(Ly — x) — t(x — Ly)dx (1)

Ty = fo*Z t(x — L) —t(Ly — x)dx + lez t(x —Ly) —t(x — Ly)dx (2)

and these are identified in Figure 1. Note thaifoy given locations, owners would not
delegate the pricing decision to manaders.

Managers determine locations under delegation lz@ygdo so to maximize their
respective incentive contracts. Managers are pasedbon incentive contracts that retain

weighta on firm profit and weighti — «) on firm’s output, with) < a < 1:

L =aym + (1 —ay)q, (3)

I = a;m; + (1 — az)q; 4) (



Thus, (1) and (2) are substituted into (3) andaf®) each manager maximizes their
earnings (incentive contract) with respect to thmtation. This yields two best response

functions in which the location of one firm depeng®n the location of the other firm:
Ll = (1 + OlltLZ - al)/30{1t (5)
LZ = (_1+a2tL1 +2a2t+a2)/30(2t (6)
Solving simultaneously yields the optimal locations
Ll = (3“2 - (ll + 2(110{21‘ - zalaz)/8a1a2t (7)
LZ = (az - 3“1 + 6a10(2t + Zalaz)/8a1a2t (8)
We note tha% <0 and% > 0 for anya; = a, < 1. These movements toward the
corners reflect the change thahakes in managers balancing the loss in profittaad
gain in output caused by the incentive parametargiven locations, asincreases
profit increases meaning that for a given incenpaeameter movement toward the
middle now entails a greater reduction in profitdogiven increase in outputThus, all
else equal, managers do not move as far towanhidhdie whert is large.
Given these locations, owners determine the optinc&intive parameters;, and
a,. Plugging equations (7) and (8) into equationsa(ld (2) each owner maximizes his
own profit with respect to his manager's incenpaeameter. This yields two best
response functions of one owner's incentive paranast a function of the other owner's
parameter. Solving the response functions simuttaslg yields the equilibrium

incentive parameters:



a=a, =3/(3+¢1) 9

The incentive parameters on profit decreasarageases. Owners who want managers to
be more aggressive and locate toward the middyKkhat smaller weights on profit are
required whert is large. The largdrincreases the size of profit and otherwise makes
managers less willing to move toward the centetessribed above. The owner
responds by reducing the weight on profit.

Returning (9) to (7) and (8) yields the equilibrilmeations at the thirds:

L, =.333and L, = .667 (10)

Although the incentive parameters depend, dhe firms’ locations do not depend bn
This happens becauseancels out as a result of the linearity of tramspnd production
costs and the symmetry of the problem. In esséheewner wishes his manager to
seek an optimal location, and adjusts the incermgarameter to achieve this location.

Returning (10) to (1) and (2) yields:

m, =m, =.139 (11)

Thus, (9), (10), and (11) characterize the equilibron the assumption that each owner

adopts delegation if the choice is available. W& sbhow that such adoption will occur.

Proposition 1: When delegation is available, it will be chosed ¢e equilibrium will
be as identified in (9), (10), and (11).

Proof: The payoffs for the choices of each firm are shawTable 1.
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<Table 1 about here>

The profit for both owners delegating is in (1Idahat for both choosing no delegation
comes from Hurter and Lederer (1985) and equats .188t. The off diagonal terms
have only one firm adopting delegation and are sgtnm Their derivation is presented

in Appendix 1. Delegating is the dominant strategy.

Given that the delegation game will emerge in elguilm, we compare it to the
traditional equilibrium without delegation. Whilegdits and locations can be
immediately compared, social welfa@\j follows as the difference between total

willingness to pay and the transport cast):
SW =1 — TCwhere TC=t(L;)? + 7 t(Ly — Ly)? + 5 t(1 — Ly)? (12)
With this,we summarize the comparison.

Proposition 2: With delegation, i) locations are closer to teeter, ii) profits are lower,
and iii) social welfare is lower than without dedgign.

Proof: The equilibrium in (9), (10), and (11) is compatedhat without delegation.

i) Without delegationL; = .25 andL, = .75 (Hurter and Lederer 1985). Thus,

(L, —Ly) — (L, —Ly) = —.167 < 0.

i) m; —m; = .139t —.188t = —.049¢t < 0.

iii) From (12),SWL, = .333,L, = .667) - SWL; = .25,L, = .75) = (r —.139t) —

(r —.125¢) < 0.
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Our presentation reproduces much of the logic foutside the spatial context but
with rather different outcomes. There remainsrdreient prisoner's dilemma at the heart
of our delegation game. Each owner benefits froitaterally providing an incentive for
his manager to locate aggressively but each owrftars losses when both managers
receive such incentives. Under delegation, eachagermoves toward the middle under
delegation in an effort to capture output. Moreoy@st as incentive contracts need not
alter the market shares outside the spatial cogmexttwo firms continue to split the
market evenly even with incentive contracts thates¢éo move the two firms toward each
other. Yet, the typical assumption of inelastic dachin our presentation means that the
ability to delegate actually wastes resources. @aien results in an 11% increase in
transport costs. Thus, while a social planer psefie@legation in a typical quantity game
outside the spatial context, the planer would prigdeabsence in a market characterized

by spatial price discriminatioh.

3. First Extension: Sequential Location

In this extension, we retain the set-up of thedasadel but imagine that
locations choices are sequential rather than sametius. Sequential location can be seen
as the analog to Stackelberg leadership in whiéhfiom commits earlier to an output
(Neven 1987). This early commitment typically résuh the leader producing more than
the follower and in total output and so social wedfbeing higher than in the
simultaneous Cournot mode¥et, sequential locations in spatial price disdmiation
deviate substantially from the first best locatiassociated with simultaneous choice and

So are associated with lower social welfare. G{p#82) shows that in duopoly, the
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location leader locates at .4 and the followeBaf his opens the possibility that
delegation may either improve or harm welfare m¢bntext of spatial price
discrimination.

The derivation remains the same except that witherlocation subgame firm 1
now locates first. Thus, the manager of firm 2 maxes (4) with respect tb, knowing

L, the location of firm 1. The best response funciton

—1+aytLi+2at+a
LZ — 20L1 2 2 (13)

3ast

firm 1’s manager returns this best response fundbq3) and maximizes with respect to

L,. Firm 1's location is:

L1 = (3“2 — + Zalazt - Zalaz)/Sazalt (14)

Returning equation (14) to equation (13), firm @sation in terms of the incentive

parameters is:

LZ = (—20{1 + 0{2 + 4(110{21: + alaz)/salazt (15)

Given equations (14) and (15), each owner maxinpzest with respect to their
own incentive parameters. This yields two bestaasp functions of one firm's incentive
parameter as function of the other. Solving sirmdtausly yields the equilibrium

incentive parameters:
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Note that the location leader ultimately does rededate and simply maximizes profit.
This result carries over from the Stackelberg ganmwehich the leader also never has an
incentive to delegate (see Kopel and Loffler 2008 bekeas and Stamatopoulos 2011).
In our case, the leader knows the complete begonsg function of the follower
including exactly how far the follower will retremt the face of its advances. As a
consequence, it has no incentive to tell its manag®cate any closer to the middle than
implied by profit maximizatiof.

Note that the follower's incentive parameter getsiller (more emphasis is placed
on output) as increases. As in the simultaneous caseéjrageases the follower earns
more profit and so its manager is more reluctamawe toward the middle. This can be
overcome only by the owner placing more emphasisutput’

Returning equation (16) to equations (14) and yi&lys:
L, =.286and L, = .571 (17)

Again the linearity and symmetry of the problemsssi to cancel yielding unique

locations. Returning these to equations (1) angiédis:
m; =.102t and T, = .143t (18)

As in the basic model, the equilibrium charactetibg (16), (17), and (18) will be that
adopted by the two firms if given a choice over abdity to delegaté®

This allows us to identify the consequences oégiation with sequential location.
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Proposition 3: When compared to the simultaneous location meaejuential location
choice results in locations that i) provide greatatput to the follower, ii) have lower
total profit, and iii) have lower social welfare.

Proof:

i) Given (17),q; = .429 andq, = .571 rather thany; = g, = 0.5 as in (10).

i) Subtracting the sum of profits in (11) from tha (18) yields -.038< 0.

iii) From (12),SWL, = .286, L, = .571) - SWL, = .333,L, = .667)= (r —.153t)-

(r —.139¢t) < 0.

Allowing sequential location lowers profit and waak while causing the follower to earn
more than the leader. While the disadvantage ftdaader also happens under delegation
in a Stackelberg game, the other consequences.difféhe Stackelberg game, total
output and social welfare are larger than in thar@ot game with delegation (Lekeas

and Stamatopoulos 2011). In spatial price discratiam, location leadership lowers
welfare. Thus, the social planner prefers leadprsha quantity game with delegation

but prefers simultaneous choice in a location gastie delegation.

We now examine the implication of delegation gigequential location choices.

Proposition 4: Allowing delegation in a model of sequential laoat i) causes the
follower to produce more than the leader, ii) restutotal profit, and iii) reduces social
welfare.

Proof:

i) Without delegatiorl; = .4 andL, = .8 (Gupta 1992) anq; — g, = .2 > 0. With

delegation (17) implies that — g, = —.143 < 0.
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i) Subtracting the sum of profits givén = .4 andL, = .8 from (18) yields -.076< 0.
iii) From (12),SWL, = .286,L, = .571) - SWL; = .4,L, = .8) = (r —.153t) —

(r—.14t) <O.

The critical insight is that delegation allows fo#lower to commit to behavior that
would not make sense in a simultaneous locationegdimus, as the follower puts more
and more emphasis on output, it is telling its nggndo locate increasingly close to the
market center regardless of the location of thddealhis commitment gets built into the
profit maximizing behavior of the leader who bab@lksher away from the middle
knowing the follower will be close to it. This ydd the asymmetric locations and large
advantage to the follower.

Comparisons to the typical Stackelberg model aagnagpluable. In such a model
allowing delegation also causes the outputs ofgader and follower to reverse such that
the follower produces more than the leader. Deélegalso causes total profits to be
reduced. Nonetheless, the critical social cost @mpn differs. In the Stackelberg
model, social welfare is higher when delegatioavailable. Allowing leadership in our
location game generates an aggressive stratedyelfpitower’s owner that causes
greater asymmetry and lower social welfare. Thimgortant as even absent delegation,
sequential entry generated highly asymmetric anstefial locations. Adding leadership
lowers social welfare even further.

It is worth noting that while we have followed thterature modeling delegation
in a Stackelberg quantity game (Kopel and Loffled2; Lekeas and Stamatopoulos
2011), other timings may be reasonable. The clifomt is that time passes between any

firm's delegation and location decision. Thus, alternative timing could have firm 1 set
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its incentive parameter, firm 2 then set its incenparameter and then the sequential
locations are chosen. We briefly consider thisrtigni

The profit functions and the incentive contraces as in (1), (2), (3), and (4).
With backward induction, we first solve the sequerbcation game and so (14) and (15)

remain the same. The owner of firm 2 maximizesipvath respect tax, yielding

7a
a, = L

= ——— . Thisis returned to (14) and (15) and placetheprofit function of
—4+4—ta1+110(1

firm 1. Maximizing, the owner of firm 1 set§ = % yieldinga, = ﬁ, Ly = 0.44,

L, = 0.67,m; = 0.11t, andmr, = 0.086t. In this case, firm 1 retains a leadership
advantage as it anticipates firm 2’s best respaonbeth the delegation stage and the
location game. Yet, in this timing firm 2 retaitetability to commit through delegation
and the equilibrium in some ways mirrors the sindous location game with the firms
ultimately moving toward each other.

A second alternative timing could have firm 1 adiogboth its incentive
parameter and location before firm 2 adopts anntinee parameter. Clearly, there is no
ability for firm to commit through delegating. Reting (13) to (2) yields firm 2’s profit
as a function ot,, L,, andt and the owner of firm 2 maximizes profit by segtin, = 1.
As a consequence, the owner of firm 1 has no ingetd have his manager locate more
aggressively than implied by profit maximizatiorhelequilibrium results are thus
identical to those without delegation (Gupta 1992)= 0.4, L, = 0.8, r; = 0.2t, and
m, = 0.12t.

As this discussion shows, the extent to which frcan use delegation to
credibly commit to aggressive behavior dependsherekact timing of the game. Our

propositions focus on the case analogous to thahared in the Stackelberg game and
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that which allows the greatest ability to commithil& we think it is one possible timing,

we recognize that others could also be reasonable.

4. Second Extension: Convex Production Cost

We now return to the assumption of simultaneouation from the basic model
but substitute linear production costs with congexduction costs. Such a substitution is
potentially important as Gupta (1994) shows thatanrspatial price discrimination, firms
with convex production costs locate inefficientigonvex costs generate an incentive for
the firms to move toward their respective cornarsrder to yield customers to their rival.
This movement increases the rival’'s marginal cagtso their delivered price. In turn,
the increased rival's price increases the profiteghon the infra-marginal customers
retained by the original firm. Yet, in equilibriueach firm behaves this way causing the
locations to remain symmetric but outside the efficquartiles. As we have shown that
delegation generates more aggressive managemdvattoward each other, assuming
convex production costs might provide a case aéghion improving welfare, reversing
the demonstrations of the earlier sections.

We follow Gupta (1994) assuming each firm's debkdeprice is the sum of

marginal production cost plus transport cost andhdept quadratic production costs

C = %kql-2 fori=1,2. As a consequence, the equilibrium delivgméce schedule for any
consumer located atis p*(x, Ly, L,) = max ({t|x — L,| + kx*},{t|L, — x| +

k(1 —x")}), wherex™ still represents firm 1's output and— x* is firm 2’ s output. The
price schedule is the sum of rival’s transport @vst marginal production cost. Utilizing

the price charged to the indifferent consumemglibfvs that firm 1's output isj; = x* =
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k+t(L1+Ly)

(e and so potentially depends on the degree of catyyded! The resulting

profits functions are:

T = fOLl t(L, —x) + k(1 —x*) —t(L; —x)dx + fol t(Ly, —x) + k(1 —x*) —
t0x — Ly)dx — 2k (x")>? (19)

T, = foz t(x —Ly) + kx*—t(L, —x)dx + lez t(x — L) + kx* —t(x — Ly)dx —
~k(1—x")? (20)

Placing (19) and (20) into (3) and (4), each managgximizes his incentive
contract with respect to his location. Simultandpaslving the resulting best response

functions yields:

Ly = (4ayk3a, + 8ayk? — 8k?aya; + 15a,k*ta, — 14ka ta, + 16akt’a, — akt +
15a,kt + 6a,t? — da t?ay + 4agtd3ay — 2a,t?)/8ayay (23 + 9kt? + 4k3 + 11k%t)  (21)

L, = (28a,k3a;, + 73a,k*ta, + 8k?aya, — 8a,k? — 15ka t + 56a kt?a, + 14a kta,
+aykt + 2a,t% — 6a,t? + 12a,t3a, + 4a t?ay) /8aay (2t3 + 9kt? + 4k3 + 11k%t)  (22)

Given (21) and (22), each owner maximizes profiegithe incentive parameter of his
rival. This generates two best response functiorierims of the incentive parameters that

when solved simultaneously yield:
a, = a, = 2(8k? + 15kt + 6t%)/(16k? + k*t + 4kt? + 30kt + 4t3 + 12t?) (23)

Note that the incentive parameters with linear €@} are recovered whénroO.

