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PARTIAL VS. FULL DELEGATION WITHIN A SPATIAL GAME

Several trends of industrial organization are emphasized in this paper: strategic delegation,
R&D spillovers and product differentiation. The authors distinguish between two kinds of delega-
tion: partial and full delegation, in the context of both spillovers and product differentiation
endogenously determined by firms. By studying the delegation impact on location, R& D investment
and price decisions, it is demonstrated that: 1) partial delegation encourages one firm to locate far-
ther from the rival, while full delegation induces owners to choose a closer location pattern; 2) par-
tial delegation stimulates firms' own spending on R& D and fosters firms to produce higher quality
goods as compared to full delegation; 3) partial delegation renders managers less aggressive and
let managers fix a higher price than full delegation.
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1. Introduction

Conventional wisdom suggests that internal organization has profound effects on
firm's productivity, efficiency and growth. Many contributions have exploited the field
of the relationship between organizational design and its effects on firms' performance.
Over the past two decades, there has been a growing interest in the link between dele-
gation and R&D activities. However, the choice of different types of delegation in this
context has received little attention. What kind of delegation is more conducive to
technological advancement and firm's growth? How does the downstream product
competition influence the managerial contracts and the incentive for upstream R&D?
How do owners choose different types of managerial incentives and how does this
affect market outcomes? Whether the delegation strategy can improve the consumer
surplus and social welfare, and which one serves best? This paper attempts to address
these questions by studying the location — R&D — price framework.

Delegation introduced by Schelling (1960) has received great attention in the
industrial organization literature. Earlier theoretical work on delegation has shown
that firms have a unilateral incentive to delegate tasks to independent agents. Vickers
(1985), Fershtman and Judd (1987), Sklivas (1987), Fershtman, Judd and Kalai
(1991) show that in a two-stage Cournot quantity game, owners have incentives to
delegate short-run decisions to their managers, and in equilibrium there are higher
outputs than in the classic Cournot game. This early work, nevertheless neglects the
fact that there is another category of decisions which should be taken into consider-
ation, regarding the long-term plans of the firm, such as R&D. Zhang and Zhang
(1997) were the first to introduce the model which combines strategic delegation with
R&D in the presence of spillovers. They consider a three-stage game, where owners
delegate decisions on R&D investments and production quantities to managers.
Barcena-Ruiz and Olaizola (2006), Mitrokostas and Petrakis (2005) demonstrate in
a similar setup under which circumstances it is optimal to delegate either only short-
run (output) decisions, or R&D investments as well to managers. Unlike Zhang and
Zhang (1997), they exclude spillover effects and apply a different characterization of
the R&D investment. Little work has yet been done to analyze the effects in a differ-
entiated price competition setting with delegation, particularly when spillover effects
on product qualities (or costs) are explicitly modelled.

The notion of spillovers has been formalized by d’Aspremont and Jacquemin
(1988) as well as by Kamien, Muller and Zang (1992) in the context of oligopolistic
competition. Spillovers are considered as "manna from heaven" (Kamien, Zang,
2000). They assume that a fixed and exogenously given portion of every firm's process
R&D effort leaks and contributes to cost reduction or quality enhancement for other
firms. Recently the study of spillovers is divided into two main avenues: "impact
spillovers" and "endogenous spillovers". The former highlights that spillovers are affect-
ed by different kinds of factors, such as absorptive capacity (Cohen, Levinthal, 1990),
ex-ante adaptability and ex post information sharing (Katsoulacos, Ulph, 1998). The
latter emphasizes that there is a closer relationship between product differentiation and
spillovers, particularly in a spatial game (Piga, Poyago-Theotoky, 2005 (hereafter
PPT); Dey, Fu, 2009). Our framework chooses the "endogenous spillover" avenue in
order to gain some insights into the interdependence of ownership structure, firm's
location pattern, product variety, product quality and market competition.
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Concerning managerial contracts, we adopt the incentive contracts which con-
sist of a combination of profits and market share. Much anecdotal evidence about the
importance of market share motives emerged in business press and management lit-
erature. A classic example is Jack Welch's "General Electric", which publicly
announced that its key objective is to be #1 at all the markets in which it operates
(Welch, 2003). Another example relates to media industries, where market share in
terms of listeners (radio stations), readers (newspaper dailies) and viewers (TV chan-
nels) is the key to success. Moreover, from the empirical viewpoint, Peck (1988) men-
tions that market share is highly ranked in managers' objectives. All these arguments
induce us to explore delegation game with market share contracts.

