SSOAR

Open Access Repository

Simultaneous inter- and intra-group conflicts

Munster, Johannes

Verdffentlichungsversion / Published Version
Arbeitspapier / working paper

Zur Verfiigung gestellt in Kooperation mit / provided in cooperation with:

SSG Sozialwissenschaften, USB Kéln

Empfohlene Zitierung / Suggested Citation:

Minster, J. (2005). Simultaneous inter- and intra-group conflicts. (Discussion Papers / Wissenschaftszentrum Berlin fiir
Sozialforschung, Forschungsschwerpunkt Markt und politische Okonomie, Abteilung Marktprozesse und Steuerung,
2005-08). Berlin: Wissenschaftszentrum Berlin fir Sozialforschung gGmbH. https://nbn-resolving.org/urn:nbn:de:0168-

ssoar-192713

Nutzungsbedingungen:

Dieser Text wird unter einer Deposit-Lizenz (Keine
Weiterverbreitung - keine Bearbeitung) zur Verfigung gestellt.
Gewéhrt wird ein nicht exklusives, nicht (Ubertragbares,
persénliches und beschrénktes Recht auf Nutzung dieses
Dokuments.  Dieses Dokument ist ausschlieSlich  fiir
den persénlichen, nicht-kommerziellen Gebrauch bestimmt.
Auf sémtlichen Kopien dieses Dokuments missen alle
Urheberrechtshinweise und sonstigen Hinweise auf gesetzlichen
Schutz beibehalten werden. Sie dlrfen dieses Dokument
nicht in irgendeiner Weise abéndern, noch dirfen Sie
dieses Dokument fiir &ffentliche oder kommerzielle Zwecke
vervielféltigen, offentlich ausstellen, auffiihren, vertreiben oder
anderweitig nutzen.

Mit der Verwendung dieses Dokuments erkennen Sie die
Nutzungsbedingungen an.

gesIs

Leibniz-Institut
fiir Sozialwissenschaften

Terms of use:

This document is made available under Deposit Licence (No
Redistribution - no modifications). We grant a non-exclusive, non-
transferable, individual and limited right to using this document.
This document is solely intended for your personal, non-
commercial use. All of the copies of this documents must retain
all copyright information and other information regarding legal
protection. You are not allowed to alter this document in any
way, to copy it for public or commercial purposes, to exhibit the
document in public, to perform, distribute or otherwise use the
document in public.

By using this particular document, you accept the above-stated
conditions of use.

Mitglied der

Leibniz-Gemeinschaft ;‘


http://www.ssoar.info
https://nbn-resolving.org/urn:nbn:de:0168-ssoar-192713
https://nbn-resolving.org/urn:nbn:de:0168-ssoar-192713

WISSENSCHAFTSZENTRUM BERLIN
FUR SOZIALFORSCHUNG

SOCIAL SCIENCE RESEARCH
CENTER BERLIN

Johannes Minster

Simultaneous Inter- and Intra-Group Conflicts

SP 11 2005 - 08

April 2005

ISSN Nr. 0722 — 6748

Research Area Forschungsschwerpunkt
Markets and Political Economy Markt und politische Okonomie
Research Unit Abteilung

Market Processes and Governance Marktprozesse und Steuerung



Zitierweise/Citation:

Johannes Miinster, Simultaneous Inter- and Intra-Group
Conflicts, Discussion Paper SP 11 2005 — 08,
Wissenschaftszentrum Berlin, 2005.

Wissenschaftszentrum Berlin fir Sozialforschung gGmbH,
Reichpietschufer 50, 10785 Berlin, Germany, Tel. (030) 254 91 -0
Internet: www.wz-berlin.de




ABSTRACT

Simultaneous Inter- and Intra-Group Conflicts

by Johannes Minster *

This paper models the trade-off between production and appropriation in the
presence of simultaneous inter- and intra-group conflicts. The model exhibits a
'‘group cohesion effect: if the contest between the groups becomes more
decisive, or contractual incompleteness between groups becomes more
serious, the players devote fewer resources to the intra-group conflict.
Moreover, there is also a 'reversed group cohesion effect': if the intra-group
contests become less decisive, or contractual incompleteness within groups
becomes less serious, the players devote more resources to the inter-group
contest. The model also sheds new light on normative questions. | derive exact
conditions for when dividing individuals in more groups leads to more productive
and less appropriative activities. Furthermore, | show that there is an optimal
size of the organization which is determined by a trade-off between increasing
returns to scale in production and increasing costs of appropriative activities.

Keywords: Conflict, rent-seeking, federalism, hierarchy
JEL Classification: D72, D74, H11, H74

* | want to thank Paul Heidhues, Thomas Kittsteiner, Kai A. Konrad, Dan Kovenock, Klaas
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ZUSAMMENFASSUNG

Simultane Konflikte innerhalb und zwischen Gruppen

Dieser Aufsatz modelliert den Trade-Off zwischen Produktion und Aneignung in
Situationen, die sowohl von Konflikten innerhalb von Gruppen, als auch von
Konflikten zwischen den Gruppen gekennzeichnet sind. Das Modell beleuchtet
einen Gruppen-Kohasions-Effekt: Wenn der Wettkampf zwischen Gruppen
scharfer wird, oder Probleme unvollstandiger Vertrdge zwischen Gruppen
zunehmen, dann wenden die Spieler weniger Ressourcen in den internen
Konflikten auf. AuRerdem gibt es auch einen umgekehrten Gruppen-Kohasions-
Effekt: Werden die Wettkdmpfe innerhalb der Gruppen weniger scharf, oder
Probleme unvollstandiger Vertrage innerhalb der Gruppen weniger gravierend,
dann verwenden die Spieler mehr Energie auf den Wettkampf zwischen den
Gruppen. Der Aufsatz wirft auch ein neues Licht auf normative Fragen der opti-
malen Gestaltung von Organisationen. Ich leite eine exakte Bedingung her,
unter der eine Aufteilung der Individuen in mehr Gruppen zu mehr produktiven
Anstrengungen und weniger Aneignungsaktivitaten fuhrt. Au3erdem zeige ich,
dass es eine optimale Grol3e von Organisationen gibt, die durch simultane inter-
und intra- Gruppen Konflikte gekennzeichnet sind. Die optimale Grof3e be-
stimmt sich durch einen Trade-Off zwischen steigenden Skalenertragen in der
Produktion einerseits und zunehmenden Aneignungsaktivitaten andererseits.



1 Introduction

Vilfredo Pareto famously remarked that men utilize their efforts in two differ-
ent ways: to produce economic goods, or to appropriate goods produced by
others.! The corresponding trade off between productive and appropriative
activities has been studied extensively in the recent literature on endogenous
property rights (for a survey, see Skaperdas 2003).

Appropriative activities take place at different levels. For example, within
the EU, the member countries compete for subsidies. At the same time, there
is a contest over the allocation of subsidies within the countries. Or, within
a firm, several departments compete for resources, and in addition there is
a contest about the allocation of resources within the departments. The
common structure is that there are appropriative conflicts between certain
groups (states, departments, etc.), and appropriative conflicts within these
groups. The aim of this paper is to provide a model of situations like these.
What determines the amount of conflict within groups and between groups,
respectively? And what is the optimal design of an organization (be it a
federal state or a firm), taking into account that organizational structure has
an effect on appropriative activities?