Returning (23) to (21) and (22) yields:

L, = (k* + 3kt + 2t?)/(8k?* + 15kt + 6t2) (24)
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L, = (7k? + 12kt + 4t*)/(8k? + 15kt + 6t2) (25)

Again, (24) and (25) generalize the linear casé shat ifk=0, we recover the locations
at the thirds, .333 and .667. Moreover, if we betvtalues of (24) and (25) to the efficient
locations of .25 and .75 and solve kit emerges thad=.42%. Thus for this value of
convexity, the locations chosen under delegatidhbeiefficient indicating that there is
clearly scope for delegation to increase welfare.

We present additional detail on the equilibriunthia following proposition.

9(Ly—L1)

pye >0

Proposition 5: When both firms delegate under convex productast, )
. aai

and ")E > 0.

Proof:

0(Ly—Lq)

) ——= 2t(9k? + 20kt + 12t%)/(8k? + 15kt + 6t2)%>0.

i) 0a;/0k = 2t2(17k? + 52kt + 36t2)/(k*t + 16k? + 30kt + 4kt? + 12t% +

4t3)2 >0.

Thus, for largek the owners adopt less aggressive managers (idh&ndmanagers
locate farther away from each other (i). This iraplthat owners with convex costs will
place less weight on output than those with lirests'? This reflects the continued
desire to turn the marginal customer over to thal ias driven by the cost convexity.
Nonetheless, the influence of delegation may be mgsortant for large, as this is
when there is the largest incentive to move towvtlaedcorners in the absence of

delegation (Gupta 1994).
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To examine the influence of delegation we firsnidfy the equilibrium profits

and social welfare. Returning (24) and (25) to) @®d (20) yields the profits:

64k5+360k*t+753k3t2+718k2t3+300kt*+40t>
T[l = 7-[2 == (26)

8(8k2+15kt+6t2)2

Social welfare is the difference between consumeilihgness to pay and total social

cost. The social cost is now the sum of transpast and production cost:

SW =r - SC where
1 2 1 % 2 1 %\ 2 1 2 1 *3 2 1 %32
SC=Et(L1) +5t(x - Ll) +Et(L2 - X ) +5t(1 - Lz) +5k(x ) +5 k(l - X )
(27)
First, we note that the profits in (26) can be uaggart of confirming that the
delegation equilibrium will be chosen. The prooinAppendix 2. Second, we
summarize the welfare effects by evaluating (273llytracting the value without

delegation from that with delegation. This diffecerwe labeASW/.

Proposition 6: With quadratic production cost and delegatiomprdfits decline and ii)
social welfare increases when the degree of cotwexiarger than 0.24&nd decreases
when the degree of convexity is less than (.248

Proof: i) See Appendix 2.

i) Plugging (24) and (25) into equati(27) yields

280tk*+453k3t24337k2t34+120kt*+20t5+64k>

SWr 4(8k2+15kt+6t2)2 (28)
PluggingL, = 82(;—:';) andL, = g(tk;jg (Gupta 1994) into equation (27) yields
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4t3+16kt2+21tk%+8k3
SW= — 29
32(k+t)2 ( )

Subtracting equation (29) from equation (28) yields

_ t2(16k5+93tk*+188t2k3+144t3k2+16t*k—16t°)

ASW 32(8k2+15kt+6t2)2(k+t)2

(30)

Setting equation (30) equal to zero and solvingggia single real root &=0.248. It can

be checked that (30) is positive (negative) fogéar(smaller) values i m

With linear production cost, firms locate efficigntvithout delegation and
proposition 2 shows that they then move toward @diclr with delegation. Thus, whkn
is small (only slightly larger than zero), firm kteons without delegation are close to
efficient and their movements toward each otheh wélegation are similar to those
whenk=0. As a consequence, whiers small, the result in Proposition 6 ii) mimitet
in Proposition 2 -- social welfare diminishes watblegation. Yet, whekis large the
firms without delegation locate far away from tHifceent locations (toward the corners).
The movement toward each other caused by delegatimoves efficiency in this case.
Thus for the first time, we have found that delematan improve social welfare. The

requirement is that the cost function must be cigffitly convex.

5. Third Extension: N Firms
In this subsection, we return to the basic modéh Wimear costs (normalized to
zero) and imagina firms instead of two. Firm location is designabgd.;, i = 1...n with

Li+1 = L;. The equilibrium delivered price schedulei$x, L;, L;1,) = t(L, — x) if
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x < Ly;p" (6 Ly, Liyq) = max{t(x — Ly), t(Liyq — 2)} if L < x < Lyyq;
P*(%, Ly Liy1) = t(x — Lyy) if x = L.
Given the delivered price schedule, we identifyngi profits. The profit of firm 1

is in equation (1) and profit of firmis:
Tn = Jiaoin ¢ = Ly_1) = t(Ly = )dx + [} t(0¢ = Lyy) — t(x — Ldx  (31)
2 n

A representative interior firm has profit:
t t t
M =7 (Lisa = Li1)? =5 (Li = Li—1)? = 5 (Lipq — Ly)? (32)

The manager of an interior firm maximizgs= a;m; + (1 — ai)(%) with

respect td,; and the best response function is:

This quickly shows that the incentive parameteamredevant. In the two firm case, either
firm can increase its output by moving toward thieeo. If an interior firm moves toward
one rival to gain output, it gives up exactly tlaene output to its rival on the other side.
Thus, an interior firm can do no better than laogin the middle of its rivals. As a

consequence, the interior firms locate symmetydaditween the corner firms:

(=)L +(i-1)Ly
- n-1

L; (34)

In contrast to an interior firm, a corner firm hasrival on one side and so by

being more aggressive can gain output and forcestinaining firms to retreat. The
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obvious problem is that if it pushes too far, aeiior firm will simply jump over the
corner firm to establish itself in the corner. Thusder delegation, the owners of firm 1
andn must set an incentive parameter that maximizef§t gudject to the constraint that
the manager locates so as to retain the cornetigmasTio solve this constrained
maximization we recognize the “no jump constraiatbinding for alln > 3 and work
back through location problem to identify the agprate incentive parameter.

The manager of firm 1 continues to adopt its lasato maximize the incentive
contract and only cares about its rival firm 2.u$hthe location chosen by the manager
depends on that of firm 2 exactly as in 6):= (1 + a;tL, — a;)/3a,t. The owner of
firm 1 can use this reaction function to set theagated incentive parameter once it
knows the location implied by the no jump condition

To determine the no jump location plugging (34di(82) to yield the profit of
firm 2 located in the interior:

_ t(Li—Lp)?
M = (35)

If firm 2 jumps to the left corner it maximizes fitdy locating atl., = éLl and earns

My = é(Ll)z. The farthest right location for firm 1 that piloits jumping is determined

by setting this profit equal to (35) and solving ig (recognizingL, = 1 —L,).

L, = (W/én —v6 — 6)/2(n* — 2n — 5) (36)

and analogously

L, = (2n? —n(V6 + 4) + V6 — 4)/2(n?> — 2n — 5) (37)
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It can be checked that the corner firms move towlaecedges asincreases. It also

follows from (34) that:
L= Ri(n—1-v6) +n(\6—-2)+V6—4)/2(n*—2n—5)  (38)

The owner of firm 1 returns (36) and (38) to (54 @olves forx; :

n%¢-2n-5
n2—tn—-2n+tnV6-5t-5

a,=a, = (39)

This is the incentive parameter that maximizesipgifen the constraint that interior
firms will not jump.
Note that the owners place less emphasis on oafptlte number of firms

increases,aﬁ = L(V6-1) > 0. This follows from the incentive for interior firsn
on  (-1+V6+n+tV6-t)?

to jump into the corner. As the total number offirincreases, a smaller corner distance

will induce such jumping. Thus, the owners of thener firms respond to an increase in

the number of firms by decreasing their managecgntives to move toward the middle.
Social welfare is the difference between totalinghess to pay and total

transport cost:
SW =r - TCwhere TC=~t(L;)? + X1 = (Liy — L)%t + (1 — Ly)?  (40)

As before, we compute the difference between seathre with delegation and without

delegationASW.
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Proposition 7: With n firms and linear production cost, social welfagdower with
delegation.

Proof: Using the locations without delegatidn,= %z = 1,2,3...n (Hurter and

Lederer, 1985), and the locations with delegat{86), (37), and (38ASW =

(r _ t(n3+3n2—Zx/gnz—&/gn—3n+10x/€+35)) _ (7’ _ L) _ t(=7+2V6)(n-1)(—n+1+V6)?

4(n%2-2n-5)2 4n 4n(n2-2n-5)2 < 0 for

all integersn>1.m

The corner owners adopt delegation and set thativegparameter to push
managers as far toward the center as the no jumgitean allows. As in the two firms
case, this delegation harms welfare. Fundamentalilyextension stresses the
importance of the assumption of a linear spatiaketavith distinct corners. Clearly, if
the firms locate on a unit circle rather than kegment, there will be no advantage to
using delegation. Any attempt to gain output ie direction is offset by an equal output

loss in the other direction.

6. Fourth Extension: Considering Elastic Demand
We now follow Hamilton et al. (1989) to allow elaslinear demand at each

location:q(x) = 1 — p(x). The price ak remains the maximum of delivered costs,

p(x) = max {t(L, — x),t(x — L)} and the indifferent consumer remaing at —(Ll;rLZ) ,

Also as in Hamilton et al. (1989), we assume thaD.9 to rule out monopoly pricing

and assure that the price schedule (the rivaligeted cost) binds. Thus, firm profits are:

1y = [ (60 = 2) = t(Ly = 2))(1 = t(Ly = D)dx + [[7 (£Ly — %) — t0x = L))(1 -
t(L, —x))dx (41)
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my = [22(t(x — Ly) — t(Lp — %)) (1 — t(x — Ly))dx + S (6 = Ly) = t(x = L)) (A -
t(x —Ly))dx (42)
Owners delegate the location choice providing dreshthat still rewards profit
and quantity. With inelastic demand, rewarding diiyaand the share of the unit market
(market share) are identical but this equivalerao@shes with elastic demand.
Anticipating the responses of the managers, theomers simultaneously choose

incentive parameters.
L =aym +(1—a))q and I, = a,m, + (1 — a3)q; (43)

whereq; = f: 1—t(L, — x)dx andq, = fxl 1—t(x — Ly)dx.
Substituting (41) and (42) into (43), the managdrhe two firms maximize with

respect to the location choices yielding the twstlbesponse functions:

7ta1L2+1—7a1+\/28a§t2L§—56a§tL2+1+14a1+21a§

Ly = (44)

7ta1

7ta2L1—1+7a2—J28a§t2L§+56a§ tLi+1+14a,+21a%—56a5t+28a5t2—56a5t2L,

L, = (45)

7t0(2

At this point if we were to follow Hamilton et 11989 p.94), we would impose
symmetry,L, = 1 — L;. Yet, the structure of our game prohibits thisnagosing
symmetry requires that; = a, = a which implicitly removes the stage in which
owners play a game in incentive parameters. As#mee time, there is not a tractable

analytic solution to jointly solving (44) and (4%) give locations as functions of



27

incentive parameters. As a consequence, we agptbaowner and manager objective

functions implicitly. We take all the appropriatertvatives from both stages and only

impose symmetry afterward. While even this appnagenerates higher order termg in

that prohibit a closed form solution, we can sdhwe problem for any specific value tof
As an illustration, sdt= 1/2 and return (41) and (42) to the contracig@!8).

Each manager maximizes (43) with respect to tleemmtion choice where the partial

I ol oI
derivativesF; = f =0 andF, = # =0 are:
1 2

7 7 3 3 7 1 1 1 1
Fl = _16 (llLle —50{114% + galLZ - Eall‘% _gall‘l +E _gLZ + ng _Eal (46)
7 7 5 3 7 1 1 1 7
FZ = _EaleLz +§“2L% +§“2L1 +§Q{2L% _EazLZ _E+§L2 _ELl +§a2 (47)

Keeping these in implicit form, differentiafg[a, a,, L, (a4, a3), L, (a4, @,)] and

Fy[ay, ay, Li(ay, a3), L, (aq, ay)] with respect tar;:

0F, = 0F, 0L, ., OF dL,

2w T on 0w T o000 (48)
dF, 0F, dL,  0F, oL
97 4 9200 | 020 _ (49)
60{1 6L1 60{1 aLZ 60{1
oR 0R
The implicit function theorem and Cramer’s ruleegig'L—1 = —i(det 0ar Ol ) and
ay JF OF, 0R
6a1 6L2
6L2 _ 1 0L1 60:1 _ 6L1 aLZ . . .
e, = " 7n (det oF, R, ) where/p = det oF, aﬁ]' With (46) and (47), these yield:
0L1 60:1 6L1 aLZ
oLy _ (—14L1Ly+7L3 —12L,+3L5+28L1 +16)(7ayLy+2—14a3—7 a5 L)

(50)

da;  8ayay(7L3—31Ly+7L2—10L; Lo+34+27L1)+16a4(Ly—2)—16a;(Ly+1)
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8L,  (—14L1Lp+7L3-12L; +315+28L1+16)(7azL,+2—10a,—3a,L1) (51)
da;  8a;ay(7L3-31Ly+7L3—10L1Ly+34427L, )+16a1 (Ly—2)—16az(L1+1)

Differentiation of (41) now generates the ownerst rder condition% = %%
1 1 1

oy oL . . .
6—721#, as a function of terms we have just derived.
2 1

671'1 _ 0L1

da; @
" T Ll +—12+2L, —>I2+2L,)=0 52
—(—g1z+§ 1tli—5; L+ 2)— (52)

60{1

i 7241y 342 _3
(16L1L2 32L1+4L2 32L2 4L1)+

Having identified the first order conditions fot players, we now impose symmetry,
L, =1-L; anda; = a, = a, which with (46) gived,; in terms ofa:

_ —5a+24+V-17a?+52a+4

L
1 12a

(53)

In combination with (50) and (51), returning (58)(62) and solving foe yields
a, = a, = 0.86 and in equilibrium[; = 0.359, L, = 0.641, andr; = m, = 0.048.