The contribution of this paper is three-fold. First, we extend the strategic del-
egation game by introducing endogenous spillovers. This enables a study on how
delegation structure affects firms' location, R&D as well as their price decisions in
the context of both spillovers and product differentiation endogenously deter-
mined. The second contribution is that we distinguish between two kinds of delega-
tion: partial delegation, in which firms' owners delegate only short-run decisions to
their managers; full delegation, in which owners delegate both short-run and long-
run decisions. The third contribution is to draw on two major types of product dif-
ferentiation.

Both empirical evidence and various examples can be used to illustrate partial
and full delegations. It is shown that owners tend to delegate only short-run decisions
to their managers, while they prefer to preserve control over long-run decisions, in
some companies. For instance, the owners of BMW are very much involved in firm
management (in its long-run decisions), at the same time they delegate short-run
decisions such as marketing plans to the managers of subsidiaries. Additional evi-
dence is given by "Microsoft", where Bill Gates plays a dominant role in long-term
strategic decisions of the firm. By contrast, in some firms top managers take both
long-run and short-run decisions. This is the case of "Kraft", one of America's best-
known brand names in food products (Boyd, 1990).

This paper not only explores the issue of whether owners choose strategic com-
mitment to achieve gains from delegation, but also answers to question what type of
delegation they prefer to adopt. We analyze the incentive contracts that owners
choose for their managers focusing on how owners may strategically manipulate such
contracts and their effect on the degree of product differentiation and the level of
spillovers. Furthermore, the analysis of consumer surplus and social welfare is taken
into account. By this work, we are able to investigate whether delegation policies ben-
efit consumers and give rise to a higher level of social welfare.

The reminder of the paper is organized as follows. Section 2 describes the model
and Section 3 explores the equilibrium in 3 alternative scenarios. In Section 4, we
derive our main results. Then, Section 5 presents the analysis in terms of welfare.
Some brief concluding remarks are offered in Section 6.

2. The model

Consider a linear city along the unit interval [0; 7], where consumers are uni-
formly distributed along the interval. Firm i is allowed to locate at y;”[0, 7] and can-
not change their locations in the future. Marginal costs of production ¢ are assumed
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to be constant and identical for both firms. In what follows, we set ¢ = 0 to simplify
the analysis. Firms undertake R&D efforts in order to improve the quality of their
product, and the R&D investment engaged by one firm may benefit the other firm at
no cost via spillover effect. As a result of the spillover, a non-negative portion A”[0, 7]
of the rival firm j' R&D input contributes to firm /'s effective R&D. Firm /'s effective
R&D effort X; can be represented as a function of both firms' R&D efforts X; = x; + Ax;.
The parameter A is the spillover measure indicating the level of leakage or appropri-
ability, which is related to firms' locations (product configurations or characteristics).
It is assumed that the greater is the distance between two firms, the more differenti-
ated are the firms' products, the less are the R&D spillovers. Define A = 1 - y; + y;
which is at the maximum when firms share the same location (y; = y;) and will be the
minimum value when firms are located at market endpoints (y; = 0; y; = 7). In addi-

tion, there are diminishing returns to quality-improving R&D, the costs of R&D are
given by (yx?)/2, where yis the measure of R&D effectiveness?.

Assume each firm has a principal (i.e. owner, board of directors, shareholder)
and an agent (i.e. manager, CEQO). Principals wish to maximize profits but delegate
decision-making to agents, who receive strategic incentive contracts and maximize
their compensation. Concretely, owner i wants to maximize firm's profit
7T = p,D; - (y/2)x? and has the option to hire a manager to make short-run price
and/or long-run R&D investment decisions.

The manager's objective function at the product market places weight on both
profits and market share U; = 17 + §(D;/(D; + D;)), where the weight 6 is a number
chosen by owner i in order to maximize profit. Notice that there is no constraint for
6. Compensation contracts are publicly observable and have the form A; + B,U,, where
A; represents his fixed salary, B;U; equals a performance-related bonus with B; > 0.
Since manager / is risk-neutral, he acts to maximize U; and the values of A; and B; are
irrelevant. It is worth while to note that D; is not only the quantity supplied by firm i
but also the market share of firm i/ because the total demand (D; + D) is normalized
to 1. Therefore, the manager's objective function can be rewritten as U; = 17 + 6D,.