In order to study these questions, I set up a model which is related to
the conflict models of Hirshleifer (1988, 2001) and Skaperdas (1992). These
models are motivated by some kind of contractual incompleteness which leads
to the absence of well defined and enforced property rights. Thus, individ-
uals can engage into appropriative activities and face a trade-off between
production and appropriation. The novel feature of my model is that I ex-
plicitly study simultaneous inter- and intra-group conflicts. Individuals are
partitioned in groups, and utilize their resources in three different ways: for
production, for appropriation in a contest between groups, and for appropri-
ation in a contest within their own group. The contractual incompleteness
problems may be different between groups and within groups. I model this in
a stylized way, taking contractual incompleteness as an exogenous parame-
ter, and being agnostic as to whether it is smaller or greater between groups
or within groups. Moreover, the technology of conflict (see Hirshleifer 1991)
may be different in the intra-group contest from that in the inter-group con-
test, since these contests are usually fought with different instruments. Again
I model this by a parameterization, taking an agnostic point of view about
which of the contests is the more decisive.

Situations of inter-group conflict have long been studied in the social sci-
ences, especially in sociology, psychology, and anthropology. One seemingly

11971 (1927), Chapter VIII, §17, p. 341.



robust finding is that inter-group competition leads to increased cohesive-
ness within a group (see Fisher 1990, chapter 4, for a survey). My model
provides an economic explanation of this ‘group cohesion effect’: if the inter-
group conflict becomes more decisive, or more is at stake in this conflict, then
intra-group rent-seeking declines. Moreover, there is also a ‘reversed group
cohesion effect’: if the intra-group contest becomes less decisive, or contrac-
tual incompleteness problems within groups less severe, then appropriative
activities in the inter-group contest increase.

In addition, my paper has normative implications concerning the optimal
design of organizations. In this respect, it is related to a series of papers
by Karl Wirneryd and coauthors. They point out that, while traditionally
it has been thought that rent-seeking activities will increase if an organi-
zation acquires more layers in a hierarchy, such multitiered structures can
actually reduce the costs of appropriative activities. For example, Wirn-
eryd claims that “the institutional framework of federalism, such as that
of the EU may be seen as an efficient response (...) to rent-seeking activi-
ties, since it lowers the dead weight losses from such activities” (Wérneryd
1998, 436). Other applications include the allocation of free cash flow inside
organizations (Inderst, Miiller and Wirneryd 2002), and distributional con-
flict between shareholders of corporations (Miiller and Wirneryd 2001). The
analysis in these papers rests on three key assumptions. First, it is assumed
that there is a temporal order in which the contests take place: the inter-
group contest is fought first, and only when it is resolved, do the intra-group
contests begin.? Here, while deciding how much to spend on the contest
between groups, an individual will anticipate that if his group gets a bigger
share, his fellow group members will fight harder in the following intra-group
contest. This dampens incentives to engage into appropriative activities be-
tween groups in the first stage. This is an important reason behind the result
of Wirneryd. In many real world examples, however, it seems as natural to
assume that the distributional conflicts take place simultaneously. I study
this case. Then the effect described above is not present, and this changes
the results. Second, Wirneryd models the contests in a way which follows
the literature on rent-seeking started by Tullock (1980): he uses a partial
equilibrium approach where the size of the contested rent is exogenous, and

2There are several other papers that study this kind of two stage contest game. The
earliest paper I am aware of is Katz and Tokatlidu (1996). Stein and Rapoport (2004) study
asymmetries and the reversed order of timing where the intra-group contest comes first and
the inter-group contest second. Konrad (2004) considers a perfectly discriminating contest
and heterogeneous contestants. Garfinkel (2004) explores the endogenous formation of
groups when there is conflict both within and between groups. However, none of these
papers studies simultaneous inter- and intra-group conflicts.



does not depend on the amount of rent-seeking. This is realistic in some
contexts, but less so in others, where the allocation decision of the play-
ers are likely to have a discernible impact on the size of the contested rent.
Hence a general equilibrium approach, in the spirit of the conflict models of
Hirshleifer (1988, 2001) and Skaperdas (1992) might be appropriate, since
in these models output is endogenous. Wirneryd himself pointed out that
explicitly modelling the trade-off between production and appropriation is
an fruitful direction for further research (1998, p. 448; see Neary 1997 for a
comparison of rent-seeking and conflict models). Third, Warneryd assumes
that the technology of conflict is the same in the intra-group contest as in
the inter-group contests. He relies on axiomatic foundations of contest tech-
nologies given by Skaperdas (1996), which can be generalized for inter-group
contests. However, the axioms pin down the functional form of the contest
success functions only up to a parameter, known as the decisiveness of the
contest, which is a major influence on the marginal benefits of rent-seeking
activities. As argued above, since inter- and intra-group contests are often
fought with different “weapons”, they may differ in their decisiveness. More-
over, the contractual problems that lead to rent-seeking activities might be
more or less severe within groups than between groups.

I study the trade off between production and appropriation in a general
equilibrium conflict model, where there are simultaneous inter- and intra-
group conflicts, taking into account possible differences in the technology of
conflict. For comparison I also study a partial equilibrium rent-seeking model
(with simultaneous inter- and intra-group contests and possibly different con-
test technologies).®> My normative findings are as follows. First, consider the
optimal number of groups for a given number of players. Whether splitting
up individuals into (more) groups leads to more or less rent-seeking depends
on the difference between the nature of the inter-group conflict and that of
the inter-group conflict. If these conflicts are equally decisive, and the con-
tractual problems are equally severe, the amount of rent-seeking does not
depend on the number of groups. If the conflict is more decisive between the
groups than within groups, and if the degree of contractual incompleteness
is higher between the groups than within groups, then a flat structure where
all individuals belong to one group is optimal. And vice versa: if the intra-
group conflict is sharper, then one should split up the individuals in as many
groups as possible. These findings contrast starkly with the results in the

3In addition to the papers discussed above, this is also related to Nitzan (1991), who
studied rent-seeking between groups. The main difference is that in Nitzan (1991) there is
no intra-group rent-seeking and the distribution of rents both within groups and between
groups depends on the inter-group rent-seeking efforts. For an excellent survey of rent-
seeking theory, see Nitzan (1994).



literature discussed above. The difference is due to the different assumption
on the timing of the conflicts. Thus, these results show the importance of the
simultaneity assumption. Second, I show that there is an optimal size of the
organization which is determined by a trade-off between increasing returns
to scale in production on the one hand, and increasing costs of conflict on
the other.

The paper proceeds as follows. The model of simultaneous inter- and
intra-group conflicts is laid out in section 2. Section 3 derives the basic
predictions of the model. Section 4 considers the question of optimal design.
Section 5 discusses extensions of the basic model to different production
technologies, conflict technologies, and unequal group size. Section 6 gives
a comparison with a partial equilibrium rent-seeking model of simultaneous
inter- and intra-group conflicts. Section 7 concludes.