Social welfare remains the difference between wigblus and total transport
cost,SW =TS — TC Surplus at any pointis the sum of consumer surpl%@g(x))2 and
total revenueq(x)(1 — q(x)) yielding the following:

7S = fy (1=t =00) =3 (1 =ty =) dx + [L(1 = t(x = L)) =
%(1 —t(x — Ll))zdx (54)

The cost at any pointis the transport cost to that point times the gtyasbld at that

point yielding the following:
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TC = 2(f) t(Ly — 0 (1 — t(L, — x))dx + fL": t(x — L)(1 — t(L, — x))dx) (55)

The equilibrium locations imply thdtS=0.478,TC=0.056, andSW£0.422. This can be
contrasted to the no delegation equilibrigem = a, = 1): L; = 0.27, L, = 0.73,
m, = m, = 0.065, TS=0.468,TC=0.047, andS\WE0.421. Thus, delegation causes the
firms to move toward each other with surplus insieg slightly more than costs,
ASW = 0.001.

Repeating the above proceduretfer0.1, 0.2, ..., 0.8 allows the following
characterization (these equilibria are shown inld&mnd compared to those without

delegation):

Result 6.1: With linear elastic demand, delegation i) movesfirms closer together, ii)
lowers firm profits, iii) increases consumer sugland ivASW < 0 if t=0.1, 0.2, 0.3,

and 0.4 andSW > 0ift=0.5,0.6, 0.7, and 0.8.

The manager increases sales by moving towardvhkaind capturing the lower
price, high demand locations. As the firms moveawieach other, the price falls at all
locations increasing quantity, revenue and conswmgrius. At the same time, as the
firms move toward each other total transport costaéases (Hamilton et al. 1989). Thus,
a given movement of firms toward each other hasettihg consequences on social
welfare. Whert is small, delegation moves the firms toward eabtlerogenerating a
small reduction in price and so only modest gainsonsumer surplus. These gains are
outweighed by the increase in transport cost aediécline in profit. However, whens

large, the movement toward each other generatagea teduction in the price and large
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gain in consumer surplus. In this case the gaocoimsumer surplus is larger than the
decline in profit and increase in transport cosibl€ 2 shows that delegation decreases
social welfare for the casestsf.1, 0.2, 0.3, and 0.4, but increases welfaréifginer
values of.

While the ultimate influence on social welfare deg®on the level of transport
costs, many of the basic insights carry over fromibelastic demand case. When
owners have an incentive to delegate, managertelot@ser together. The consequence
for owners remains reduced profitability relatieethe case without delegation.

Comparison to the basic model is also valuable.prasence of elastic demand
increases the incentive of mangers to move towact ether. This follows because the
elastic demand means that as the firms move toeac other and the discriminatory
price schedule falls and so the quantity demanctases at all points. Thus, for a given
movement toward the rival, the quantity increasesenguickly. Owners recognize this
and so under elastic demand the weight placed it & larger. The owners can create

the same aggressiveness with less weight on quantitpared to inelastic demand.

7. Conclusion

In both Cournot and Stackelberg competition delagajuantity choices to
managers results in greater total output and greatgal welfare. We model delegating
location decisions to managers under spatial ghieerimination and show this creates
more aggressive managers who move toward each dtermpact of this on social
welfare depends on the setting. With linear prodmctosts and inelastic demand,

welfare declines with both simultaneous and segaldontation. With convex



31

production costs, welfare can increase but onllgafe is sufficient convexity. With
elastic demand, welfare will increase for high $@ort cost but decrease for low
transport cost. Thus, the beneficial effects oédation identified in quantity games, do
not routinely carry over. We also emphasize theartgmce of the corner firms in our
linear markets showing that it is the market edhge allows incentive contracts on
guantity to influence location.

These new findings could set the stage for furtbsearch. As we have shown
that convexity reduces the weight put on quanatyd(so market share), one might be
able to test if market share contracts are lesdylitar less lucrative in industries
characterized by cost convexity. This fits witheaant call in the management literature
that empirical researchers should begin to exathi@@eterminants of inter-industry
heterogeneity in the use of delegation contactag@eet al. 2012). The structure
(convexity) of costs could be one such determinant.

A second avenue for research might follow recenkviay Liu and Serfes (2004)
and Colombo (2009) adopt the Hotelling type modih will pricing but imagine the
ability to imperfectly price discriminate (the fisknow the segment of the market of the
consumer but not the exact location). An issue dial whether delegation influences
location in such a setting. Finally, one might gime introducing a bargaining game
between owners and managers into the model. Falpwan Witteloostuijn et al. (2007),
this game would set the incentive parameters. Defipese potential variations, we
emphasize our contribution. We uniquely examingigpprice discrimination and find

that delegation will be adopted and often harmsasoelfare.
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THREE ESSAYS ON THE ECONOMICS OF SPATIAL PRICE DISIMINATION:

I1) CONSISTENT LOCATION CONJECTURES UNDER SPKRL PRICE
DISCRIMINATION
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8. Introduction

Despite a long and durable history, the canomeadel of spatial price
discrimination has not been solved for an equilirigenerated by consistent location
conjectures. We model such conjectures and preseaquilibrium that differs sharply
from that associated with Nash behavior. Insteathi@fvell known symmetric duopoly
locations at the quartiles that minimize transpodt (Hurter and Lederer, 1985), we
confirm a principle of minimum differentiation withe two firms locating at the middle
and maximizing total transport cost. We contrait tésult associated with linear
production cost with an otherwise similar equililim that assumes convex production
cost. In this latter case, the extent of conveadtermines whether the equilibrium
locations improve or detract from the welfare asgted with Nash behavior.

Conjectural variations generalize the Nash assumatnd are seen as implicitly
modeling the beliefs formation process of eachgi@pout the conduct of other. The
solution concept of conjectures that match othayeguis' actual responses has been
identified as more general and superior to Nasteptesents a "consistency of beliefs"
absent in Nash where players stubbornly refuseamlabout the behavior of other
players (See Aliprantis and Chakrabarti, 2000 |8)13

This generalization has been criticized as it remaingdmentally one-shot with
no explicit maximization of a stream of payoffs dretause it can generate out of
equilibriumbehavior that can make little sense lacking nostethility properties
(Friedman, 1983 pp. 109-110). Despite this criticig remains popular as a substitute
for complete dynamic modeling. Indeed, a substhiitggature has embedded static Nash

behavior in a fully dynamic model and isolated ¢beditions under which the outcomes
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match that of consistent conjectures (see Cal®8k for an early example). As Martin
(2002, p. 51) emphasizes, “These results providenaal justification for using the static
conjectural variations model as a short cut toya®inherently dynamic models.” More
recently, Possajennikov (2009) demonstrates thatistent conjectures are
evolutionarily stable for a wide range of well-bebd games and that their use often
simplifies evolutionary analysis. In addition targea shortcut to full dynamic modeling,
the conjectural variations framework has been ugddly in the literature on
oligopolistic product markets (Bresnahan, 1981¢,hvate provision of public goods
(Sugden 1985, Itaya and Shimomura, 2001) and inetmgdteamwork (Heywood and
McGinty, 2012). Moreover, it has found practicalgrical applications both in bidding
strategies for electric power (Song et al., 2008%) ia estimating market power for
antitrust purposes (Perloff et al., 2007).

We bring this equilibrium to spatial models as tieye proven especially useful
in capturing aspects of competition in horizontallfferentiated markets (Tirole, 1988).
Specifically, they provide a general method forraiang markets in which either actual
location or an ordered product characteristic difféciates output® A very limited
literature has considered consistent conjecturabese models but the conjectures are
either not about location itself or the settinghi® one of spatial price discrimination.
Thus, Capozza and Van Order (1989) consider a Cadimibype model in which entry
occurs in the spatial market until profits are zdfach firm faces uniformly distributed
consumers with downward sloping demand. The ctunjes modeled are those of rivals'

reactions to own price chang€sMulligan and Fik (1994, 1995) consider both prcel
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location conjectures and do so in a typical miitimg model in which the consumer pays
transport costs thus eliminating the possibilityspétial discrimination.

Spatial price discrimination allows modeling circstances in which the price
includes delivery and so the price a firm is ableharge depends upon how "close" it is
to its rivals. Thisse and Vives (1988) show thathspricing is the preferred alternative
when firms are able to adopt it and Greenhut (19&dntifies it as "nearly ubiquitous”
among actual products that have substantial fraigkts. Thus, our inquiry into location
conjectures in the context of spatial price disanation maintains salience as well as
being a sensible extension of the existing liteatu

In what follows, we first study the case in whigbotfirms spatially price
discriminate with simultaneous choice of locationsth constant marginal cost, the two
firms co-locate resulting in higher social costrilvdth Nash. When production cost is
guadratic, the two firms do not co-locate but coui to locate closer to each other than
with a Nash assumption. We show that the degréeeofost convexity determines
whether the consistent conjectures equilibriumrigker or lower social cost than the
Nash equilibrium. Next, the assumption of constaatginal costs is recovered and the
number of firms is extended b We show that the consistent conjectures equuklr
continues to result in firms being too close togetind so generates higher social cost

than Nash. Finally, we draw conclusions.

9. The Basic Model with Linear Production Costs
Consumers are uniformly distributed over a uni¢ lsegment. Each consumer has

inelastic demand for one unit of the good, witrergation prica. We assumeis



36

sufficiently large that it is profitable to servik @ustomers. Two firms engage in spatial
price discrimination and share identical constaatgmal cost set to zero without loss of
generality. The transport cost per unit of distalsteand the locations of firm 1 and firm
2 arelL, andL, respectivelyL; < L,. In the first stage, firms simultaneously chodsart
locations and the delivered price schedules arewamued in the second stage.

The delivered price schedule for the consumerisip*(x, L;) = max (t|x — L;|)
and Figure 1 depicts the price schedules for thefinns as the outer envelope of the

delivered costs. The market is divided by the iiedént customer who faces the same

delivered price from each firm. That customer sated atc*= (atly) Given the
delivered price schedule, the profits of the twm8 are
T = fOL1 t(L, —x) —t(L; —x)dx + fo: t(L, —x) —t(x — Ly)dx (56)
m, = fof t(x — L) — t(L, — x)dx + lez t(x — Ly) — t(x — Ly)dx (57)

and are identified in Figure 1.
Each firm maximizes profit with respective to itsmolocation generating best

response functions

BRy:Ly = Ly(1+ 221)/(3 — 221) (58)

BRy: L, = (Li(1+ Aq2) — 2442+ 2)/(3 — Aq2) (59)

Wherel; ; = dL;/dL; is firmj’s conjecture about firm The consistent-conjectures

equilibrium requires that the actual derivativer@ahe best response function equal the

conjecture. This requires that each firm correatijicipates the location movements of
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its rival in response to its own movement and ighisuilt into the maximization. Defining

0BR; . . ; i
pij = oL, [ # j and setting;; = 4;; yields 1,, =

1+121
3—121

1+1
and/121 == 3—).12 .

Simultaneous solution yieldg, = 15; = 1 as the consistent conjectures and then (58)

and (59) imply that; = L,. Thus, the firms collocate and the symmetric tioca
equilibrium occurs at] = L} = % as the symmetry of the problem implies thigt= 1 —

L3.* The critical point is that minimum differentiatimccurs and both firms earn zero
profits.

The linear production and transport costs have rgéee an equilibrium that
shares some characteristics with that outsideghgas context. Bresnahan (1981) shows
that a duopoly engaged in quantity competition Witkar production costs will adopt
consistent conjectures that result in the competiuantity being produced and no profit
being earned. While our firms also earn zero prtfe social welfare implications are

obviously very different. With inelastic demana thocial welfare is
SW =1 — TCwhereTC= ~t(Ly)? + 1 (L — Ly)? +5t(1 — L;)? (60)
allowing us to summarize:

Proposition 8: In a simultaneous duopoly location game with camsinarginal cost, i)
the Nash conjecture is inconsistent, and ii) thesdent-conjectures equilibrium results
in lower social welfare.

Proof:

i) With Nash, BRy: Ly =L, andBRy: L, = ;L +== py; = # A = 0.

i) SW(Ly=3Ly=2)=r—1t<sw(lLi=1L,=3)=r-zt
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In spatial price discrimination with Nash, eacmfilocates in the middle of its
own market thereby minimizing social cost. With sistent location conjectures, both
firms locate in the middle of the overall marketiwiheir profits equal to zero and with
social cost maximized among the set of symmetgations.

It is interesting to consider the case where onky firm adopts a consistent
conjecture as this also mimics results known oeth@ spatial context. Boyer and
Moreaux (1983) show that in a quantity game tha fidopting consistent conjectures
produces the same amount as a Stackelberg leadi¢hatrthe firm retaining Nash

conjectures produces the same amount as a Staakédiewer. In our case, if firm 2
retains a Nash conjecture it has a best responséidn ofL, = éLl + % Given this firm
1 adopts a consistent conjecture of 1/3 regarding2. This results in a best response
function from (58) ofl.; = %Lz. The resulting locations are 2/5 and 4/5 exatihge that

emerge from the two firms sequential location efuum as presented by Gupta (1992).
We note that when only one firm adopts a consistenjecture, the locations obviously

result in lower welfare than with Nash.