The timing of the game is as follows:

I. Owners choose the location simultaneously.

II. Owners either decide on R&D effort or delegate this decision to managers,
in which case owners choose a contractual parameter 8; delegation at this stage also
implies delegation of price decisions at the next stage.

II1. Owners can decide to delegate price decision or retain it for themselves.

IV. Decision-makers (owners or managers) simultaneously decide on a price.

Notice that contracts cannot be renegotiated and they become common knowl-
edge once they are signed. Overall, owners have 3 alternative strategies: no delegation,
partial delegation and full delegation. The first is that in which no decision is dele-
gated to managers; the second refers to the case in which owners delegate only short-
run price decisions to their managers; and the third one is related to the case where
owners delegate both short-run price and long-run R&D investment decisions.

2 As y increases, the expenditure required for a firm to obtain a given quality increases.
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As shown in PPT (2005), suppose a consumer located at s”[0, 1], who decides
to buy one unit from firm /i, receives a utility v + X; - pi - {(s - y;)?, if this consumer

purchases the product from the firm located at a point y; and pays a price p;. Note that

t”(t,t) refers to an index® of the transportation cost per unit, it indicates the degree of
consumer heterogeneity. The basic reservation utility v > 0 is sufficiently large so that
market is fully covered. The effective R&D X; is transformed into consumer's value so
that v + X; is the highest price a consumer would pay for the product, on the other
hand, X; can be in effect interpreted as quality enhancement which differs the prod-
ucts vertically. This vertical differentiation is endogenously determined by firm's loca-
tions chosen by owners and R&D efforts chosen by either owners or managers.
Furthermore, the firm's locations also represent the characteristics of products. The
distance between the two firms determines the extent of spillover. Thereby, the posi-
tions of firms not only horizontally reflect product's characteristics and vertically
affect the product's quality, but also mirror the degree of spillovers.

3. Equilibrium and analysis

In this section, we solve for the equilibrium of the multi-stage game by backward
induction. We first define the demands for the two firms. The surplus from purchas-
ing a unit from firm i to a consumer located at s, is v - p; - (S - y;)? + X;, and the sur-
plus for buying from firm jis v - p; - {(s - y;)? + X;. By determining the consumer who
is indifferent between the two firms, we can derive the respective demands addressed
to firm 7 and firm j.
D=g= (pj _pi)_(Xj = X;) +Yj Y . D, =1—8=1—(p/ _pi)_(Xj - X;) _Y/ +Yy;

’ 2t(y; -y, 2 ! 2t(y; -y, 2

3.1. No delegation (benchmark case)

Price stage

The profit functions for firm j and firm j are given by

m =p,D;-ix?, m =p,D, -Lx? (1)

Owners simultaneously and independently decide the price to maximize their
profits. From the first order conditions (henceforth "FOC") we obtain the equilibri-
um prices:

=%D<,-—X,+t<y,—y,-><2+y,-+y,-)] p,=%D<,—X,-+t<y,—y,-><4—y,-—y,-)] )

R&D (quality) stage
We now explore firms' equilibrium R&D decisions at this stage, with a given
location profile (y; ;). After taking FOCs we obtain the equilibrium R&D efforts.

_ly;- y,)[3tv(2+y, +y;)=2(y; -y, )]

vjory - 2y, y,)J 3
X = y/% 4 y/ 2(y1_y/)] ()
I 3ylty-2(y, -v,)]

Location stage
We obtain the following equilibrium:
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4-12ty- 27t2y2+9ty,/3ty(2+3ty

Yi=
4(2+3ty) @
_4+24ty+ 2712y —9ty,/3ty(2 + 3ty)
Vi 4(2+3ty)

By making use of (4), we can compute the equilibrium levels for all the other rel-
evant variables. These values are shown in Table 1.