2 The model

There are n identical individuals and G groups of equal size m = n/G. Each
individual is endowed with one unit of time and has three choice variables:
productive effort e;4, intra-group rent-seeking effort z;,, and inter-group rent-
seeking effort y;,. The first subscript refers to the individual, the second to
the group he is a member of. The budget constraints are given by

€ig + Tig + Yig = 1

foralli=1,...mandallg=1,..,G.
For simplicity, I assume that output is given by the constant elasticity
production function

c m h
g=1 i=1

The parameter h > 0 determines returns to scale: if ~ > 1 we have increasing
returns to scale, if h = 1 constant, and if h < 1 decreasing returns to scale.
Equation (1) assumes that the complementarities within the organizations
are independent of the number of groups. This seems a natural benchmark
for studying the effects of the number and size of groups from a rent-seeking
perspective.

The output is distributed among the groups. Denote the share that goes
to group ¢ by p,. Hence group g gets p,q. This amount is distributed within
the group; player ¢ gets the share r;,. Thus the payoff of player ¢ in group g
is

Uig = PgTigq-

4



Let us first turn to the allocation of output within groups. It depends on
the intra-group rent-seeking activities. I will assume that

So 4 (1—n) L, i Y20 >0
Tig = { 25, +1( ks 1 2 xig ’ (2)

-, if >, x5, =0.
Here, v € [0, 1] is a measure of the contractual incompleteness within groups:
one part (1 — ) of the group’s share is allocated by a simple equal division
rule, and the other part () is allocated according to the intra-group rent-

seeking activities.
The specific functional form of the intra-group contest success function,

a

Zj x?g 7
has been used widely in the literature. There is an axiomatic foundation
by Skaperdas (1996). The parameter a describes the decisiveness of the
intra-group contest. If a — 0, rent-seeking effort has little influence on the
division of the gains, whereas if a — o0, tiny differences in rent-seeking effort
are decisive.

The allocation of output to groups depends on the inter-group rent-
seeking efforts. Group k gets the fraction

Zj ik ’ . b
, 5'2(—(;@/-) o (1-9) 1y, (Zj ng) >0,
k fry g 7 939

é’ if Zg (Z] ng>b =0,

of the output. Here 6 € [0, 1] is a parameter that measures how important
rent-seeking activities are in the inter-group contest. It measures the con-
tractual incompleteness between the groups. As in the intra-group contest, in
the inter-group contest only a part (J) is allocated according to rent-seeking
activities. Contractual incompleteness problems may be more or less severe
between groups than within groups. Hence § may be bigger or smaller than

Y.

(3)

The specific functional form of the inter-group contest success function,
b
() u)
b

can be given an axiomatic foundation in close analogy to Skaperdas (1996)
foundation of intra-group contest success function, with the additional as-
sumption that rent-seeking efforts of a group are aggregated efficiently and



hence the contest success function depends only on the sum of the rent seek-
ing efforts.* Here, the parameter b describes the decisiveness of the contest
between the groups. It may, or may not, be equal to the decisiveness of the
contest within the groups a. Since contests between groups are usually fought
with instruments different from those in contests between groups, they might
well have a different decisiveness.’

Note that two pairs of parameters describe the different layers of conflict:
the decisiveness parameters a and b, and the parameters v and 0 that indicate
the importance of rent-seeking. I will assume that 0 < a <1 and 0 <b < 1.
The assumption that a and b are positive means that the a player’s share
of the output increases in his rent-seeking activities. The upper bounds are
imposed to make the model tractable. As we will see, they are sufficient to
make all the optimization problems well behaved. Let me point out that,
if v = § = 1, no upper bounds on a and b are necessary. In this case one
can easily find the equilibria even if @ — oo and b — oo (this is the case of
discontinuous contest success functions, as in all pay auctions) (see section
5.2).

3 The group cohesion effect

Using the budget constraints to express wu; as a function of rent-seeking
efforts alone, we can write

Uik = PkTik (Z Z (1 -5 — ng)) : (4)

I show in appendix Al that the log of w; is strictly concave in (g, yix) -
Hence any critical point of Inu;; is a strict global maximum. Since the log
is a strictly monotone function, it follows that any critical point of u;, is a
strict global maximum, too. This means that we can solve the maximization
problem of an individual by looking at the first order conditions. We will
ignore the non-negativity constraints temporarily, and check afterwards that
all the constraints hold.

Differentiating equation (4) with respect to y;; and setting the result equal

1See Miinster (2005) for an axiomatization of group contest success functions.

5To give an analogy, consider chess and backgammon. These games are certainly
governed by different contest success functions, since luck plays a much more important
role in backgammon.



to zero, we get

gg;q = prh (; ; (1—xy— ng)> . (5)

In a symmetric equilibrium, all individuals choose the same allocation of their
budget: y;; = y and z;, = x for all ¢ and ¢g. Conjecturing that a symmetric
equilibrium exists, we get

(G—=1)bdm (1 —z—y) = (my)h

Differentiating equation (4) with respect to x;;, and setting the result equal
to zero yields

h—1
8Tik
s (S0 m ) ©
! 9 J
In a symmetric equilibrium,
(m—1)ayG(l -z —vy) =zh
Solving, we finally get (recall n = mG)

by (G —1)
ay(n—G)+bd(G—-1)+h

(7)

y =
and
B ay(n — Q)
Cay(n—G)+b5(G—-1)+h’
Note that 0 <z < 1 and 0 < y < 1. Productive effort per person equals

(8)

h
-G 10 (G -1 +h

0. (9)

This is positive, therefore no constraint is violated. We can conclude that a
symmetric equilibrium does in fact exist.

However, the equilibrium is not unique. The first order conditions pin
down only the total amount of inter-group rent-seeking done by a group,
and the total amount of productive effort put in by the group’s members.
How the members of the group coordinate in supplying productive and inter-
group rent-seeking effort is not determined. The following lemma sums up
this discussion.



Lemma 1 There is a continuum of equilibria, where

a) all contestants choose the same intra-group rent-seeking effort x given in
equation (8),

b) for all groups g, the total amount of inter-group rent-seeking chosen by g’s
members equals

Z Yig = MY (10)

where y is given in equation (7),
c) for all groups g, the total amount of productive effort of the members of

group g equals

Z eig = me, (11)
where e is given in equation (9),
d) the utility of an individual is

“:ﬁ<”m(n—c;)+f;5(a—1)+h)h'

(12)

Proof. Parts a, b, and ¢ follow from the discussion above; part d follows
by inserting equilibrium choices into the utility function. =

In these equilibria, the average amount of inter-group rent-seeking is y
given in equations (7) above. Similarly, e given in equation (9) is the av-
erage amount of productive effort. We will make use of this in some of the
comparative static exercises below.

What determines the allocation of effort to production and inter- and
intra-group rent-seeking? The following proposition studies the influence of
the technology of conflict, contractual incompleteness, and the production
technology.

Proposition 1 a) If the contest between the groups becomes more decisive
(i.e. b increases) and/or contractual incompleteness between groups becomes
more serious (i.e. ¢ increases), then rent-seeking within groups and produc-
tive effort decline, while inter-group rent-seeking increases.

b) If the intra-group contests become more decisive (i.e. a increases) and/or
contractual incompleteness within groups becomes more serious (i.e. 7y in-
creases), then rent-seeking between groups and productive effort decline, while
intra-group rent-seeking increases.

c) An increase in the returns to scale in production h increases productive
effort, and decreases rent-seeking both within and between groups.