10. Quadratic Production Cost

We now remove the assumption of constant margwstl @and assume that firm 1
and firm 2 share identical quadratic cost functigagpta (1994) shows that under spatial
price discrimination with convex costs, duopolisisate inefficiently outside the
guartiles. Thus, we want to examine whether thgopolo of consistent conjectural

variation can improve social welfare which it obwsty cannot do with linear costs.
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We assume quadratic production cost of the f6rm %kqi2 fori=1,2. The

market retains a uniform distribution of customestsch for convenience we normalize
to one. We follow Gupta’s assumption that thewakd cost is the sum of marginal
production cost plus transport cost. The equilioridelivered price schedule for any
consumer located atis p*(x, Ly, L,) = max ({t|x — L,| + kx*},{t|L, — x| +

k(1 —x*)}) and is depicted in Figure 2. Here, the indiffermmisumer located at
divides the market between the two firms intocand1 — x*. *® The profits of firm 1 and

firm 2 can be expressed as

M= [P Ly =) + k(1= 2 = £y — 0dx + [ 6Ly =) + k(1 - x7) —
£0x — Ly)dx — ~k(x")>? (61)

T, = foz t(x —Ly) + kx* —t(L, — x)dx + lez t(x — L)) + kx* —t(x — Ly)dx —
~k(1—x*)? (62)

The best response functions are

_ Ly (14221)(2kt?+4t3)+(1+2,1)(2k% t+4kt?)

BRy: Ly = 2kt2(Ay;—15)—16k2t+4t3 (A5, —3) (63)
B L, = — a2 (69
Settingp,, = 14, andp,; = A, yields the consistent conjectures
he = - 2kt2(Az(lljfsz)lzgzeitzzt:itt?(az1—3) (65)
Ay = (1+212)(2kt?+4t3) (66)

o 2kt2(A1,—15)—16k2t+4t3(11,-3)
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Simultaneously solving (65) and (66) yields twacssatroots but ultimately only one

generates positive profits and locations on thélum@ segment:

_ Ak%+7kt+2t2-2V4k*+14k3t+16k2t2+6kt3

Returning (67) to (63) and (64) and simultaneogslying yields
« _ 2kZ+akt+2t?—Vak*+16k2t2+14k3t+6t3k
1 4t(k+t) (68)
« _ —2k%+2t2+Vak*+16k2t2+14k3t+6t3k
2 4t(k+t) (69)

Plugging (68) and (69) into (61) and (62) yields

—2k2-3tk++/2k(2k+3t)(t+k)?
7'[’1" = 7'[; =% = ( X ) (70)
4t

Note that ifk=0, the equilibrium values above all revert to théil®m the previous
section with each firm collocating at 1/2.

The total social cost is
SGZt(Ly)? +St(x" = L)% +St(Ly —x)2 +5t(1 = Lp)? + S k(x)? 42 k(1 —x)?  (71)
This allows us to identify the consequences ofcthresistent-conjectures equilibrium.

Proposition 9: With quadratic production cost and two firms hig tNash conjecture is
inconsistent, ii) firms locate closer to each ofitramn in Nash; iii) firm profits are lower

than with Nash and iv) social welfare is greateless than in Nash &s = 0.313t.
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Proof:
. . 2t2L,4+tLyk+2kt+k2 2620 +tL k+12kt+7k2% +4t2
i) With Nash,BR,: L, = —2—2 andBR,: L, = ——=
15kt+8k2+6t2 15kt+8k2+6t2
_ 2t%+tk £ =0 2?4tk =0
P12 = Tskrrsketer? 12 = Y P21 = To ek vec 21—
.. 2t+k 6t+7k
i) In NashL; = S0aD andL, = D" Thus,
Tkt+4k2+2t2—2Vak4+16k2t2+14k3t+6t3k
Li—L = > 0 and
8t(t+k)
—7kt—4k2-2t24+2V4k4+16k%t2+14k3t+6t3k
8t(t+k)
8k3+31tk?+36t2k+12t3
i) In Nash,my =m, = = . Thus,
64(t+k)?

o _ 2kQE+3t)(t+k)2(16t%+32tk+16k*)—(159k*t*+120k3t+32k*+84t3k+12t%) <0
= 64(t+k)2 '

—2k(2k+3t)(t+k)2(8t%+24tk+16k?)+(115k2t2 +104k3t+32k* +48t3k+4t%)
32(t+k)?

Solving4 = 0 yieldsk=0.313 (givenk>0 and t>0). AndASC = 0 ask s 0.313t.

Under consistent conjectures, each firm knowsitkatval will move toward the
endpoint as it moves toward the middle and buiis into its optimal location. As a
result, the firms have a greater incentive to mowveard the middle and locate closer to
each other under consistent conjectures.

Under Nash conjectures, Gupta (1994) shows thainbdirms locate
inefficiently far apart. Yet, whekis small, this deviation from the first best laoat
remains small and the movement toward each othusedaby introducing consistent
conjectures lowers welfare relative to Nash. Thisits the result with linear costs.

However, wherk is large, the deviation from first best locatiamzler Nash is large and
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the movement toward each other caused by consstejectures results in welfare

greater than that associated with Nash.

11. Linear Costs withn Firms

We now return to the case of linear costs as ii@e& but considen firms
engaging in spatial price discrimination. We shbatthe Nash equilibrium remains
inconsistent. We consider the casesife® andn=4 showing that very different patterns
of consistent conjectures and locations emergeddrand even numbers of firms.
Finally, we present an illustrative generalizatiom firms for the odd and even number
of firms. The basic conclusion from section 2 ramea The consistent conjecture
equilibria are socially inefficient. It is recoged that this section remains largely an
elaborate simulation and that the conclusions ased largely on induction. A tractable

general analytic solution for amyhas proven elusive.

11.1. Nash is Inconsistent

We order the location of thefirms, L;, i=1...n, such that;,, > L;. The
equilibrium delivered price schedulep$(x, L,) = t(L, — x) if x < Ly;
P*(x, Ly, Lipq) = max{t(x — L), t(Liyq =0} L S % < Ly p" (X, Lypmq) = t(x —
L,_1) If x = L,. In Figure 3, the bold envelope depicts the psideedule.

Given the delivered price schedule profits candeaiified. Firm 1’s profit is

shown in equation (56) and the profit of firms

Tn = Jiaoin 60 = Ly_g) = t(Lyy = )dx + [ £(x = Ly_y) — t(x — Ly)dx (72)
2 n
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The profit of any representative interior firm is

t t t
M =5 (Liva = Li1)? = 7 (L = Li=1)? — 5 (Liga — L) (73)

Under Nash, firms In andi maximize (56), (72), and (73) with respect to thosin
locations assuming the other locations do not chaagero conjecture. This generates

_ Liy1+Li—q

three best response functioB®,: Ly = 3Ly , BRy: Ly ==+ 3 Ly_; andBR;: L; =

Proposition 10: With n firms, the Nash equilibrium is never consistent.
Proof: For interior firmsyp; ;41 = % # Aiiy1=0andp;;_1 = % #+ Aii—1 = 0; for corner

fll’mS, p1,2 = é * Al‘z =0 andpn,n_l = é * An,n—l = 0.

Inconsistency emerges as each firm assumes thatals’ locations are fixed
even as the slopes of each best response funetiemst zero. The assumptions that
firms make about how their rivals respond to thagation changes do not match how

their rivals actually respond.

11.2. Equilibrium whem = 3

Firm 1’s profit is shown in (56). The profits oftin 2 and firm 3 follow from (72)
and (73). Each firm maximizes its own profits givenconjectures about its rivals. Firm
1's best response function is unchanged from (B8)fiam 2’s and firm 3’s best response

functions are

_ L (1-232)+L3(1-145)

BR,: L, P T

(74)
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BRs:L; = L2(1+/123_)1'223(1—/123) (75)

The actual responses of firm 2 to the changesnm 1i's and firm 3’s locations are

(1-232) (1-212)

P21 = 5 andp,; = T Likewise, firm 1's and firm 3’s actual responses
—A327 12 —A327A12
L , , 141 142 :
the changes in firm 2’s location agrg, = 3—/1'“ andps; = ;3 . Simultaneously
—A21 —A23

solvingA,, = p12, A21 = P21, Aoz = pa3 andA;, = p3, yields three sets of roots. Two
sets of roots are indeterminate in that they immplgtionships between the locations but
no specific locations. Moreover, they involve tvirorfs in a single location. The third set
of roots has the first and third firm making ideaticonjectures about the middle firm

and the middle firm making two identical conjectiebout its two rivals.
* 1 * 1 * 3 * 3
21 = % 23=EJ12=§'A32=§ (76)

Returning (76) into (58), (74) and (75) and solvangultaneously yields

* 3 * 1 4 7
L1:E:L2:§;L3:E (77)

This provides a symmetric equilibrium that hasltweest social cost of any of the

three sets of roots but even it remains too comatatt around the centErSocial cost is
1 1 1
SG LAt + 7 (Ly — L)?t += (L — L)%t +5 (1 — Ly)%t (78)

Plugging (77) into (78) yieldSC* = 0.11t. In the Nash equilibrium, the market is

equally divided among these three firms and saadsat is equal to 0.0883



45

11.3. Equilibrium whem = 4

The profit expressions of firm 1 and firm 2 remagabove. The profit for firm 3
and 4 come from (72) and (73). Again, each firm mmézes its own profits given its
conjectures about its immediate rivals. The besppaase functions of firm 1 and firm 2

are shown in (58) and (74). Those for firm 3 arate

BRy: Ly = Ly(1=243)+L4(1-233) (79)

2-A23—43

BR,:L, = L3(1+234)+2(1-A34) (80)

3—/134_

Simultaneously solvingi, = p12, 21 = P21, A2z = P23, Azz = P32z, A34 = p34 ANd
A43 = py3 Yields two sets of roots neither of which resaltlefinitive locations. As one
set of roots yields two sets of two firms collooatiwe adopt that which requires only

one set of two firms collocating. Those roots are

. 1

* * * * * 1
12 =341 = 0,423 = 1,43, = 1,45, = 0,443 = 3 (81)

Returning (81) into (58), (74), (79), and (80) &L, = éLz, L,=1Ls, Ly = §L3 +§ )
We impose symmetry on these locations which yikddations with the lowest social

cost:
* * * 1 * 5
L1:"L2:L3:§’L4:g (82)

When the number of firms is equal to 4, the somist can be shown as



46

SG LAt + 4 (Lp — L)%t + (Ly — L)?t + 7 (Ly — L3)%t +5 (1 — Ly)%t (83)

Plugging (82) into (83) yieldSC* = 0.0833t. The critical point is that using our
assumption of symmetry to try to lower the soc@tcit remains clear that consistent
conjectures are inefficient relative to Nash. Undash, the efficient locations are 1/8,

3/8, 5/8 and 7/8. And the minimized social costqgsal to 0.0625'

11.4.nfirms

We now follow the results derived above focusimgtfon the odd number of
firms and seeking the only set of roots that yreldherical values of each firm’s location.
When the number of firms is even, this remains isggae as it was for 2 and 4 firms.
Every set of roots yields only relationships amtoaations but no unique locations.
Moreover, there is always at least one pair of dithmat collocate. Thus, for even numbers
of firms we limit the set of roots in those in whionly a single pair of firms collocate. If
there are more than one such set, we simply atlaptrt which the first two interior
firms co-locate and impose symmetry to identify tegulting social cost minimizing
locations.

In examining an odd number of firms, we found eoegyal deductive approach to
show the pattern of resulting roots and locatioviet, these patterns do emerge in a
straightforward fashion when repeating the conststenjectures exercise with
increasingly larger number of firms. Thus, we eksad the equilibrium witm=1, 3, 5,

7,9 and 11 and generalizEd When the number of firms is odd, the conjectties

. . 3+i +4—i
generate specific locations are always of the fokm:; = ; and A; ;41 = % when

n+
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.. n+3-i 2+i -
i is odd and always of the foriq;_; = — andA; ;41 = n—+;when| is even. Inturn,

these forms result in locations for the firre4....n identified as follows:

__ 2(n+3)+(i-1)(n+5)

L; = Do) wheni is odd

i .
L; = — wheni is even
n+1

The equilibrium locations under consistent conjextias identified above are shown for
n=1, 3,5, 7,9 and 11 in Table 3. The pattern cordithat the locations under consistent
conjectures are too concentrated around the cértiersocial cost associated with
consistent conjectures is always above that fohN&lse percentage gap between the two
is also shown in Table 3. This gap remains relatilarge throughout our examination.
Moreover, while social cost decreases with the remob firms, the decline with Nash
appears faster at least with the range we examine.

We now consider an even number of firms. As deedsilall potential roots result
in at least one pair of firms co-locating (as we sdath n=2 andn=4). Moreover, none of
the roots define specific locations. Thus, to galse we continue to limit our attention
to the set of roots that generate only a single odAgo-location and we assume that co-
location to be by first two interior firms. We thassume symmetry given the resulting
set of roots so as to minimize social cdstAgain, we build up the pattern by computing

the equilibrium whem = 2, 4, 6, 8, 10 and 12.

When the number of firms is even and larger than,2,= g; Aijoq = noiAs

and

n—

i—3 .. [—2 [ +4 ..
Aiis1 = lTwhenl is odd; A;;_; = ﬁ andi;;; = 12 wheni is even. And the

n+

locations are of the forms:
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L; = —2_ wheni is equalto 1
n+8

__ (i+3)n+2i-18

L= sy wheni is odd and larger than 1

_ (i+4)n-12

= s wheni is even

L;

Table 4 illustrates the locations with consisteatjectures. It also isolates the
percentage difference in cost between consistanectres and Nash. Again, firm
locations are too concentrated around the centéraensistent conjectures. Social costs
are routinely higher than under Nash and, as e&eptage, the gap remains large. Again,
social cost declines with the number of firms buthuw our range (beyond=2) it

declines faster with Nash.

12. Conclusion

This paper confirms that Nash location conjexdiare inconsistent in the
canonical model of spatial price discriminationeTdonsistent conjectural variation
under duopoly with constant marginal cost equatsamd the firms collocate with
minimal differentiation. As a result, both firmsreaero profits. This mimics to some
extent results from a basic quantity game withdmsosts but the welfare implications
are reversed. Unlike that basic quality game, isterst conjectures result in lower social
welfare in the location game. We extend the basidehby increasing the number of
firms in the case of linear costs. Firms remaindooncentrated around the center and

social welfare continues to be smaller.
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When production costs are convex, the original Nasations are not optimal
and we show that the consistent conjecture equihitbcan improve the social welfare
with sufficient cost convexity. While this modeldmnes complex for more than two
firms, the basic point is the contrast betweemd #ne linear cost model. We recognize
that generalizing both the original Nash model #r@conjectures model to more than
two firms remains for future work.