Table 1. Equilibrium values under no delegation
Equilibrium values No delegation (superscript “N”)

2+ 3ty 2
R&D investment x, _x M

2(2+3ty)

. N _ N _ 3tylsroty /aty2+3ty -3ty2+9y)
Quality Xi =X = 21y(2+3ty) [+ 3ty+{ 3ty(2+31y)

Price p — P, 9t y|2+3tv  3ty(2+3ty) |

2(2+3ty)

Profit T[f\’ :T[JN =_oty

4(2+3ty)

Source: Authors.

3.2. Partial delegation

Price decisions are delegated to managers, while owners decide themselves
the quality-improving R&D investments. Thus, after the locational decisions are
made, owners decide on their R&D efforts, and then set the incentive schemes for
their managers. Finally, managers compete by setting the prices. The equilibrium
R&D efforts, managerial contracts, prices, qualities and profits are shown in

Table 2.

Table 2. Equilibrium values under partial delegation

Equilibrium values Partial delegation (superscript “P”)
Locati yp 16" -5ty|i6 +25ty - 5,/5ty(4 +519 | y _16+ 514 +25ty- 5/54(4 +5ty)|
ocation i 8(4 + 5ty) and ' 8(4+ 5ty)
; P _,P — 5tvE+5tv-) 5tv(4+5tv)|
R&D investment X; x AT
. P_ yP— [vzsty—4), 5ty(4+5ty)+161\/—5t2\/2(6+25ty)]
Quality X; X NEEH)
P op = BPy|Erasn-(asy)]
Contract 6_ = G_ = T
) _ _ 25t v[4+5ty) -/5ty( 4+5ty)]
Price pl. = p AR
. 25¢2
Profit T[,P T[P mYm

Source: Authors.

3.3. Full delegation

In this scenario, owners delegate both long-run R&D decisions and short-run
price decisions to managers. Accordingly, owners first of all choose firms' positions,
and then decide the incentive schemes to maximize profits. Managers take charge of
R&D and price decisions on owner's behalf. The equilibrium levels for all the other
relevant variables are shown in Table 3.
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Table 3. Equilibrium values under full delegation

Equilibrium values Full delegation (superscript “F”)
Locati F_140- 9tyk9+18ty \/121+36ty(14+9ty)] y,=140+9tyk9+1BN—,/121+36ty(14+9ty)]
ocation Yi 20014+ 9ty) and 20(14 +3ty)
L F_ JF _ 3ty[3(13+6ty)— 121+36ty(14+9!v)]
R&D investment X; =X; = 20y(14491y)
XF —XF _ 3tvL121+36M14+9ty)(16212y2+261tv 140)- 2916t3y3—6966t2\/2 ~1359ty+54 6|
Quality 50y(9ty+14)°

ep _ GF _ 9t2yl/121+36ty(14+9ty 3(13+6ty) Jk1/12*ﬂ-36ty(14+9tv) 8- 9th
;=0

Contract 5001 20ty 2
Price p _ p ﬁszzf —tyJ121+36ty(14+9ty) +39N]E712y2+ J121+36ty(14+9ty) +31tv]
/ 25y 9ty+14)?
. 9t2y 1,/121+36ty(14+9ty)+27++252ty
Profit Tl}c T[F E 2001 49172 ]

Source: Authors.

4. Results

By using the outcomes established in the previous section, we compare 3 alter-
native delegation strategies in terms of firm's location, R&D spillovers, product qual-
ity, market price and profit.

4.1. Firm’s location

Each owner chooses the firm's location before conducting R&D activity and
marketing products decided personally, or by a manager. The impact of location con-
figuration decision is twofold: on the one hand, it determines the extent of product
(horizontal) differentiation; on the other hand, location choice affects the ability of
the firm to obtain beneficial R&D spillovers. Specifically, distinctly differentiated
products restrict R&D spillovers, while more homogeneous products allow firms take
advantage of more information flows.

Result 1. 0<y? <yN <yl <;<y1 <y1 <yf <1

The firms' equilibrium location pattern balances the trade-off they face between
the benefit from softened price competition by furthering product differentiation and
the benefit from softened R&D competition by reducing differentiation. We find that
the distance between firms in full delegation case is closer than the one in no delega-
tion case. As the benefits from the rival's R&D effort prevail over the gains from weak-
ening price competition, within full delegation, therefore, owners always have more
incentive to position their products closer to each other.