Proof. a) From equations (7)- (11) it is obvious that as db increases, x
and ), e;, decrease, while ) . y;, increases.

b) Again from equations (7)- (11), if ya increases, ), y,, and ) . e;,
decrease, while x increases.

c) Differentiate equations (7)- (11) to get

Ox ay(n—G) -
oh (ay(n—G)+b5(G—1)+h)?
d o bd (G —1)
%<Zy) R e R s

agh <Z€ig> _ m( ay(n—G)+ (G —1)bd 0.
- ay(n—G)+bd(G—1)+h)
]

Part a) says that an increase in the contractual incompleteness between
groups, or an increase in the decisiveness of the inter-group contest, leads
to less intra-group rent-seeking. This is reminiscent of the “group cohesion
effect” documented in psychology and anthropology: increased competition
between groups leads to more cohesion within the groups. In the model,
we can interpret more competition between groups as an increase in 6 and/
or v, and more cohesion as lower x. In the model a group cohesion effect
arises by individual, noncooperative utility maximization, without any need
for centralized leadership of the group. An increase in § means that more is
at stake in the conflict between groups, and leads to less intra-group hostility.
Further, an increase in b means that the inter-group contest gets more deci-
sive, and leads to less intra-group hostility, too. The intuition is simply that
the marginal benefit of inter-group rent-seeking activities is proportional to
b and 4. Hence an increase in b and 0 makes more inter-group rent-seeking
mor attractive compared to intra-group rent-seeking and production.

Sometimes a reverse of the group cohesion effect is postulated as well:
“heightened in-group cohesion is itself a condition for out-group hostility”
(Fisher 1990, p. 68).° As part b) of the proposition shows, this effect holds
in the model studied here, too. A lower decisiveness a of the intra-group
contest success technology leads to more inter-group conflict. Also, a decrease
in v - which means that the group is more ‘egalitarian’ and the distribution
within the group is less dependent on rent-seeking - leads to more conflict
between groups.

SHowever, empirically the existence of such an effect is much more in doubt than the
original cohesion effect, see Fisher (1990).



Part c¢) of proposition 1 says that an increase in h leads to more productive
effort, and less rent-seeking. This is due to the fact that the marginal benefit
of working productively is proportional to h. Usually, an increase in h will
increase utility. Utility can decline only if the sum of all productive efforts
is smaller than one. In this range, an increase in h corresponds to a decrease
in productivity, and may lead to lower equilibrium utility.

4 The optimal number and size of the groups

The next exercise is to describe the influence of the number and size of the
groups on equilibrium behavior.

Proposition 2 a) For a given number of individuals n, productive effort
increases in the number of groups G if, and only if, 0b < ~ya. Intra-group rent-
seeking effort x declines in G, and average inter-group rent-seeking effort y
mcreases.

b) Increasing the size m of the groups while holding constant their number G
results in an unambiguous decrease in average productive effort and average
inter-group rent-seeking, while it increases intra-group rent-seeking.

¢) Increasing the number of groups G while holding constant the size m of
the groups leads to a decline in productive effort and an increase in inter-
group rent-seeking. The effect on the intra-group conflict depends on the
parameters: it increases if, and only if, h > bJ.

Proof. a) By differentiating equation (9) we find that

Oe ay — b0 -
- |n:const = h 2 - 0
oG (@y(n =G+ (G =D +h)" | <
if, and only if,
>
ay{ = pbo.
<
Further, we get
895’ = —a IS -
BlE n=const 7(@’)/ (n — G) + bd (G - 1) + h)2 ,
oy ay(n—1)+h
= |n:const = b5 ’
G (a7 (n = G) +b3(G—1) + 1)

10



b) Use n = Gm to eliminate n in equations (9), (8), and (7):

h
T GGm-D+w(G -1 +h
. ayG (m —1)
ayG(m—1)4+b6 (G—1)+h
. b6 (G — 1)

ayG(m—1)+b6 (G—1)+h

Obviously, e and y decrease in m for a given GG, whereas z increases.
¢) Suppose G increases while m is constant. Clearly, e goes down, while
y goes up. Further,

h —bd
(ayG (m — 1)+ b6 (G — 1) + h)*’

ox
@ |m:const. - (m - 1) CW

hence x increases if, and only if, h > b). m

Now we can turn to the normative implications of the model. The aim is
to understand what a rent-seeking perspective can contribute to the question
of an optimal design of an organization that is ridden by simultaneous inter-
and intra-group conflict. Especially, what are the optimal number and size
of groups? That is, which m and G maximize equilibrium utility as given in
equation (12) above?

As noted in the introduction, there is a discussion in the literature on
the effect of additional levels of hierarchy in an organization on rent-seeking
activities. The message of the present model is that the different technolo-
gies of conflict, and the amount of contractual incompleteness, are of the
paramount importance.

Proposition 3 If ay < bd, then a flat structure where all individuals belong
to the same group is optimal. On the other hand, if ay > b, then one should
split the individuals up in as many groups as possible.

Proof. This maximizes productive effort by proposition 2 above. Output
depends by assumption only on the sum of the individual productive efforts,
and not directly on the number of groups. Each individual gets the share
1/n of the output. Hence the result follows. m

Having studied the optimal number of groups, I turn now to the question
of optimal group size. Consider first the case that ay < bd. Here, we have

11



seen that having only one group is optimal. Setting G = 1 in equation (12)

we get
1 h "
R ncw(n—l)—i—h '

Maximizing this over n (ignoring integer constraints for convenience) leads
to an optimal size of the organization which is given by

h—1-—ay

n* |a7<b6 =1+h
ay

Several features are worth noting. First, the production technology must
exhibit sufficiently increasing returns to scale for it to be worthwhile forming
a partnership. If h < 14 av, the optimal ‘organization’ consists of only
one person. Second, the optimal size is increasing in returns to scale in
production h, decreasing in the decisiveness of the contest a, and decreasing
in the severity of contractual incompleteness ~.

We have here a trade of between increasing returns and rent-seeking. If
h > 1 production exhibits increasing returns to scale. Therefore it would be
optimal to have as many people as possible working together, if one could
distribute the gains without rent-seeking activities (formally, as ay — 0,
n* — 00). But if the output is distributed by rent-seeking, the optimal size
of the partnership is limited by the increasing rent-seeking cost. An increase
in the number of individuals leads to unambiguously lower productive effort
per person.

A similar analysis applies for the case ay > bd. Here, it is optimal to have
G = n, and the optimal size of the organization is

h—1-—0bd

N |ayste =1+ h 0

In the remaining case where ay = b, the number of groups plays no role
for welfare, and the optimal size of the organization is given by either of the
equations above. The following proposition sums up the findings concerning
the optimal size of the organization.

Proposition 4 There exists an optimal size of the organization which is
determined by a trade off between increasing returns to scale in production
on the one hand and increasing costs of conflict on the other. The optimal size
increases in the returns-to-scale parameter h. It decreases in the decisiveness
of the contest and in the amount of contractual incompleteness.
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5 Extensions: production technology, contest
technology, unequal group size, and leisure

5.1 A more general production technology

As a robustness check I generalize the model by considering a more general

production function
q=f (Z 61) . (13)

I assume that f is strictly increasing and twice differentiable. In addition, I
will assume that the function f is ‘not too convex’. A sufficient condition is
that the log of f be concave. Given this assumption, the objective functions
of the players are log-concave, and we can rely on first order conditions in
order to characterize equilibria.