Finally, we note that introducing downward slopaemand at each point on the
unit line segment has been shown to generate dytgeations away from the quartiles
under Nash (Hamilton et al. 1989) even with ling@duction cost. An interesting future
exploration might examine how consistent locationmsjectures would change these

locations.
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THREE ESSAYS ON THE ECONOMICS OF SPATIAL PRICE DISIMINATION:

l11) HOW TO LICENSE A TRANSPORT INNOVATION
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13. Introduction

Economists have long studied how to license a p&bem process innovation
that lowers production cost. Yet, this choice Faely been cast in a spatial context and
no attention has been paid to innovations that tdva@sport cost. We change this by
explicitly adopting a model of spatial price disahnation and by determining how to
charge for an innovation that lowers transport&ddnhder spatial price discrimination,
transport cost is an essential element in thetalafifirms to earn profit as they charge a
price that includes delivery of the product. Arfithat reduces its transport cost gains
both customers and profit. Yet, there has beertugy ©f whether to license or how to
charge for an innovation that lowers transport.cost

Improving distribution and lowering transport costsnmand enormous attention
from businesses. Recently consumer firms UnilewdrEvian North American took
internal and reformed their transport managemeatforts to reduce costs (Unilever,
2011 and Harps, 2006). More generally, innovatibas reduce transport cost include,
but are not limited to, efficient route planningddonad tendering, advanced transit
management and tracking, improvements in actuasitréeechnology (be it by any mode
or modes) and reducing time and costs associatéd lmading/unloading (Stefansson
and Lumsden, 2009).

When transportation and distribution costs compaisebstantial share of overall
costs, economists know there are strong incentoveagage in spatial price
discrimination. Thisse and Vives (1988) show thatiminatory pricing is the preferred
alternative when firms are able to adopt it ande@Bhait (1981) identifies it as "nearly

ubiquitous" among actual markets in which the potsllhave substantial freight costs.
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Thus, rather than allow customers to arrange their delivery, the price quoted for
goods includes delivery. This internalizes transpost for the firm generating incentives
to lower that cost through innovation. As we wilbsv, this brings to the forefront a
licensing strategy that explicitly includes distan8uch licensing has received little
attention by economists but there exist famou®hdcl examples. Congressional
hearings describe how in 1852 Thomas Sayles licetigepatent of double-acting brakes
to many US railroad companies with a distance fe&l0 per mile (US Senate, 1878).

Earlier in 1843 Charles Wheatstone licensed thenpdor the five-needle telegraph also

on a per mile basis. The royalty wa20 per mile for any first 10 miles laid with therpe

mile charge declining for additional increments \{gos, 2001).

Outside the spatial context, economists focusingrorness innovations often
consider fixed fee licenses or royalty licenseddsic Cournot competition models, the
fixed fee license is typically superior to per umyalty licensing when the innovator is
not also producing the product (Kamien and Taurhi@86; Katz and Shapiro, 1986;
Kamien et al., 1992). Yet, if the innovating fiatso produces the product, a royalty
license will be chosen because it provides boimking fees and a competitive
advantage (Wang, 1998; Kamien and Tauman, 2002).

In the spatial framework, nearly all previous reshdas been set in Hotelling
type models of price competition. Taking locatidices as exogenous both Poddar and
Sinha (2004) and Kabiraj and Lee (2011) emphasbiaea royalty will be chosen to
license a production cost reducing innovation. wilog location to be endogenous but on
a circle, Caballero-Sanz et al (2002) show an datsinovator will adopt a royalty rather

than an auction or a fixed fee. Matsumura et26l09) assume a royalty will be the



53

licensing method by an inside innovator and shawésulting locations on a line will be
at the end points to maximize the product diffeegidn. None of these studies considers
spatial price discrimination or a transport costu@ng innovation. Heywood and Ye
(2010) do adopt a spatial price discrimination ndmle focus on a process innovation
that lowers production costs and so they assumspaat cost is constant and unaffected
by the innovation.

In this paper, we first model a duopoly in whicledimm innovates to distribute
more cheaply and contemplates licensing this intiowdo its rival. We show that under
spatial price discrimination both traditional chesg¢ a fixed fee or a royalty, are
unprofitable The innovation will simply not be shared. Thigling is important in its
own right as they are the traditional licensing heasms considered. We go on to show
that when the innovator charges a license fee baselistance, the innovation will be
licensed. We present an initially counter-intuitresult that the innovator will be able to
charge a distance fee that exceeds the cost redwftthe innovation. Yet, we
emphasize that this makes sense as even fees tleosv@st reduction allow the rival to
earn additional profit because of an accommodatiogtion choice of the innovator. We
describe the licensing equilibrium showing thahdreases social welfare relative to not
licensing but that the equilibrium resulting licargsfee is too large to maximize social
welfare.

We next contrast this choice of the distance fah am outsider who innovates
and decides among the same three licensing methdel® the innovator earns profit
from any method of licensing but earns the mosthmrging a fixed fee. Critically, there

is none of the accommodation in location that makeslistance fee so profitable to the
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inside innovator. Depending upon the size of tm®vation (the extent to which it lowers
transport costs), the innovator may find it prddfl&ato license to one or both duopolists.
We isolate the unique role played by the prisordéi&snma. Jointly the duopolists
would prefer not to accept the innovation as reducansport cost reduces the
profitability of spatial price discrimination. I§ ithe ability of the outside innovator to
craft a dominate strategy that results in both dlis{s purchasing the license and in an
improvement in social welfare.

Thus, by uniquely combining spatial price discriation and an innovation that
lowers transportation costs, we provide a seriggof insights. In the final section we

summarize and suggest future avenues of research.

14. An Inside Innovator

The market is normalized to a unit line segment@sumers are uniformly
distributed along the market. Each consumer camobeyunit with reservation pridé
We assume thdt is everywhere above the delivered cost of the twropeting firms.
The transport costs per unit of distance for thadiaret; andt, and the locations aig
andL, whereL; < L,. We arbitrarily set a constant per unit productost to zero and
imagine that firm 1 creates a new technology tbaels its transport cost lzysuch that
t; =t—c,t, =t,andc<t.

The game consists of three stages. In the firgestarm 1 decides whether or not
to license to firm 2 and if so, whether to do sanisans of a fixed felg, an output

royaltyr or a per unit of distance fe&, Given the licensing decision made in the first
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stage, both firms simultaneously choose their looatin second stage. The spatial price
schedule is announced in the third stage.

The model is solved by backward induction. We thate by first examining the
case of no licensing. The price schedule underidigtation is the outer envelope of the
rivals' delivered costs as shown in Figure 4. Fgr@nsumer located atthe price is

p(x, Ly, Ly) = max {t(L, — x), (t — c)(x — L;)}. Customers buy from the firm with

—L1t+L16‘—tL2

lower delivered cost and so the consumer located at is indifferent

between firmg? The general expressions for profits (before pgginreceiving

licensing fees) are
= [ (L, — %) — ty(Ly — )dx + fo: t,(Ly — x) — t;(x — L;)dx (84)

L
my = 7 t1(x = Ly) = t(Ly = 0)dx + [ t3(x = L) = (¢ = L)dx (85)

as identified in Figure 4.
In the second stage, each firm maximizes its owfitpwith respect to its location

givent; =t —c, t, = t,andx”. Solving the resulting best response functions

t 3t—c

simultaneously yields)t = - and Lyt = .- Returning these to (84) and (85)
yields
NL _ t2(3t—c)
T = Gi-02 (86)

7tc?—8ct?+3t3-2¢3
myt = (87)

4(2t—c)?
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Note that wher=0 (the firms have the same transport cost), tinesfiocate at the

quartiles,L; = % and L, = > (Hurter and Lederer, 1985) but move increasingiiitrasc

T2
increases. We now consider the three possibledicgrschemes and ultimately compare
Nt and firm 1's profit under the alternative licemggthemes to determine the final

equilibrium.

14.1. Licensing with a Fixed Fée

If firm 1 licenses with fixed fe€&, t, =t — c. The resulting price schedule
become® (x, L,,L,) = max {(t — ¢)(L, — x), (t — ¢)(x — L;)}. The total profits are
nf =m, + F andnf = m, — F, wherer,andr, are (84) and (85) after recognizing that
_ Latls

t1=t2=t—Candx*— >

Firm 1 and firm 2 have identical transport costsake at the quartiles and

f % (t—c¢) + F andnf = % (t — ¢) — F. Firm 1 charges the largest fixed fee

acceptable to firm 2 by making it indifferent todnsing:F = %(t —c)—nht =

c(8t%—13tc+5c?)

oGt and so

F_ 6t3—8ct?+tc?+c?
T

= 8J8

8(2t—c)?

14.2. Licensing with a Per Unit of Output Royaity
Firm 1 charges a royaltyfor each unit sold regardless of distance shippiesv
t, = t — ¢ but the price schedule include(x, L,,L,) = max {r + (t — ¢)(L, — x),

(t — ¢)(x — Ly)}. The resulting profits aref = m; + r andn® = m, — r(1 — x*)
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. Lit—L tLy—cL . . , _
wheret, = t, = t — candx* = = 1;:;) 22 The expression for the firm 2's profit

shows it paying the royalty on each unit it seli$ that firm1 includes on each unit sold
by either firm. Obviously, it receivesas the payment from firm 2 on the units firm 2
sells but the fact that firm 2's delivered cosingormly increased by means that it
implicitly receivesr on all of its own units sold as well.

In the second stage the locations again follow feaoh firm maximizes profit
with respect to location and simultaneously solutimg resulting best response functions.

These locations are functionstp€ andr and when returned to the profit expressions

12¢2-76rc—24tc+76rt—13r2+12t2
64(t—c)

__ 3(4c?+12rc—8tc—12rt+9r2+4t2)

4—0) . Fim1

yield tf = andn¥
maximizestR with respect to subject to the constraint thaf = 7)~. The constraint

R
ensures that the rival will accept the license iargleasy to show the‘%fr—1 > 0 forr less

than that implied by the constraffit. The solution implied by the constraint is then

= 2(—3c+6t—-2vV6cZ—15tc+9t2)(t—c)

e which generates equilibrium locatiots =

6c—12t+V6c2—15tc+9t? andi? = 6c—12t+V6c2—15tc+9t?

S2tr0) 2070 . These locations imply that

R _ 345t3+4389tc?-664t2c—70c3+(132tc—44c2-88t%)V6c2—15tc+9t2 (89)
k=

108(2t—c)?

T

14.3. Licensing with a Per Unit of Distance ke
Firm 1 licenses with a fixed rate dfper unit of distance such thigt=t — c + d.

The equilibrium pricing schedule igx, L,,L,) = max {(t — c + d)(L, — x), (t —



58

c)(x — Ly)}. Substitutingt; =t —c,t, =t —c+d, andx* = _th“j:;f;tfizc_m into

(84) and (85) yields? = m, + [2d(L, — x)dx + lez d(x — L,)dx andr? = .

In the second stage the locations again follow femoh firm maximizing profit

with respect to location and simultaneously solimg best response function$: =

2c2-2cd—4tc+2t2+2td+d?
8c2-7cd—16tc+2d2+8t2+7td

2(3c?—3cd—6tc+3t%+3td+d?)
. These values are returned
8c2-7cd—-16tc+2d2+8t2+7td

andLl =
to the profit expressions to yietf andr? as shown in Appendix 3. Firm 1 now

maximizest? with respect tal subject to the constraint thaf = 7). The constraint

D
again insures that the rival will accept the liasd it can be checked tt%l— > 0 for

all values ofd. Thus, the constraint binds and has a singleipesi¢al rootd’(c, t), that
can be solved but is a messy higher order funafarandt (although available upon
request). Critically, the optimal valukthat is always above We show this by
normalizingt=1 so that becomes the share of the transport cost eliminated
innovation andl becomes the share of transport cost being chagedlistance fee. In
this cased’(c,t = 1) — ¢ = 0 only whenc itself equals zero and is otherwise positie.
For example when the innovation reduces transpsttto half of its previous sizes0.5,
the profit maximizing distance feeds=0.657.

We will show that the optimal choice is to licensi¢h the distance feé but first
we explain the effect af on locations and why the optimals greater than. We do this
in a proposition that highlights the accommodategponse of the innovator to a large

distance fee.
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D D
Proposition 11: i) aaLdl >0 and% > 0; ii) if d=c, L? < LY+ andL} < LY*andn? —
¥t > 0.

Lo 0L (t—0)(3d?+8d(t—c)+2(t—c)?) .
Proof: i) dd ~ (—16tc—7cd+2d%+8c2+8t2+7td)? >0

LY 2(t-o)(d?+4d(t—c)+3(t—c)?)
ad (—16tc—7cd+2d%+8c2+8t2+7td)?

.. D _ __ JNL _ C(C—t)(26—3t) . 1D _ __ JNL _
i)L7(d =c) - LT" = 2(=2t+¢)(3(t—c)2+3t(t—c)+2t2) <0 Lz(d=¢) - L3 =

c(c—t)? ]
2(=2t+c)(3(t—c)2+3t(t—c)+2t2) <0

c(=3t+2¢)(—t+c)3(5(t—c)?+7t(t—c)+4t?)

D NL
ny(d=c)—my" =
2 ( ) 2 4(=9tc+3c2+8t2)2(—2t+c)?

> 0.

Given that firm 2 has the new transport technol@gyg increases firm 2 has increasingly
higher transport costs than firm 1 and, as a caresg, the optimal locations of both
firms move right. Critically, whed=c, each firm has identical transport costs to those
without licensing but the locations differ from geowithout licensing. Firm 1 locates less
aggressively, closer to the left as shown by s)it@arns licensing revenue that grows
with the market share of firm 2. The more accomatiog) location of firm 1 implies that
whend=c, firm 2 also moves left and so earns profits abekiat it earned without the
new technology despite having the same transpstscdhus, firm 1 can actually
increase the value dfabovec moving both firms right until firm 2 earns profitentical

to its no licensing cas®.This ability of firm 1 to dramatically increasedinsing revenue

through an accommodating location sets up the &gallibrium.



60

14.4. The Equilibrium
The choice of licensing scheme follows from compguthe profit of firm 1 in the

four cases outlined.