We also find that partial delegation strategy encourages one firm to locate farther
from the rival. In particular, firms could locate at the two respective extremities of
market that generates the minimal spillover effect when transportation rate is equal to
the upper bound. It is worth noting this phenomenon corresponds to the remark of
Kamien and Zang (2000) who state that firms choose firm-specific R&D approach-
es to offset exogenous spillovers. In addition, it is clear that firms never share the same
place which gives rise to maximal spillovers.

As the extent of spillovers depends on firms' locations, more precisely, the dis-
tance between competing firms, it is straightforward to derive:
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N F P
Result 2. 1>N >A\V >\ >0 and O>£>ﬂ>ﬂ
ot ot ot

The extent of spillover is the decreasing function of transportation cost.
Therefore, geographical and researchful isolation is preferred when firms are protect-
ed by higher transport costs. Firms want to locate as far as possible from each other
to relax price competition. On the other hand, locational proximity benefits firms,
because they can learn more from each other's quality-enhancing R&D. It is the
interplay between these two forces that influences the spillover effect: the centrifugal
force that leads firms to locate apart and the centripetal force that induces them to
locate at a proximity to benefit from spillovers. The lower is the transportation cost,
the closer to each other firms locate and the more they benefit from each other's
R&D. It is clear that traditional centrifugal force that would make firms locate as far
away as possible from each other is partly offset by the centripetal force that induces
them to locate closer.

In equilibrium, compared to the benchmark case, full delegation strategy gener-
ates higher R&D spillovers, whereas, partial delegation strategy leads to lower
spillovers. When owners delegate short-term price decisions, the spillover rate func-
tion is the most sensitive, firms have the most incentives to locate separately follow-
ing an augmentation of transport cost. In full delegation, owners have less incentives
to position firms far away compared to partial delegation, because gains from the
closer location pattern within full delegation are greater than that within partial del-
egation, this effect reduces the tendency to separate.

4.2. Research and development effort

Result 3. x°>x">x">0

Partial delegation strengthens firms' incentives for product differentiation and
propels firms to further segregate the market. On the contrary, full delegation encour-
ages firms to position closely in order to reduce product heterogeneity and to rein-
force R&D sharing. Thus, delegation influences the choice of firm's location, in turn,
affects R&D spillovers, and will indirectly (no and partial delegation) or directly (full
delegation) effect on R&D investment. Partial delegation has firms located further
away from each other, thereupon decreases firms' knowledge spillovers, which weak-
ens firms' incentives to free-ride on each other and forces firms to step up their indi-
vidual R&D efforts. In full delegation, firms are located closer, two opposite effects
come into play sharply. Lower level of differentiation forces firms charge lower prices,
while diluted R&D competition leads to less R&D investment. Evidently, firms with
full delegation spend less on R&D due to sufficiently "large" spillover effect, while
firms with partial delegation have to spend more on R&D because of "small" spillover
effect.

4.3. Quality

Result 4. X > XN > X >0

Two factors affect the quality index "X": the one is the spillover effect which is
endogenously characterized by owners' locational decisions; the other one is the
R&D efforts of two competing firms, chosen by owners under no and partial delega-
tion, particularly chosen by managers under full delegation. Obviously, the former
factor is completely controlled by owners, however, the latter one could be deter-
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mined by managers. Product quality is higher if owners control both factors, while
quality is lower if managers decide on the R&D factor. Furthermore, combined with
Result 1, we deduce that from the perspective of product differentiation, partial del-
egation generates higher product variety and higher product quality, by contrast, full
delegation leads to lower variety and lower quality.

4.4. Incentive scheme

Result 5. @ < &

Under partial delegation, the incentive contract 8, just affects the subsequent

price decision, higher value of 6 gives rise to a lower price p;, because manager tends

to put more stress on the market share. The rival firm j moves far away from the mar-
ket center to escape tougher competition resulting from the higher value of 8. Since
the strategy is complementarity, on anticipating this fact, each owner will set a lower
incentive scheme parameter to mitigate the subsequent price competition.