After imposing symmetry the first order conditions boil down to

(G- 1) fn(—z—y)
G fn(i—z_y) (14)

my = ob

and

m—1f(n(1—-z—y))
m fr(n(l—z—y))

Since f is log-concave by assumption, the right hand sides of the previous

equations are decreasing in x and y. Hence the equations determine x and y

uniquely.

(15)

T ="a

The following proposition 1* generalizes proposition 1.

Proposition 1* Suppose that output is given in equation (13) and f is
log-concave.

a) If the contest between the groups becomes more decisive (i.e. b in-
creases) and/or contractual incompleteness between groups becomes more se-
rious (i.e. 0 increases), then rent-seeking within groups x and productive
effort e decline, while inter-group rent-seeking y increases.

b) If the intra-group contests become more decisive (i.e. a increases)
and/or contractual incompleteness within groups becomes more serious (i.e.
v increases), then rent-seeking between groups y and productive effort e
decline, while intra-group rent-seeking x increases.

Proof. As argued above, after imposing symmetry the first order condi-
tions imply equations (14) and (15). Define

5
P
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Note that ¢ (z) > 0, and ¢' (2) > 0 since f is assumed to be log-concave.
Total differentiation of equations (14) and (15) leads to

a
dy \ b
M ( & ) v |!
)

where

M| mt 5b%nq§' 5b%n¢'
yamT_lngb' 1+ yamT_lngb' ’
and

vo| 0 He 0 e
yEEe 0 amEe 0

(For brevity, I omit the arguments of the functions ¢ and ¢').
The determinant of the matrix M equals

mG + ¢'anGy (m — 1) + dbng’ (G — 1)

M| = 0
] - >
Now we can prove part a).
de,. 1 m—-1 ,(G-1)
%f—‘M”ya ne'o e ¢ < 0.
Moreover,
dy 1 (G-1) m—1
< = 1 _— .
7 ]M|6 e qb( +a - n¢)>0
Finally,
de de  dy
- — — ——|—— fr—
db db ~ db
1 (G-1)
—— 0.
e 0T
Similarly,
dx 1 m-1 ,(G-1)
— = - b
do o, e o<,
dy 1 (G-1) -1,
A 1
75 |M|b G <b< +va ne | >0,
de 1 (G-1)



Part b).

dx 1 G-1) ,\ m-—1
b 5b n=-
da | M| (m—i— G Wb)V m ¢>0,
dy 1 G—-1 , m—1
de 1
Similarly,
dx 1 (G-1) ,\ m-—1
— = — 0b 0
. i (m—l— e n¢)a - ¢ >0,
dy 1 G—-1 m—1
= = ———0b—-n¢
- R e ne a - » <0,
de 1
— = ———a(m—1)¢ <.
a Y
|

Thus, the comparative statics given in proposition 1 above holds true also
with the more general production technology considered here, except part c
concerning the productivity parameter h, which does not appear in (13). In
particular, both the group cohesion effect and the reversed group cohesion
effect still hold.

Summing over equations (14) and (15), it follows that the total amount
of rent-seeking

R:=n(y+x)

equals (use (m —1) /m = (n— Q) /n)

f(n—R)

R= (G 1) (0 —7a) +9a (1 = 1)) Fr— (16)

As above, the total amount of rent-seeking is increasing in the number of

groups if, and only if, b > ~ya. This can be seen easily from equation (16).

Since f is by assumption log-concave, the right hand side is decreasing in R.

Suppose db > va, and G increases. Then R has to increase in order that (16)

holds. Hence it is clear that the findings are not an artifact of the production
function (1) considered above.
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5.2 A very decisive contest technology

So far, the analysis was based on the assumption that ¢ < 1 and b < 1.
That is, the decisiveness of the contest success functions was assumed to
be bounded from above. Here I add some brief considerations on the case
where the contest technologies are very decisive. Then it is no longer clear
whether the first order conditions in fact do describe equilibria. However,
the benchmark case where v = § = 1 turns out to be easy to solve. Here the
objective functions are log-concave for all a, b € (0, 00) (see appendix). Hence
the analysis above holds without alteration for all a,b € (0, 00). We can use
this case to study a situation where the environment is very conflictual:
the whole output is distributed according to the appropriative activities,
and the contests are very decisive. For example, it is interesting to note
what happens in the limiting case a = b = oo. Here the contest success
functions are discontinuous: the group that puts in the most inter-group
rent-seeking effort gets the whole output, and, within groups, the player who
chooses the highest intra-group effort gets everything (in case of a tie the
groups or persons involved share equally). There is an equilibrium where
all players devote all their energy to inter-group rent-seeking (y;; = 1). In
this equilibrium, output and utility equals zero. No one has an incentive to
deviate, since then the inter-group rent-seeking efforts of his group would be
smaller than those of the other groups, and thus his group will get nothing.
Similarly, there is an equilibrium where all devote their energy solely to intra-
group rent-seeking (x;, = 1).

5.3 Unequal group size

When groups are of equal size, equilibrium utility is increasing in the number
of groups if, and only if, ay > bd. However, when the groups are of unequal
size, utility of the individuals also depends on the size of the groups. For
simplicity, I will concentrate on the case of G = 2 groups of different size.
Denote the number of individuals in group g by mg,. The objective function
of player i = 1,...,m, in group g = 1,2 can be written as

2 mp h
Uig = PyTig (Z d (1 -y - yjk))

k=1 j=1
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where

(7 )" (1-6)

pg = 0 b ;T 5
mi ma2
() + (72 we)
¢ 1 —
Tig = 7 m;g _ +< )
Zj:lxjg My

Define an interior equilibrium as an equilibrium where all decision vari-
ables are positive. The following remark assumes an interior equilibrium and
derives its properties; existence will be studied below.

Remark 1 In an interior equilibrium, both groups get the same share of the

output
1
P1r=Dp2 = 2
and the share of an indwidual © = 1,...,mg in group g = 1,2 equals
1
PgTig = 2_mg

Proof. In an interior equilibrium the first order condition % = 0 has
ig
to hold for g = 1,2 and ¢ =1, ..., m,. For group 1 this is

5 b (E}n:ll Z/ﬂ?b—l (E?fl yjz)bb 2
((Z}n:ll yjl) + (Z?fl yj2> )
_ |y <Z;::11 yjl) . (1 ; J) b (17)
<ZT£1 yﬂ) + (Z}nﬁl yj?)

Similarly, for group 2

5 b (E;njl Z/j22 (E;n:ll yjlz i (Z Z (1—xzj,— ng)>
((Z;n_ll yj1> + (Z;Tfl yjz) ) ,
(Z’" ) L a-9)
(Z;”:ll yj1> + (Z;n:z1 yj?)

17

(Z30e)

= |0

(18)



Dividing the equations, we get

s (Situn)’ )
m2 m m

> Y _ (= 1) +(S72 v52)” 2
2;21 Yi s (=2 yjz)b (1—6)

+
(7 wn) + (52 wi2)” 2

This is satisfied if and only if Y 7™, y;1 = > y;» since the left hand side
is increasing in Z;njl Yj2, while the right hand side is decreasing in Z;njl Yjo.
This shows that p; = py = 1/2.