Proposition 12: i) Fixed fee and royalty licensing are never piatle; ii) The only
profitable license uses a unit distance fee

Pr oof:

i) Subtracting (86) from (88) yieldsf — zt = — <39 o Subtracting (86) from (89)

8(2t—c)

70c3-389tc?+637t%c—264t3+(44c%—132tc+88t%)V6c2—15tc+9t?

<0.

H R NL _
yields n — '™ =

108(2t—c)?
o Drg_ oy - NL _ cle=t)3(6(c3~t3)-9tc?-25t(t—c)*~17(t=c)t?) con?
i) 77 (d = ¢) —my™ = 4(8t2+3c2-9tc)2(2t—c)2 > 0; ad

8d®+84(t—c)d>+374(t—c)?2d*+901(t—c)3d3+1272(t—c)*d?+1016d(t—c)>+368(t—c)®

2(2d2+7d(t—c)+8(t—c)?)3 > 0. From the

above analysis, we have already known that ¢ sor?(d = d') — n}'t > 0.

The best fixed fee is not sufficient to outweigh thisadvantage of facing a rival
with equal transport costs. Similarly, the royadtearned per unit of output and the
resulting increased production cost of firm 2 do eatweigh the disadvantage of facing a
rival with equal transport costs. Only when firngdn not only maintain but expand its
transport cost advantage will it make sense tm$ieeand the licensing scheme that can

accomplish this is dependent upon distance.

15. lllustrating the Consequences of the Licensingquilibrium
We now illustrate the equilibrium that uses theatise fee. We first present a

simulation of the locations for different size imations and contrast those with the
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locations that happen without licensing. We theowsthat the equilibrium with licensing
improves social welfare relative to that withoaelnsing but that it generates a licensing
fee that is too large to maximize social welfare.

To get a sense of the impact of the distance éemsing on firms’ locations we
consider a series of cost reductions associatddimibvationc = 0.1, ..., 0.9. For each
of the nine values from a 10 percent reductionoist€to a 90 percent reduction in costs,
we calculate the equilibrium locations associatét wo licensing and with the licensing
equilibrium we have derived. These are presemtddble 5 and illustrate that the two
firms move to the right in either equilibrium asncreases. Critically, for any given value
of ¢, the licensee locates further to the right unterlicensing equilibrium than in the
case of no licensing. At the same time, the innmviaicates further to the left under the
licensing equilibrium than under the case of neriging. Thus, the availability of
licensing pushes the firms toward the corners. mbeement right by the licensee is
generally far smaller than the accommodating moverokthe innovator left.

The consequence of licensing on social welfare niégpan part, on these
movements. Any movement toward symmetry improveare as does the fact that
fewer real resources are used to transport thesgofithe licensee.

Now, we compare the social welfare with and witthiccensing. The social
welfare SW follows as the difference between total willingad¢o pay and the real
transport costTC): SW =I' — TC The transport cost under no licensinglié¥: =
(=)L) + 5 (t = )" — L)? +5t(Ly — x)? + (1 — Ly)? where x* =

%. The transport cost under distance fee licensirifgd? = %(t —c)(L)* +

~(t— )" = L)? +5 (t = )Lz — x*)? + 5 (t — ©)(1 — L,)2. Note that the real
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transport cost per unit for firm 2 does not incldalle licensing transfer to firm 1 yet that

transfer influences the location of the indifferenhsumer so that* =

—L1t+L1C—L2 t+L2C—L2

ey 2 The social welfare under no licensing9sZ V- = I — == pyt

4(2t—-c)

the social welfare under distance fee licensingaiama higher order function ofandt.

By again normalizing=1, both social welfare functions can be easilypbeal over the

range ofc. These are shown in Figure 5 and make cleastrst — SWNL > 0 for all
0 < ¢ < t. Licensing improves welfare.

While it is clear that a governmental authority cemed with welfare should
allow licensing with a distance fee, it may wiskctimtrol the size of that fee. On the one
hand, a fee of zero would result in efficient laoas at the quartiles and minimize the
real resources spent on transportaffofihe problem with setting such a fee is that it
lowers the profit of firm 1 and so licensing wilbihhappen. Thus, we explore whether
there exists a governmentally set fee that maxisnilze increase in welfare associated
with licensing subject to the constraint that theavator has an incentive to license.

We have already shown that the profit of firm lreases ird and it can be shown
that social welfare decreasedin Thus, the welfare maximizing fee is that whicakes
firm 1 indifferent to licensing and that this feelower than the equilibrium level. When
one solves the implied constraint thdt in the appendix equaig'” it yields a higher
order polynomial root that can again be easily yeab Figure 6 shows™ < d’ and
whiled' > c,d* < cforall0 < ¢ < t. The distances associated with the socially
optimal fee are illustrated in Table 5. They shbattboth firms locate to the left of either
the no-licensing case or the licensing equilibridine smaller fee promotes the leftward

accommodation of the innovator but does not allow be fully exploited. Indeed, it can
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be confirmed that the profitability of the rivalcreases as a result of the licensee even as
that of innovator remains the same as without Bagm The total transport costs are
illustrated in Table 6 showing the welfare maxim@rosts to be lowest but closer to
those in the licensing equilibrium than the costthat equilibrium are to those in the
case without licensing.

We recognize that we have illustrated only the tsmtuto the static problem of
how to price an existing innovation. We have notleled the R&D process and a
governmental authority concerned with providingiimad dynamic incentives for
innovation might adopt an alternative fee. This ldquresumably be higher and provide
a licensing return to the innovator raising thelitianal issues of dynamic vs. static

efficiency common in studying patents.

16. An Outside Innovator

We now consider a transport cost-reducing innowdtiom a market outsider.
The basics of the framework remain identical bw mathout licensing; = t, =t and
with licensingt; = t — c. The game again consists of three stages. Inrdtesfage, the
outsider now decides whether to license and ibgayhich method and to how many
firms. We consider the same three potential licenéees. In the second stage the firms
decide whether or not to accept the license and $heultaneously locate. In the third
stage, the price schedule is announced.

We again solve by backward induction and firsteevthe no licensing case. The
consumer located atis charge(x, Ly, L,) = max {t(L, — x), t(x — L;)}. Firm

profits arer = m; andrn)t = m, whererr, andm, are (84) and (85) after substituting
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t; =t, =tandx* = le;Lz With identical transport cost per unit of distanfirms

locate at the quartiles and
Nl = gt =2t (90)

Obviously, the outside innovator earns no profithis casel.=0 (wherel. denotes the

outside innovator’s licensing revenue).

16.1. Licensing with a Fixed Fée
If the outside innovator licenses to both firmshaatfixed feeF, L=2F and
t; =t, =t —c. The price schedule jf(x, L1, L,) = max {(t — c¢)(L, — x), (t —c)(x —

L,)}. The total profits arel = n; — F andnf = m, — F wheren; andn, are (84) and

L

(85) witht; =t, =t — c andx* = %LZ The firms locate at quartiles anfl = £ =

% (t — c¢) — F. Importantly, if the firms were to cooperativelgcide, they would not

accept the license as both the fixed fee and therltransport cost reduce profits.
However, in a non-cooperative equilibrium, theresesxthe fear that the rival will accept
the innovation if one firm unilaterally declines.e/Mdescribe the resulting prisoner's
dilemma.

Imagine only firm 1 purchases the license, théh= n; —F1 andni?! = m,

.  —Lit+Lic—tL .
wheret, =t —c, t, = t, andx* = #CCZ In the second stage each firm

maximizes its profit with respect to its locatiamdasolving the resulting best response

functions simultaneously yields the equilibriumdtions. These locations yietd! =
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2_ 2 3_9.3
—F1andnf! = 7% f(czttj:’; 2 The fixed fed=1 makes firm 1 indifferent

t2(3t-c)
4(2t—c)?

2 -
about buying the innovation and is determined ttrseting (90) fromi(g;_cg. Thus

__ tc(8t—-3c¢)
T 16(2t—c)2

L=F1 jo1

Thus, for any fixed fee less than or equdaFidirm 1 purchases the license when its rival
doesn't. If firm1, indeed, purchases the liceffisey 2 could be better off by also

purchasing the license. The profit for each firrhath firms purchase the license is
% (t — ¢) —F which can be compared#g . Firm 2 thus purchases the license

2_ 2
whenever the fixed fee is less than or equal@ — ¢) — it = SB35 _ o
16 16(2t—c)?

It can be shown tha@* <F1 and thus it is the largest fee that will make pasthg the

license a dominant strategy for each firm. Theidetss licensing revenue is

c(8t?—13tc+5c?)

L=2F = 8(2t—c)?

(92)

By comparing the licensing revenue in (91) to thg©2), the outside innovator

decides whether to license to one firm or two firms

Proposition 13: The outside innovator licenses by a fixed feedth firms when

0 < ¢ <.427t and to only one firm whemt27t < c < t.

8t2c—23tc2+10c3

Proof: Subtracting (91) from (92) yields———"—=

which when set equal to zero

and solved yields=.42% and the sign can be checked either side of titisalrvalue.



66

When two licenses are sold, equilibrium locatiog®ain at the quatrtiles.
Moreover, because of the need to make licensingardhnt strategy for both firms, the
profit of each firm increases as a result of ligegslf only a single firm is licensed, the
full value of the cost reduction is extracted bg thnovator. Which strategy is chosen
depends on the relative sizeadb t. Whenc is small relative td, a single firm with
access to the technology gains relatively littlekaeashare and as a consequence it less
profitable to sell only one license. When the cesluction is large, extracting the full

value can be more profitable as the single licefisedgains substantial market share.

16.2. Licensing with an Output Royalty

If the outside innovator licenses to both firm Hdinm 2 with an output royalty
for each unit sold thety = t, = t — ¢ and the price schedulep$x, L,,L,) = max {r +
(t—c)(Ly, —x), r+ (t —c)(x — Ly)}. As both firms pay per unit, the royalty
influences neither locations nor the resulting psofThus,z] = m; andr} = m,, where

Li+L,

m, andm, are (84) and (85) withy =t, =t—cand x* = . AsT continues to

exceed the delivered costs by assumplisty, andri =} = % (t — ¢). While the
firms no longer lose profit to a fixed fee, theyhtaue to earn less than without the
technology and the prisoner’s dilemma remains.

If only firm 1 purchases the patenf,=t —c, t, = t,andL = (r1)x*. The price
schedule becomeg(x, L, L,) = max {t(L, — x), (r1)+(t — c¢)(x — L;)}. Firm profits

arer]! = m; — (r)x*andn}! = m, +(r1)(1 — x*), whererr; andm, are (84) and (85)

. . tLi+tL,—(r1)—cL )
witht, = t —c, t, = t, andx* = 227 ;t_(z =<1 |n the second stage, each firm

maximizes its profit over its own location and sltaneously solving the resulting best
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response functions yields equilibrium locationsturR@ng these locations to outside

(r1)(t-2(r1))

innovator’s licensing revenue and firms’ profitelgsL = 2o and
r1 _ @O@1D-1)?2(3t-c)
T = T Gi-o2 319
r1 _ (t+2(r1)-c)?(3t—2c¢)
= 4(2t—c)2 (94)

Firm 1 gains the market advantage of lower trartsgust but must pay the royalty. The
outsider maximizes royalty income and it can be/\shmat% > 0 for all royalties that

would induce firm 1 to purchase the license. Thius,outside innovator choosesso

— 2 4 _ 3 2,2 3
that (93) equals the profit without licensing i) 1=—= +2tc+\/362(cf83';)c+21t et

The resulting licensing revenue is

—3¢2 —12t2+2,/3t(3t—c)(2t—c)?
=|=_(r1)x* — t(—3c*+12tc—12t*+2+/3t(3t—c)(2t—c)?) (95)

8(3t—c)(2t—c)

If firm 1 purchases the license, firm 2 might atsobetter off purchasing the license.

When two licenses are sold, the profit of each iisrﬁ- (t — ¢) which equals (94) when

.  —4c?+10tc—6t%+V6ct—39tc34+93c2t2—-96t3c+36t%
rt = (96)
4(3t—2c)

It can be shownr*<rl and thus both firms will purchase the license derainant
strategy for any royalty less than or equattoThus, when selling to two firms=r*.

The optimal number of firms to be licensed can &eohnined.
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Proposition 14: The outside innovator licenses by an output rgytaltooth firms when
0 < ¢ <.847t and to only one firm wherg847t < c < t.

Proof: Subtracting (95) from (96) yields

54tc3—8c*—127t2c?+120t3c-36t*—(10ct—2c%-12t2){/3(2c2—5ct+3t2) (2t —c)2 +(4tc—6t2),/3t(3t—c) (2t —c)?
8(3t—2c)(3t—c)(2t—c)

which when set equal to zero and solved yiekl84% and the sign can be checked

either side of this critical value.

Again, if both firms are licensed the locations admat the quartiles. The outside
innovator collects the smaller royalty but for adiits sold in the market. With one
license, it collects the larger royalty but onlytbe units of one firm. The share of the
market for that one firm is larger whers larger. Thus, only for large valuesaiwill
the higher royalty fee cause the outsider to s@il t one firm. This largely mimics the

result with the fixed fee.

16.3. Licensing with a Per Unit of Distance ke

If the outside innovator licenses to both firmshnatdistance feé, thent; =
t, =t —c +d. The price schedule {8(x, L,,L,) = max{(t —c+ d)(L, —x), (t —c +
d)(x — L,)}. Substitutingt; = t, =t — c +d andx* = le;LZ into (84) and (85) yields
¢ = m; andnd = m,. The outside innovator’s total incomelis fOL1 d(L; — x)dx +

fo: d(x — Ly)dx + fof d(L, — x)dx + lez d(x — L,)dx. Each firm earng? = ¢ =

3
E(t—C-Fd).
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If only firm 1 purchases the patent thgn=t — ¢ + d1 andt, = t. The price

schedule i®(x, L, L) = max {t(L, — x), (t — ¢ + d1)(x — L,)}. Firms’ profits are

=, andn$t = m, whererr; andm, are (84) and (85) withy =t —c + d1,t, = t,
—L1t+L1C—L1(d1)—tL2

andx” = —2t+c—(d1)

. The outside innovator’s revenuelis= fOLl(dl)(L1 —

x)dx + fo:(dl)(x — L,)dx. In stage 2, each firm maximizes its profit widspect to its

own location and simultaneously solving the reaglthest response functions yields

equilibrium locations. Returning the equilibriuncédions to the outside innovator’s

(d1)t?