Under full delegation, the incentive contract 6, plays an important role not only
at the price stage but also at the R&D stage. Higher value of incentive parameter leads
to lower price p; and stronger R&D effort X;, because manager tends to attach more

importance to market share. This lower price p; and stronger R&D effort X; will influ-

ence owners' location choices. Two firms tend to move far away towards the endpoint
of market to soften the price competition, but they expect they can benefit more
R&D effort exerted by his rival from closer locations. Due to these two conflicting
effects, owners will decide a higher value of incentive scheme 67 (compared to 67) by
anticipating the aforementioned fact.
4.5. Price
p”>p"2p" >0 tO(tt]

Result 6. p® >pf=p">0 tO(,H]

F=0.31018-

Partial delegation generates t}\lle highest level of price. The reason is two-fold:
first, weakening of price competition because of large distance between firms; on the
other hand, due to weak spillover extent, firm benefits less from its rival's R&D effort
so that the firm has to invest more on R&D. Since R&D effort is costly, managers
ought to increase price in order to compensate for excessive spending. Consequently,
price is the highest under partial delegation scenario.

The ambiguous relationship between p" and p is caused by two conflicting effects:
one is that, following an increase of distance between firms, price competition becomes
soft, the decreasing spillover weakens the R&D free-ride and forces firms carry on more
individual R&D efforts. The softened price competition and costly R&D efforts boost
the equilibrium price. Thus, the price is reduced by the decreasing distance between
firms. The other one is the effect of delegation which renders managers less aggressive,
increases the price due to negative value of incentive parameter. Precisely, the increase
of transportation cost generates the diminution of incentive parameter value, in turn,
strengthens this delegation effect. From the equilibrium location under no delegation
to the one under full delegation, the distance between competing firms is shortened,
accordingly, the former effect diminishes the price but the latter has the price increased.
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When transportation cost is sufficiently large, the delegation effect will prevail over the
aggregate influences of softened price competition and costly R&D efforts, thus, the
equilibrium price under full delegation can be higher.

4.6. Profit

Result 7. > > >0

First, we focus on the inequality 7€ > 7f. Owners, by using an incentive contract
strategically, direct their managers to a less aggressive behavior in order to soften price
competition and increase product price. Since the value of incentive scheme under
partial delegation is lower than that under full delegation (Result 5), the equilibrium
price in partial delegation case will be higher (Result 6). When owners delegate long-
run R&D decisions to their managers, they spur them to enhance product quality, in
other words, to conduct more effective R&D efforts realized by two channels: more
investment and closer location. A firm decides to draw a rival closer in order to ben-
efit more via spillovers at no cost (Result 1) instead of investing more on own R&D
(Result 3), thus firms economize the cost on R&D. Nevertheless, the gains from the
rise of price caused by partial delegation are much higher than the gains from econo-
mizing the cost of R&D under full delegation. Consequently, the partial delegation
strategy is always more profitable compared to full delegation.

Although the equilibrium price under full delegation is not always higher than
price in the benchmark case (Result 6), managerial firms in full delegation are more
profitable than entrepreneurial firms on all occasions. This is because the gains from
full delegation largely in the form of free-ride effect on R&D, prevail over the losses
from intensified price competition. What firms economize in terms of R&D invest-
ment sufficiently compensates the losses from lower price due to furious price com-
petition. Thus, the full delegation strategy is more profitable than no delegation.

5. Consumer surplus and social welfare

Partial delegation is the most profitable strategy. We reflect on the analytic out-
comes of the rest of important economic indicators and investigate whether such a
strategy may also increase consumer surplus or social welfare. It is thus interesting to
compare the equilibrium ownership structure with socially most preferred ownership
structure, in order to establish the correspondence between social and private incen-
tives for strategic delegation.

Let "CS" denote consumer surplus* and "W" represent social welfare. Consumer
surplus and social welfare are given by

CS=[,'v=p,~tly =y,)* +X,Jy + [, V=p, ~tly, ~y)* + X, Idy

W= (v =ty ~y,)? ~1x?ly + [, [V =t(y, =) =1 x?dy
We highlight the composition of CS and W for different scenarios in Appendix A.
Result 8. CS" > CSF > CS? and WN > WF > WP
Combined with the analysis in terms of profits (Result 7), we demonstrate that
delegation schemes are profitable for firms, however they are never beneficial to con-
sumers. Full delegation is an efficient strategy generating the highest level of social
welfare. In partial delegation case, high price certainly leads to the decrease of con-
sumer surplus and aggregate surplus, in spite of high product quality.