The result that r;; = 1/m, can be derived in the same way from the first
order condition ZZ—Z = 0. I write it our for players 1 and 2 in group g, a
similar argument applies to the other players. For player 1, we have

a—1 a a
axy, > ., xl x L=~
Rl 3 M ) I R
(Zxa) g j Jji9 1

jig

For player 2,

azhy ' 320
(Zj x?&))

Divide the last two equations to get

1=z —vy0) | = | 7 — + h
2 Eg: zj: ig — Yig >t m

w(l
a—1 a =i+ 1—_7->
L1g 2#1 Lig _ (VZJ, Tjg m1

a—1 a zd
x PN 2g 1—
29 237&2 jg <72j 2 + — )

The left hand side is decreasing in x4, while the right hand side is increasing.
Thus, the equation holds if and only if 21, = z5,. ®

This result is related to the paradox of power studied by Hirshleifer (1992,
reprinted in 2001, chapter 3). Hirshleifer studies a conflict between two
players who are endowed with a different amount of resources. He shows
that the richer player does not necessarily get a higher equilibrium utility.
Similarly, in the case of conflict between two groups, the larger group does
not get a higher share of total output.

In contrast to the case of equal group size, an interior equilibrium where
all the choice variables are positive does not always exist. However, one
can show that a symmetric interior equilibrium exists if the technology is
sufficiently productive (h sufficiently large). Here I will focus on symmetric
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interior equilibria, where z;, = z, and y;, = y, for all ¢ = 1,...,m, in group
g=12.
Impose symmetry on equation (17) and use my; = mays from remark 1

to get
1_n—mizy — maoxe

Imposing symmetry on (19) gives us for group one
a(mp —1
’Y% (n —ma (z1+y1) — ma (¥2 + y2)) = hay (21)
1
Similarly, for group 2
a(mg — 1)
m—2 (n — my (33'1 + yl) — My (.%'2 + yg)) = hl’g (22)
Solving equations (20), (21), and (22) we find
(mg —1) ayn
= 0 23
s my (7a(n—2)+5b+h)> ’ (23)
n bo
= > 0. 24
Ya 2mgya(n —2) +0b+h (24)
Using the budget constraint, we get
_(n—2my) (2va — 6b) + 2myh (25)

o= 2my (ya(n —2) + b+ h)

If the technology is sufficiently productive, then e, > 0 for both groups
and no constraints are violated; hence equations (23), (24) and (25) describe
a symmetric interior equilibrium. The following remark makes this precise.

Remark 2 A symmetric interior equilibrium exists if and only if

n
h > <1 2mg> (2va — 0b) for g =1,2. (26)

In the case of equal group size, condition (26) holds trivially since h >
0. An easy example with unequal group size where existence is ensured is
va = 0b = h = 1. Here, ¢, = y;y = 1/ (2m,), z, = (m, — 1) /m,. However,
with unequal group size, there is no symmetric interior equilibrium if A is too
small: if h — 0, sgn (e;) = sgn ((n — 2my) (2ya — 6b)) , but this is negative
for at least one group. For the rest of this section, I will assume that (26)
holds.

Finally, we can turn to welfare considerations.
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Remark 3 If ay = bd, total output is the same when there are two groups
and when there is a unified organization (only one group). The members of
the smaller group prefer the situation with two groups, but members of the
bigger group would rather have a unified organization.

Proof. With two groups, output equals

h
. . nh
¢ = (m161+m2€2) = (ya(n— 1)+5b—’ya+h>

With one group (see lemma 1 in the main text), output equals

= (o ih1>+h)h

Clearly, ¢' > (=, <) ¢! if and only if 6b > (=, <) va.

If ay = b0, equilibrium utility with two groups equals

I 1 nh h
U, = :
Yo 2mg \ay(n—1)+h

Equilibrium utility with one group equals

uf_l nh "
W p\ay(n—1)+h)

Obviously, uj, >/, if and only if my < 4. m

To compare the two group case with a situation where all individuals
belong to only one group, remark 3 considers the case where ay = bd. Here,
output is the same irrespective of the number of groups. But its allocation
to the individuals differs. With only one group, each individual gets the
share 1/n. Hence, members of the smaller group prefer the situation with
two groups, but members of the bigger group would rather have a unified
organization. If ay # b, we have the additional effect that total output is
different between the two structures.

5.4 Leisure as a further choice variable

In this section I introduce a further choice variable, called ‘leisure’. The
purpose is to shed additional light on the group cohesion effect. We will
see that if leisure has constant marginal utility, then, assuming intererior
equilibria, there is no group cohesion effect in the model. The reason behind
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this is that an increase in b leads only to less leisure in equilibrium, but does
not change the incentives to engage in inter-group rent-seeking or production.
The budget constraint is now given by

1= Lig +yzg + €ig + lig

where [;4 is the amount of leisure consumed by player 7 in group g¢. In addition,
I assume that leisure gives some utility v (l;;) with ' > 0 and v” < 0, which
enters the objective function linearly and is not subject to appropriation by
rent-seeking. Thus,

Uig = PgTigq + v (lig)

I will assume that symmetric interior equilibria exist. This assumption im-
plicitly puts some restrictions on the parameters of the model. Set up the
Lagrangian

Lig (Tig, Yig, €ig, lig) = PgTigq + v (lig) + A (1 — Zig — yig — €ig — lig)

The first order conditions are

Z%Z = pgSZZq—AZO,

oL; 0

ayij - (95; gt = A =0

% = pgriga%lg —A=0,

% = V(L) —A=0 (27)

The first three lines can be written as

-1
Tig (Z#i ‘”?g)

bgya

b (Zs0) S <Zj;yjk>bmgq S

(Zk (Zj yjk)b) y
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Imposing symmetry, this implies

1 1Im-1

—~Na= = A 28
Rk — (28)
1 G-11

0b— —q = A 29
my G? mq (29)

1
—h(ne)"™" = A (30)

n
The special case where v (l) is a linear function, v (I) = kl for some

constant k, is a particularly interesting benchmark. Here, the shadow value
A of the resource is equal to k& and thus constant (see equation (27)). Thus,
equation (30) defines a unique value of the equilibrium effort as

1 (kn =
h
kn\ -1
- (5)

Plug this in equations (28) and (29) to find that
11 m—1 (kn\FT
TR e\

h
1,1 G-=11 (kn\*1
= —§h— — (P
Y k- my GQm(h)

Thus, total output is

Finally, the budget constraint determines the equilibrium value of leisure.

Note that here, x does not depend on db, and y does not depend on ~a.
Thus, the group cohesion effect does not hold in this model. An increase in
0b increases y, but only at the expense of leisure. Production and inter-group
rent-seeking stay constant.

However, this finding depends critically on the assumption that v” (1) = 0.
Suppose to the contrary that v” < 0. Again, an increase in §b will increase y
and decrease [. But with v” < 0 this implies that A is now larger, and thus z
and e will decrease, too.

6 Comparison with a rent-seeking model

Since most of the literature on inter- and intra-group conflict deals with rent-
seeking models, it is interesting to compare the model derived above with a
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rent-seeking model. Consider the following rent-seeking model. As above,
there are n individuals in G groups of equal size m = G/n. They compete
over some exogenously given prize of value v. Each individual simultaneously
chooses some inter-group rent-seeking effort y;, and some intra-group rent-
seeking effort x;,. There are no budget constraints. Rather, the costs of the
rent-seeking activities are given by a cost function ¢ (244, yiy) . I assume that
¢ (Tig, Yig) 1s strictly increasing and convex.