4(2t—c+(d1))? and

licensing revenue and each firm’s profit yields-

d1 _ t3(—c+(d1)+3t)

= 4(2t—c+(d1))? (97)

d1 _ (Bt=2c+2(d1D)(t-c+(d1))?
Ty = 4(2t—c+(d1))2 (98)

The outside innovator maximizéswith respect ta@l1 subject to the constraint that (97)

is larger than or equal to (90). It can be checthada% > ( for values ofd1 that meet

the constraintThus,d1=c andL= % c.

Thus, for any distance fee less than or equdlitérm 1 will purchase the license
when its rival doesn’t. If firm 1 has the innovatjdirm 2 could be better off by also
purchasing the license. The maximum amount thergetirm will pay is given by
settingmd = % (t — c + d) equal to (98) and solving. Thus, = c and the outside

innovator will charge no matter how many firms are licensed and soligéghse both

firms. With two licenses sold, the licensing reversi
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L==xc (99)

In this case there is no tradeoff between a hijbensing fee and the number of firms

licensed.

16.4. The Equilibrium

The final equilibrium reflects the outsider's cleoaf licensing scheme.

Proposition 15: For an outside innovator all three forms of Isiey are profitable but
charging a fixed fee is the most profitable.
Proof: A piecewise comparison afacross all values affrom 0 tot for each licensing

scheme shows the fixed fee dominates. This conmgraisspresented in Figure 7.

The optimal distance fee is charged to both firms$ @ a consequence, the
licensing revenue is simply linear @from (99). For either a fixed fee or the royalty a
single firm is licensed with large enoughThe inflection points from propositions (13)
and (14) are illustrated in Figure 7. Because pagifixed fee gives the single licensed
firm a bigger cost advantage and market sharantteetion comes at smallerthan for
the royalty. As a consequence of this larger acgmtthe value of the license is greatest
to a single firm when paying a fixed fee makinthe optimal single license for the
outsider. Importantly, this large advantage forgimgle licensed firm means the greatest
competitive harm to the excluded rival. As a capusace, the excluded rival will pay
the most to receive a second license under thd fe® Thus, regardless of whether

licensing to one or two firms the fixed fee will beosen
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As in the case of an insider innovating, licensmgroves social welfare. Social
welfare remains the difference between total wgltiass to pay and real transport cost.
With two licenses sold, the reduction in unit tnamg cost improves social welfare
without changing firms’ locations relative to the icensing case. Moreover, these
locations are first best. When only one firm ighised the fact that asymmetric locations
emerge is outweighed by the fact that transportscar® lower for most of the marit.
Yet, the locations are not first best and a sqaehner would prefer licensing to both

firms.

17. Conclusion

This paper is unique in studying the licensingrahsport cost-reducing
innovation. We recognize that such an innovat@m loe critical under spatial price
discrimination in which the consumer pays a debdeprice. While the Cournot quantity
model argues that royalties are preferable to fieed for an insider, we show that both
of these fee structures are impossible for thevation we study. Neither generates
profit and it is simply better for the innovatoreajoy lower transport cost. We show that
only a per distance fee can provide the innovattr loth licensing revenue and a
superior competitive position.

When innovator is outside the market, we show ttmafixed fee license always
generates the highest licensing revenue. Thidtr@ssome ways mimics that from
simply Cournot competition. Like that case theowator can extract the most revenue
but the mechanism differs. Specifically, we dentiais the importance of the prisoner's

dilemma as jointly the firms would prefeot to have the innovation that inherently limits
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the profitability of spatial price discriminatioh.is only the fear that the rival will
purchase the license that allows the innovatostaldish a dominant strategy in which
each firm pays for the license. This differs frdme tase of process innovation in the
Cournot quantity model. We show that as for higtele ofc, the outsider will prefer to
sell to only one firm.

There are a number of possible extensions ofatbr&. One of our basic
assumptions has been that regardless of the limpasicisions, the full market is served.
This could be modified. First, when the reservapoice is low enough, purchasing the
license could lower transport cost so that thedioould acquire new customers. Second,
when the innovator is an insider, the location adizge associated with lower transport
cost becomes muted. This may imply that fixed feenising and the royalty licensing
could be profitable and even change the relatiderang. Finally, one might consider
downward sloping demand curves at each point imtheket suggesting another gain to

the firms from purchasing the license.



73

REFERENCES

Aliprantis CD, Chakrabarti SK (200@ames and Decision Makiniew York : Oxford
University Press

Barcena-Ruiz JC, Casado-lzaga FJ (2005) Shoulc®:Bblaiers Delegate Location
Decisions™Research in Economi&9: 209-222

Baiman S, Rajan MV (1995) Centralization, Delegatiand Shared Responsibility in the
Assignment of Capital Investment Decision Rigltsurnal of Accounting
Researct83: 135-164

Barros F (1995) Incentive Schemes as Strategi@Ws: An Application to a Mixed
Duopoly.International Journal of Industrial Organizatiot3: 373-386

Borkowski SC (1999) International Managerial Parfance Evaluation: A Five-Country
Study.Journal of international Business Studi& 533 — 555

Bowers B (2001) Sir Charles Wheatstone FRS:180%5.18K: The Institution of

Electrical Engineers

Boyer M, Moreaux M (1983) Consistent Versus Non-§isient Conjectures in Duopoly
Theory: Some Example$he Journal of Industrial Economi&2:97-110

Bresnahan TF (1981) Duopoly Models with ConsisteomjecturesAmerican Economic
Review71: 934-945

Caballero-Sanz F, Moner-Colonques R, Sempere-Misn&l(2002) Optimal Licensing

in a Spatial ModelAnnales d’ economie et de statistidife 257-279
Cabral LMB (1995) Conjectural Variations as a RetlEorm Economics Letter49:

397-402



74

Carpozza DR, Van OD (1989) Spatial Competition v@timsistent Conjecture3ournal
of Regional Sciencg9: 1 — 13
Colombo S (2009) Sustainability of Collusion withderfect Price Discrimination and
Inelastic Demand FunctionEconomics Bulletir29: 1687-1694
Fershtman C, Judd KL (1987) Equilibrium Incentive®©ligopoly. American Economic
Review77: 927-940
Friedman J (1983pligopoly Theory Cambridge Books: Cambridge University Press
Gal-Or E (1985) First Mover and Second Mover Adeges International Economic
Review26: 649-653
Gautier A, Paolini D (2007) Delegation and InforraatRevelationJournal of
Institutional and Theoretical Economics JITB3: 574 — 597
Gibbons R (2005) Incentives Between Firms (and WjttManagement Scienéd.: 2-17
Gonzélez-Maestre M, Lopez-Cuiiat J (2001) DelegatimhMergers in Oligopoly.
International Journal of Industrial Organizatial®: 1263-1279
Greenhut ML (1981) Spatial Pricing in the Unite@dt®8s, West Germany and Japan.
Economica48:79-86
Gupta B (1992) Sequential Entry and Deterrence @iampetitive Spatial Price
Discrimination.Economics Letter88:487-490
Gupta B (1994) Competitive Spatial Price Discrintiowa with Strictly Convex
Production CostRegional Science and Urban Econonfids 265-272
Hamilton JH, Thisse JF, Weskamp A (1989) Spatiagkbmination: Bertrand vs.
Cournot in a Model of Location Choideegional Science and Urban Econonil®

87-102



75

Harps LH (2006) Innovation: A Fresh Eye on the Syhain.
http://www.inboundlogistics.com/cms/article/innowat-a-fresh-eye-on-the-supply-
chain/

Heywood JS, McGinty M (2012) Scale Economies, Csirst Conjectures and Teams.

Economics Letter$17: 566 - 568

Heywood JS, Ye G (2011) Patent Licensing in a Mad&patial Price Discrimination.
Papers in Regional Scien®®: 589 — 603

Hurter AP, Lederer PJ (1985) Spatial Duopoly witlkddiminatory PricingRegional
Science and Urban EconomitS: 541-553

Itaya J, Shimomura K (2001) A Dynamic Conjecturakidtions Model in the Private

Provision of Public Goods: A Differential Game Appch.Journal of Public
Economics81: 153-172

Jansen T, van Lier A, van Witteloostuijn A (2007 Nate on Strategic Delegation: The
Market Share Caséternational Journal of Industrial Organizatidzb: 531-539

Kabiraj T, Lee CC (2011) Licensing Contracts in élldg StructureTheoretical
Economics Letter$:57-62

Kamien MI, Omen SS, Tauman Y (1992) Optimal Licagsof Cost Reducing
Innovation.Jounal of Mathematical Economi24:483-508

Kamien MI, Tauman Y (1986) Fees Versus Royaltiastae Private Value of a Patent.
Quarterly Journal of EconomicH01: 471-492

Kamien MI, Tauman Y (2002) Patent Licensing: Theider StoryManchester School

70: 7-15



76

Katz ML, Shapiro C (1986) How to License IntangiBl®perty Quarterly Journal of
Economicsl01: 567-589
Kopel M, Loffler C (2008) Commitment, First-Moven@ Second-Mover Advantage.
Journal of Economic84: 143-166
Lekeas PV, Stamatopoulos G (2011) Strategic Dalmgat a Sequential Model with
Multiple Stageslnternational Game Theory Revieh8: 1 - 12
Liang WJ, Tseng CC,Wang KCA (2011) Location Chaoicth Delegation: Bertrand vs.
Cournot CompetitionEconomic Modellin@8: 1774 — 1781
Liu Q, Serfes K (2004) Quality of Information andigdpolistic Price Discrimination.
Journal of Economics and Management Strategy671-702
Martin S (2002) Advanced Industrial Economics. Riaell, Oxford UK and Cambridge
USA
Matsumura T, Matsushima N (2012) Locating Outsideidear City Can Benefit
ConsumersJournal of Regional Sciené&®: 420 — 432
Matsumura T, Matsushima N, Stamatopoulos G (20@@ation Equilibrium with
Asymmetric Firms: the Role of Licensingpurnal of Economic89: 267-276
Moner — Colonques R, Sempere — Monerris JJ, UrBa(&D04) Strategic Delegation
with Multiproduct FirmsJournal of Economics and Management Strategry
405 — 427
Mulligan GF, Fik TJ (1994) Price and Location Catiges in Medium- and Long-run
Spatial Competition Modelgournal of Regional Scien@&.: 179 - 198
Mulligan GF, Fik TJ (1995) Consistent Price and &tban Conjectures in Spatial

Competition ModelsThe Annals of Regional Sciernz@: 91-109



77

Neven D J (1987) Endogeous Sequential Entry inai&gModel.International Journal
of Industrial Organizatiorb: 419-434
Norman G (1989) Monopolistic CompetitioRegional Science and Urban Economi€s
31-53
Perloff JM, Karp LS, Golan A (2007) Estimating MatlPower and Strategies.
Cambridge: Cambridge University Press
Poddar S, Sinha UB (2004) On Patent Licensing eti8pCompetitionEconomic
Record80: 208-218
Possajennikov A (2009) The Evolutionary StabilifyGonstant Consistent Conjectures.
Journal of Economic Behavior and Organizatit 21 — 29
Prendergast C (1999) The Provision of Incentivasiims.Journal of Economic
Literature37: 7-63
Ritz RA (2008) Strategic Incentives for Market Shamternational Journal of Industrial
Organization26: 586-597
Sengul M, Gimeno J, Dial J (2012) Strategic DeliegatA Review, Theoretical
Integration, and Research Agendaurnal of Managemerd8: 375-414
Sklivas SD (1987) The Strategic Choice of Managdiémizentives.The Rand Journal of
Economicsl8: 452-458
Song Y, Hou Z, Wen F, NiY, Wu FF (2003) ConjeelWariation Based Learning of
Generator’'s Behavior in Electricity Markétircuits and Systent 403-406
Stefansson G, Lumsden K (2009) Performance Isdussart Transportation
Management Systermternational Journal of Productivity and Performamn

Managemen8: 55-70



78

Sugden R (1985) Consistent Conjectures and Volyi@antributions to Public Goods:
Why the Conventional Theory Does Not Wadkurnal of Public Economica7:
117-124

Thisse JF, Vives X (1988) On the Strategic Choic8aatial Price PolicyThe American

Economic Review8:122-137
Tirole J (1988)The Theory of Industrial Organizatio@ambridge, MIT Press
Tomaru Y, Nakamura Y, Saito M (2011) Strategic Mgaeraal Delegation in a Mixed
Duopoly with Capacity Choice: Partial DelegationFoill DelegationThe
Manchester Schoal9: 811 — 838
Unilever (2011)Transport & Distribution.http://www.unilever.com/sustainable-
living/greenhousegases/transport/
U.S. Senate. Committee on PateAiggjuments Before the Committee on Patents of the
Senate and House of Representatives (to accompad§)3Vashington:
Government Printing Office, 1878.
van Witteloostuijn A, Jansen T, van Lier A (200@rBaining over Managerial Contracts
in Delegation Games: Managerial Power, ContractiDssire and Cartel
Behavior.Managerial and Decision Economi28: 897-904
Vardy F (2004) The Value of Commitment in Stackep@&ames with Observatidbosts.
Games and Economic Behavé®: 374-400

Vickers J (1985) Delegation and the Theory of thenFEconomic Journal Supplement
95: 138-147

Wang HX (1998) Fee Versus Royalty Licensing in ai@ot Duopoly ModelEconomic

Letters60: 55-62



Zhao K (2012) Delegation in a Spatial Game with &gehous Spillovers. Working

Paper, Department of Economics, Université du Maine

79



80

Appendix A: Proposition 1

Case 1: Both firms use delegation

Equation (11) gives the payoffs with delegation.

Case 2: Both firms do not use delegation

PluggingL; = 1/4 andL, = 3/4 (Hurter and Lederer 1985) into equations (1) and (2

yieldsm; = m, = .188¢t.

Case 3: Only Firm 1 adopts delegation (symmetriority Firm 2 adopting delegation)
Imaging that owner 1 adopts delegation and owndp&s not. With backward

induction, we know the pricing equilibrium and fisolve the location game. Firm 1's

manager maximizes equation (3) and Firm 2’'s ownaximizes equation (2) as, = 1.