* The effective R&D "Xi" is transformed into consumer's value, that is interpreted as quality (enhancement).
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When owners direct managers to make short-run price decisions, this type of
delegation will increase product variety (horizontal differentiation), foster firms to
spend more on R&D, encourage firms to produce high-quality goods and render
manager be less aggressive, hence increase prices and profits. Because of the high level
of horizontal differentiation, to some extent that firm would be less likely to conduct
research in common areas and owners adopt firm-specific R&D investment. This
spending on R&D generates less synergy and results in vast R&D costs.
Consequently, both consumer surplus and social welfare decrease, and they are infe-
rior to standard levels (no delegation). This is the sharp conflict between private prof-
its and collective gains under partial delegation.

On the contrary, under full delegation owners choose a closer location pattern.
The impact of owners' locational decisions is two-fold: first, it determines lower hor-
izontal differentiation; second, it reflects the high level of spillover. A high level of
spillover causes firms to free-ride on their rivals' R&D, and erodes their incentive to
conduct competitive R&D. Thus, firms have less interest to improve product quality.
It is detrimental to consumer surplus on the one hand, while being propitious to firms
on the other. Lower level of horizontal differentiation forces firms to face intensified
price competition so that firms cut down prices. This benefits consumers on a large
scale, and then enhance social welfare. We highlight that full delegation is a more effi-
cient strategy, which not only brings on the profits but improves social welfare as well.

6. Concluding remarks

This framework focuses on the issue of strategic delegation in the presence of
both endogenous product differentiation and endogenous R&D spillovers. This
model provides important implications for the real practice of delegation. Within this
framework, linear combination of firm's profit and its market share is regarded as
managers' objectives, and owners decide the firm's location pattern and whether to
delegate the tasks or not.

The existing literature on strategic delegation with R&D considers that firm's
owners alternative decisions are either full delegation, or no delegation. We introduce
the scenario "partial delegation" where firms' owners delegate short-run decisions and
retain long-run decisions themselves. Our analysis shows that partial delegation
encourages one firm to locate farther from the rival and firms could locate at the two
respective extremities of the market. Partial delegation increases product differentia-
tion, fosters firms spend more on R&D, encourages firms to produce high-quality
goods and renders managers be less aggressive, hence increases prices and profits.
However, both consumer surplus and social welfare decrease. On the contrary, full
delegation can improve social welfare, and it is more profitable than no delegation.

In addition, there are several possible extensions we find worth pursuing, e.g., (1)
whether the obtained outcomes are verified in oligopoly game, (2) different costs of
carrying out R&D affect the benefits of delegation, (3) the effect of different perform-
ance measures (relative profit, output, sales etc.) can be studied in this framework.
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Appendix A
No delegation:

V(E(=3Y(t (-8 Ttyy/3ty(3ty +2) +243ty(ty +2) + 92 ~24v) + 405tyy/3ty(3ty +2)
oS - +140) +48v) - 721y, 3ty(3ty + 2)

24y(3ty+2

1(54ty+[3ty(3ty +2) — y(3t(y(-81ty+[3ty(3ty +2) +27t(y(9ty +2) +2) - 16)

W = +18) +271yy/31(3ty +2) +4)) .
24y(3ty+2)

Partial delegation:
Y(t(=5Y(t(—375ty./5ty(5ty + 4) + 75ty(25ty + 64) +1568) —96UL)
cSP = +4050ty,/5ty(5ty +4) +1888) + 384v) — 480ty./5ty(5ty +4)

96y(5ty + 4)
—9375t*y* +2t(y(—75ty,/5ty(5ty + 4) + 2400y —16) + 300ty,/5ty(5ty + 4)
WP = —3000¢° (y+ 1)y +5t2y(y(375ty+/5ty(5ty + 4) +112) —240) + 384uy
96y(5ty+4)

Full delegation:

3(~4374t%° —19440t"y* —280tyy/3241%y? + 504ty +121
+91%y° (271yy/3241%y? + 504ty +121-3778)) +19600vy

100y(9ty +14)>
1(9ty(89 Ttyy 3241%y + 504ty +121 +2700uy - 12379)
O 2889ty,/324t2y? +504ty+121+75600Uy +93380)
300y(9ty +14)?
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— 4861%y3241%y? + 504ty +121 +9451y,/3241%y + 504ty +121
+22167t +4900)

300y(9ty +14)?

Ccs’ =
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