The payoft of individual ¢ in group ¢ is

Vig = PgTigV — Tig — Yig

where 7;, and p, are as given in equations (2) and (3) above.

There are two differences between the conflict model considered above
and this rent-seeking model. First, the conflict model is a general equilibrium
model, whereas the rent-seeking model assumes that the size of the contested
rent is constant and thus is a partial equilibrium model. Second, the costs of
the rent-seeking activities are modelled in a different way. In the rent-seeking
model the cost are captured by a cost function; in the conflict model the cost
are the opportunity cost of foregone production. Which of the two types of
models is more appropriate depends on the application one has in mind (see
Neary 1997 for a discussion).

For simplicity, I will only consider the case where a symmetric equilib-
rium exists. Contrary to the conflict model above, symmetric equilibria do
not always exist. This follows from Baye, Kovenock, and de Vries (1994)
who show this for the case of only one group. Mathematically, the difference
is due to the fact that Inw;, is concave and hence a critical point of u;, is
a maximum, whereas critical points of v;, are not always maxima. Implic-
itly, the assumption of a symmetric equilibrium imposes restrictions on the
parameters of the model.”

6.1 Linear cost function

The case of a linear cost function is of special interest, because it has been
used in most of the rent-seeking literature:

& (xigv yig) = Tigqg + Yig-

Note that with the linear cost function the marginal costs of the two rent
seeking activities are constant. This is an important difference to the conflict

"For example, suppose ay = b§ = 1 and G = 2. I show in appendix A3 that a symmetric
equilibrium exists if n = 4, but no symmetric equilibrium exists if n = 10.
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model above, where the costs are the opportunity costs of foregone produc-
tion, and hence the marginal costs are not constant.

In a symmetric equilibrium, it is clear that x and y must be positive.
Hence the derivative of v;, with respect to z;, and y;, has to be zero. Using
symmetry, these first order conditions boil down to

(m—lay (=G ay

YT T @'t e Y
(G-1)b5  (G-1)bs
YT T 2T e v

These equations show that neither the group cohesion effect, nor its con-
verse holds: z is independent of b and J, and y is independent of a and ~. As
we will see in the next subsection, this is due to the assumption that the mar-
ginal costs of = are independent of y, and vice versa the marginal cost of y are
independent of x. If we would consider a cost function with ag—gyc (x,y) >0
instead, there would be a group cohesion effect in the rent seeking model as
well. The case of a linear cost function where %c (x,y) = 0 corresponds to
the case of the conflict model with constant marginal utility of leisure.

The effect of dividing contestants into subgroups is qualitatively similar
in the rent-seeking and the conflict models. In the rent-seeking model with

a linear cost function, the total amount of rent-seeking equals

Tty = (n—G)cwn%;(G—l)bévl

Clearly, this is increasing in G if, and only if, ay < bd. Therefore, proposition
3 above holds in the rent-seeking model, too.

As noted in the introduction, Wérneryd (1998) argues that dividing the
contestants in groups leads to less rent-dissipation, although it induces an
additional layer of (inter-group) conflict. The model studied here differs from
Wirneryd’s in two respects. First, in Warneryd’s model the contest between
groups takes place first, and only when it is resolved do the contests within
groups start. Second, Wérneryd assumes that the contest technology is the
same in the intra- and inter-group contests. For a comparison, consider the
case where by = a~. If inter- and intra-group conflicts take place simultane-
ously, then total rent-seeking expenditure does not depend on G. Therefore,
it is mainly the sequential timing of choices that drives Wirneryd’s results.®
The intuition for this is clear. If the contests take place sequentially, an

8This corrects the claim that, in Wirneryd’s model, it is of no importance whether the
conflicts take place simultaneously or sequentially (see Wirneryd 1998, p. 444 footnote 7,
Miiller and Warneryd 2001 p. 531, who attribute this claim to a referee).
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individual will reason as follows while deciding how much to spend on the
contest between groups: if my group gets a bigger share, my fellow group
members will fight harder in the following intra-group contest. This damp-
ens incentives for inter-group rent-seeking. However, this effect is not present
in the case of simultaneous inter- and intra-group conflicts, where, in a Nash
equilibrium, each player takes the actions of the other players as given.

6.2 Cross effects in the cost function

The purpose of this subsection is to show that in the rent-seeking model
there is a group cohesion effect if the cost function has a positive cross-partial
derivative:
02
0xdy

I study the case of an increasing and convex cost function ¢ (x,y) . As above, I
assume existence of a symmetric equilibrium and derive its properties. Writ-
ing out the first order conditions and imposing symmetry gives us

c(z,y) > 0.

1 a(m-—1) B
EVWU — Cy (3:7 y) - 07

G?m?2y

where subscripts denote partial derivatives. Total differentiation of the first
order conditions gives us

L J(0)-[ BI0E) e

where
1 (m-—1)
A = ETU>O,
(G-1)
B = 2z v > 0.

Let D denote the determinant of the matrix on the left hand side of (31), i.

Aary Bbé 9
D= <? + sz) (7 + ny) — ny
where double subscripts denote second partial derivatives. Since we are by
assumption studying an equilibrium, the second order condition has to hold
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at (x,y), and thus D > 0. Using Cramer’s rule, we find that

dr_—_ l B—bé +c >0
d(ay) — D\y? )77
dy 1 [ Aavy
d(b9) D(SE2 e )>
Moreover,
dy dx Cay

d(ay)  d(0) D’
Thus, the group cohesion effect and the reversed group cohesion effect hold
in the rent seeking model if and only if the cost function has a positive cross
partial derivative ¢, > 0.

7 Conclusion

This paper studied the trade off between production and appropriation in
the presence of simultaneous inter- and intra-group conflicts. It gave an
economic model of the ‘group cohesion effect’: if the contest between groups
becomes more decisive, or the degree of contractual incompleteness between
groups increases, this leads to less conflict within groups. Moreover, in the
model there is also an ‘reversed group cohesion effect’: if the intra-group
contest becomes less decisive, or the degree of contractual incompleteness
within groups decreases, this leads to more inter-group conflict.

The model has two normative implications. First, whether a multitiered
structure with several groups leads to less rent-seeking activities depends
on the decisiveness of the inter- and intra-group contest success functions,
and on the amount of contractual incompleteness within groups and between
groups. If the inter-group contest is less decisive than the intra-group contest,
and contractual problems are less severe between groups than within groups,
a multi-tiered structure is beneficial - it leads to less rent-seeking and more
production. On the other hand, if the inter-group contest is more decisive,
and contractual problems are more severe between groups, a multi-tiered
structure leads to more rent-seeking.