Solving the best response functions yields thetioos:

Ll == (20{11‘ + 3 - 3“1)/8a1t

LZ == (6a1t + 1 - al)/80l1t

Returning these to equation (1), the incentive ipatar chosen by the owner of Firm 1 is:

a, =5/(2t + 5)

Returning this value to the locations above anebeations (1) and (2) yields:

Ll == .4 and LZ == .8, m = .Zt, and T, = .12t

The payoffs are all shown in Table 1 revealing get®n as a dominant strategy for each

owner.
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Appendix B: Delegation with Convex Costs and Propadtson 6

Case 1: Both firms use delegation

Equation (26) gives the payoffs with delegation.

Case 2: Both firms do not use delegation

PluggingL; = (2t + k)/8(k + t) andL, = (6t + 7k)/8(k + t) (Gupta 1994) into
equations (19) and (20) yields:

T =1 = 31k%t+36kt2+12t3+8k3
R 64(k+t)2

Case 3: Only Firm 1 adopts delegation (symmetriority Firm 2 adopting delegation)
In the location game Firm 1’s manager maximizesaéqo (3) and Firm 2’s owner
maximizes equation (20) to generate best respamsiéns and locations as a function
of Firm 1's delegation parameter. In stagex2,is chosen by Firm 1's owner to

maximize his profit. Returning; to locations yields:

2(4k*+19tk3+31k?t2+20kt3 +4t*)

L, =
1 232tk3+289k2t2+140kt3+64k*+20t*

56k*+195tk3+232k?t2+108kt3+16t%
232tk3+289k2t2+140kt3+64k*+20t%

L2:

Given above locations, firms’ profits are:

S 16k5+88tk*+177k3t2+158k%t3+60kt*+8t°
1 2(232tk3+289k2t2+140kt3+64k*+20t%)

T, =

512k°+4672tk84+18168k7t2+39271k°t3+51542k5t*+42063t5k*+20960t°k3+5992t7 k2 +864t8k+48t°
(232tk3+289Kk2t2+140kt3+64k*+20t%)2
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Subtracting Firm 2’s profit in case 3 from Firm psofit in case 1 yields:

t3(474516k5t5+6976k°t+41856k5t2+512k10+145281k7¢3+322062k0t*+467864k*t°+302128k3t7+120480k2t8+26048kt°+2176t10)
8(8k2+15tk+6t2)2(289k2t2+140kt3+64k*+232k3t+20t4)?

Thus, the owner of Firm 2 will delegate if Firm éleigates and symmetry implies that
the owner of Firm 1 will delegate if Firm 2 delegat Subtracting Firm 1’s profit in case
2 from Firm 1’s profit in case 3 yields:

t3(k*+8Kk3t+24k2t2+32kt3 +16t%)

>0
64(289k2t2+140kt34+64k*+232k3t+20t*)(k+t)?

Thus, Firm 1's owner will delegate if Firm 2 doest delegate and symmetry implies that
the owner of Firm 2 will delegate if Firm 1 doed delegate. Thus, each firm has a
dominant strategy of delegation.

Note that the proof of proposition 6 i) follows nosubtracting Firm 1's profit in

case 2 from Firm 1's profit in case 1:

t2(16k5+127k*t+392k3t2+584k%t3+416kt*+112t5)
64(8k2+15kt+6t2)2(k+t)?

<0

Thus, the dominant strategy reduces profit.
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Appendix C:

1
2(8c2-7cd-16tc+2d%+8t2+7td)>?

P = (24c¢5 — 120tc* — 88c*d + 352c3dt +

114c3d? 4 240t%c3® — 528t%c?d — 342tc?d? — 240t3¢c? — 75¢%d3 +
26cd* + 150ctd? + 352c¢dt3 + 342cd?t? + 120t*c — 4d° — 75t%d3 —

26td* — 114t3d? — 88t*d — 24t5)

1

~ e Ted TeterzdErarE Tt (12¢® — 60tc* — 16¢*d + 64c3dt + 7c3d? +

nl =

120t?%c3 — 96t%c?d — 21tc?d? — 120t3¢c? — c?d?® + 2ctd?® + 64cdt® +

21cd?t? + 60t*c — 12t5 — t2d3 — 7t3d? — 16t*d)
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Fig.1. Spatial price discrimination in duopoly competition

¥ o

tl1

Note The thick line is the delivered price scheduléhwm;the profit
earned on the difference betweersthedule and the delivered cost.
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Fig.2. Spatial price discrimination with quadratic prodantcost

r

k(1- x*)+tL;

kx"+tl1




Fig.3. Spatial price discrimination with firms
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Fig.4. Spatial price discrimination in duopoly competition
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Note: The delivered price schedule is depicted by thekthines andr; is Firmi’s
profit earned on the difference between the prateedule and the delivered cost.



Fig.5. Social welfare and the distance fee licensing
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welfare without licensing. ii) Inelastic demand ilieg that social welfare is the
willingness to pay” minus the real resources spent on transportation.



Fig.6. Equilibrium distance fee and socially optimal dita fee
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Note:d’ represents the equilibrium distance fee dhdepresents the socially optimal

distance fee.
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Fig.7. Representation of proposition 15
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Table 1.Payoffs from the basic model
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Firm 2
Delegation No Delegation
Firm 1 Delegation 130 .139 2, .12
No Delegation AR & .188, .188




Table 2.Equilibrium results with and without delegation en@lastic demand
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87
72
56
39
21
03
83

t Q= a, Li=1-1, Ty = T, SW
D ND D ND D ND D ND
0.1 | 0.968 1.0 0.338] 0.253 0.013 0.018 0.486 0.4
0.2 | 0.938 1.0 | 0.342] 0.259 0.024 0.033 0471 04
0.3 | 0.911 1.0 | 0.348] 0.26)] 0.034 0.046 0455 0.4
0.4 | 0.885 10| 0353 0269 0041 0.046 0438 0.4
0.5 | 0.861 1.0 0.359| 0.27d 0.048 0.045 0.422 04
0.6 | 0.838 1.0 0.365| 0.274 0.052 0.072 0.404 0.4
0.7 | 0.817 1.0 0372 0.284 0.056 0.016 0.387 0.3
0.8 | 0.797 1.0 0379 0.289 0.058 0.0719 0.3Y0 0.3

Note D stands for “delegation” andD stands for “no delegation”.

64



Table Equilibrium locations for odd numbers of firms
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n Locations Social Cost Gap
3 Ll = i, LZ = l, L3 = L 0.2427
10 2 10
5 leg,Lzzg’L3:%’L4:§,L5:§ 0.2795
1 11 1 17 3 23
7 Ll__a’ Lz—;.Ls_g'l«;:;Ls 28’L6_Z'L7:E 0.2912
3 1 13 2 1 3 27 4 17
9 L= ly=g Ly =, la=Cls =5 Le= Ly =0, lg = Lo = 7 0.2945
7 1 1 23 1 31 2 13 5 47
11 L1—5—.L2Zg'L3=1_'L4—§'L5_54’L6=§'L7_;ill8=§'L9=E'L1o—"L11_§ 0.2950

Note: The Social Cost Gap is the difference in sociat tetween the consistent
conjecture equilibrium and the Nash equilibriumided by the social cost of the

consistent conjecture equilibriunm.— number of firms




Table Z£quilibrium locations for even numbers of firms
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n Locations Social Cost
Gap

2 Ly=5Ly=; 0.5

4 L1=—,L2=L3=§,L4=— 0.2497
6 L=t ly=Ly=2L,=2Lg=2Lg=1 0.2898
8 L=t ly=Ly=2Ly=1 L= Le=70L; =7, Lg=1 0.3208
10 Li=tly=ly=1,Ly = Lg =2 Lo =12l =2 Lg=2,Lg =2 Lip =1 0.3388
12| Li=rly=ly=—Ly=2Ls =1 Le=ot,Ly =20, Lg = 20, Lo = 1, Lyg = oo, Lyy = 10, Lyp = = 0.3491

Note The Social Cost Gap is the difference in soaskt detween the consistent
conjecture equilibrium and the Nash equilibriumidéd by the social cost of the
consistent conjecture equilibriunm.— number of firms




Table 5.Locations and distance fee licensing
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c Locations
(LY", 13 sy, 18) (L1,13)
0.1t (0.263, 0.763) (0.256, 0.765) (0.253,0.759)
0.2t (0.278, 0.778) (0.265, 0.782) (0.258,0.770)
0.2 (0.294, 0.794) (0.276, 0.799) (0.266,0.784)
0.4t (0.313, 0.813) (0.290, 0.818) (0.277,0.801)
0.5 (0.333, 0.833) (0.308, 0.840) (0.292,0.821)
0.6t (0.357, 0.857) (0.330, 0.863) (0.314,0.846)
0.7 (0.385, 0.885) (0.357, 0.890) (0.343,0.876)
0.8 (0.417, 0.917) (0.392, 0.920) (0.382,0.911)
0.9 (0.455, 0.955) (0.438, 0.956) (0.433,0.953)

Note:i) LVt is Firmi’s location associated without licensirg, is Firmi’s location with
the equilibrium distance fee, aﬂ@*is Firmi’s location given the socially optimal

distance fee. ii) The illustration makes clear ##t > L9 > 14" andL¢ > [Nt > 14




Table 6. Transport costs with and without distance fee lsoegp
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¢ rctt TCY TC?
0.1t 0.11a 0.113 0.112
0.2 0.11% 0.102 0.10%
0.3 0.103 0.091 0.089
0.4 0.094 0.081 0.078
0.5 0.083 0.071 0.068
0.6 0.071 0.061 0.058
0.7 0.058 0.049 0.041
0.8 0.042 0.031 0.03@
0.9 0.023 0.021 0.020

Note:i) TCM* is the transport cost without Iicensiﬂmd' is the transport cost with the

equilibrium distance fee, afftC?" is the transport cost given the socially optimal
distance fee. ii) Inelastic demand implies thaiaogelfare is the willingness to pdy

minus the real resources spent on transportation.
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Endnotes

! Applications include mergers (Gonzélez-Maestre ladyez-Cufiat 2001), mixed
oligopolies (Barros 1995) and capital investmertiglens (Baiman and Rajan 1995).

2 We note that an uncovered market occurs in spatiieé discrimination only when the
firms' transport costs no longer constrain pricngl so there is no competition or need to
discriminate.

3 Qutside the spatial context, researchers havedzemesl partial delegation at both earlier
and at later stages of multi-stage games (GautigiPaolini 2007; Moner — Colonques et
al. 2004; Tomaru et al. 2011).

* The only way a manager could increase outputérptiting stage is to price below its
own delivered cost to the rival’'s customers. Relgaslof the pricing response of the
rival, this can never imply a profit gain to theganal owner. Moreover, managers will
not deviate from spatial price discrimination ilelgated the ability to reduce byhe
delivered pricing schedule in the final stage. Thllows because managers can always
gain market share with a smaller profit loss bynghiag location rather than by lowering
the price schedule. Contact the authors for thisatestration.

® This point is easily seen from either managers &irder condition. For example,

al om
L _—q 1

3tL, |, tl,
== L2

2 2

+(1—a)2 =g, (— ) +82%) — . Here the profit loss
associated with moving toward the center grows Wit any given increase in output as

Ly=1-Lyand;<L; <.
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® One of the advantages of spatial models is thatrbyiding an additional dimension to
problems they can modify or reverse predictionst &recent example using spatial
price discrimination see Heywood and Ye (2011).

” In general the first-mover advantage can be fdbere are high costs for observing the
leading firm’s choice (Vardy 2004), or if the act®of the leader and the follower are
strategic complements (Gal-Or 1985).

8 Mathematically, returning (14) and (15) to (1)lgiethe leader’s profityr;, as a

. . . a 2(1-
function of the incentive parametef5* = (5a30;1)
1 1

20:>a1:1.

® From (15) it can be checked th%égE >0fora, <aj.

19 A proof analogous to that for Proposition 1 isikalde from the authors.

» Equating the delivered prices from the two firdas* + t(x* — L;) = k(1 —x*) +

_ * * k+t(L1+L2)
t(L, —x*) = x"= TR

kt(13k+18t)
(tk2+16Kk2+30kt+4t2k+12t2+4t3)(t+3)

2Subtracting (9) from (23) yielc >0 fork = 0.

13 Thus airline flights between city pairs differ dgparture time from early morning to
late evening, the editorial policies of newspaffer from liberal left to conservative
right, and breakfast cereals differ in their sugamtent.

14 A somewhat different approach to establishingepdenjectures is outlined by Norman
(1989).

15 Indeed, even without invoking the symmetric losatassumption we will show that
when the linear case is thought of as the limdedreasing convexity, the two firms can

be shown to collocate at the middle.
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® Equating the delivered prices from the two firmswk solving forx*as follows:

. . B s s w_ k+t(L1+L3)
k' +t(x" = Ly) = k(1 —x") +t(Ly —x7) = x'= — 2=

" The other two roots yield consistent conjectuhes imply two of the three firms locate
at the same place and even if we locate the timme bptimally (given the relationship
between them), they have higher social cost thanitfplied by the locations in (77).

¥ Firms 2 and 3 co-locate and earn no profit.

9 The derivations of the consistent conjecturestionaquilibria for the larger odd
values ofn are available upon request.

20 \We recognize that we are presenting a case witll sleviations from Nash but our
objective is to identify how substantial those @éans remain even in such a case. The
full set of roots and potential locations becomewieldy asn increases. Yet, the fact
that they all involve at least one case of collmratiemonstrates that they are all less
efficient than Nash.

21 The derivations of the consistent conjecturestionaquilibria for the larger even
values ofn are available upon request.

22 Equating the delivered prices from the two firm@:, — x*)= (t — c)(x* — L;) =

* —L1t+L1C—tL2
—2t+c

23 While solving the constraint faryields two roots, only one returns locations within
the unit market.
24 While the expressions are complicated, this detnatisn is available upon request.

250y 2(t—c)2d*+21(t—c)3d3+72(t—c)*d?+96d(t—c)5+40(t—c)° <0
ad (2d2+7d(t—c)+8(t—c)?)3 .
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. 2c2-2cd—4tc+2t2+2td+d?
26 Returningl? = andL) =
8c2—7cd—16tc+2d2+8t2+7td

2(3c?-3cd—6tc+3t%+3td+d?) D
> —— toTC
8c4—7cd—16tc+2d=+8t<+7td

and minimizing with respect yieldsd=0.

27TCNL—TCd1 th— t(t—C) _ tc

= > 0 whereTCNt represents the total transport
8 4(2t—-c) 8(2t—c)

cost without licensing anfiC?! represents the total transport cost with one $ieesold.
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