Second, there is an optimal size of the organization which is determined by
a trade-off between increasing returns to scale in production and increasing
costs of rent-seeking.
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A Appendix

A.1 Utility is log-concave if 0 <a <l and 0 <b <1

From equation (4), we get

(2211 yjk>b N (1—9)

Inuy = In v +
G n G
Zg:l (Zj:l ng)
A@:k)
¢ 1-—
+ln v zka + ( 7) +
Zj Lk m
B(ﬂ»“vik)
+hln (Z Z (1—xj,— ng)> )
Cleinvin)

We want to show that this is strictly concave in (2, yix) -

Let us look at the terms in turn. For notational convenience, let 3 7", yjx =:

b
Y and Z;;k (Z?:1 ng> =: Z. Then

A(yx) =In <5 (v + Y + (- 5>> :

(i +Y)' +Z G
By differentiation, we get

b—1
1 bZ (yar +Y)

(yiet+Y)" (1-4) b 2
(5(yiij)b+Z+ G ) (QMJFY) +Z>

A (ya) =

Since b < 1, the numerator is decreasing in ;.. The denominator is increasing
in y;. Hence A” (y;x) < 0.

Now to the second term. Let >, x% =: X for notational convenience.

Then
T, (1 —7))

+
x8 + X m

B(zs) =1In (’y
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Differentiating,
1 aXazi

a ,y 2"
T 4 (=) a + X

!/
Since a < 1, the numerator is decreasing in ;. The denominator is increasing
in x;,. Hence B” () < 0.

Now consider the third term. For notational convenience, define

W= (Z Z (1= 29 — ng)) + Tik + Yik-
g J

Then C (xik, yir,) = hIn (W — 24, — y;x) . Differentiating, we find

pceC  Pc h Iy
oxy  Oyh  0vuOyir (W — 2 — yir)”

The determinant of the Hessian matrix is zero. Hence the Hessian matrix is
negative semidefinite, and C' (z, yi) is concave in (z;x, Yir) -
Finally, we can put things together and show that In u;; is strictly concave
in (%’17 yil) .
Write In (ui, (z,v)) = A (y)+B (z)+C (z,y) . For any (z,y), («/,y') € R%
and any ¢ € (0,1), we have
In (ugy, (tz + (1 —t) 2"ty + (1 —t)y)) =
=Alty+(1—-t)y)+Btze+ (1 —-t)2)+Cta+ (1 —-t)2",ty+ (1 —t)y) <
<tAly)+ 1 —-t)AW)+tB(x)+ (1 —t)B(2)+tC(z,y)+ (1 —t)C (2, y) =
= tIn (ui (x,y)) + (1 — ) In (ug (2',9')) .

Hence In w;i, (21, yix) is strictly concave in (g, yir) -

A.2 Utility is log-concave if y =0 =1
If v =0 =1, the we find that

) b b(yw+Y)!
A (yzk) _ . (yk b)
Yik Y (yp+ Y)Y + Z
and
2
Y b <(yzk + Y)b + Z) b(b—1) (yar + Y)b_2 - <b (ir + Y)b_1>
A (yzk) == % 3 ) D)
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Simplifying, we get

b Z(yik+Y)b+Z+(yik+Y)bb

A" (yix) = — 2 2 <0.
(yie +Y) <(yzk + Y)b + Z>
Further,
a ar®t
B (xy) = — — —
(o) = 2 (2%, + X)
and )
" a (x;lk + X) a (a - 1) I?172 - (ax?gl)
B" (v) = — 2 2 :
(2ik) (@, + X)
Simplifying, we get
a X a
B (2) = —ax T AT 0T

x?k (x4 + X)2

As above, it follows that Inw; is strictly concave in (x4, y;;) . Note that we
needed no upper bounds on a and b.

A.3 Existence of symmetric equilibria in the rent-seeking
model: two examples

This section studies two examples for the (non-) existence of symmetric equi-
libria in the rent-seeking model discussed in section 6.

Example 1 Let ay = b0 = 1, G = 2, and n = 4. Then there exists a
symmetric equilibrium of the rent-seeking model, where

1 1

[L'ng, y:E’U

To prove this, suppose that three players behave according to equation
(32). The problem of the remaining player is

(32)

y+ 150w

v —x — 1y — max subject tox > 0,y > 0. 33
y—l—%vx—i—%v Y z,y . =Y (33)

We have to show that the solution of this problem is given in equation (32).

1. The player can always ensure zero utility by choosing x = y = 0. Hence
we can constrain our search to pairs (z,y) with z + y < v. Now we
have a maximization problem of a continuous function over a compact
domain. By the Weierstrass theorem, a solution exists.
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2. The constraint x > 0 is not binding in the optimum. Suppose it were.
Then utility is at most zero. But the player can get a positive utility
by behaving as in equation (32). Contradiction.

3. The constraint y > 0 is not binding, either. Suppose it were. Then the
best the player can do is to choose x > 0 to solve

1 =«
- U — T — max
3x+§v >0

The objective function is concave. The optimal choice of z is given by

1 1
:L'f—gv+ﬁv\/6>0.

The utility equals

1 —iv4+L1V6 1 1 11 1
- 8Y 12\/_0 v—|(—=+—=V6|v={=—-=V6)v
3—tv+ LV6v+ tv g 12 24 6

But by behaving as in equation (32), the player gets utility

v v v - 11 1 5
18 16 16 \24 vV "”
Contradiction.

4. Of course, the constraint x + y < v is not binding, either.

5. Hence, the first order conditions have to hold at the optimum:

2
16” i

3.,\2 T,
(y—|-ﬁv) $+8U
y+s0 U

y‘l‘f’—ﬁv(x—l—%v)

21):1

6. Dividing these equations yields

8r +v
32x =1
(16y + 3v) (16y + v)

Solving for « we get two possibilities: © = —y— %v orr =y+ %v. Since
x > 0 and y > 0 at the optimum, we can exclude the first possibility.

This leaves us with .
r=y+ T (35)
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7. Plugging this back into equation (34) gives us
2 1
EU Y+ EU

s 2oy a1, 1=t
(y+ﬁv) Y+ v+ 30

or
5 16y +wv
Ve =
(16y + 3v)
1

This equation has three roots, one positive root y; = 75v, and two
negative roots: y;; = (—1% + %\/5) v —33x107% < 0 and Y =

(—% - % 5) v~ —0.59v < 0. Hence we know that y = .

8. Plugging this back in equation (35) we get x = §.

9. The problem (33) has a solution (step 1), the solution satisfies z > 0
and y > 0 (steps 2 and 3), and it is a critical point (step 5). The
only critical point satisfying > 0 and y > 0 is z = ¢ and y = ,
as in equation (32) (steps 6-8). Hence, the solution is indeed given by

equation (32). This completes the proof.

It might be reassuring to check the local second order condition. The
Hessean corresponding to the objective function in problem (33) is

_ 16y+v 2 256 3
H — 128 (16y+3v) (8z+v)> v (16y+30v)?% (8x+v)? v
(l’, y) 256 U3 —8192 T v
(16y+3v)? (8z+v)? (16y+3v)> (8z+v)

Hence,

v o 8 4
#(a)-[ 7
8’16 {‘—* —§]

v v

is negative definite, and the local second order condition holds.

Example 2 Let ay = b6 = 1, G = 2, and n = 10. Then no symmetric
equilibrium exists in the rent-seeking model.

To see this, note that there is a unique candidate for a symmetric equi-

librium, where
(10 — 2) v
r=-——="0 = —.
102 YT 1
In this candidate equilibrium, a player gets utility v/100. However, if a player

deviates to y = 0 and = = 6v/(100), he gets
10 00 6v 29 v

U v ov v - v>_
S Bu By ()0 100 2850 100
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