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We develop a simple model to analyze the timing of contests. When the odds of winning a contest are exogenously
given – we show that if either the players discount the future or if the total cost of contest is smaller in the future –
there exist subgame perfect equilibria where both players settle, anticipating a contest in the future. With
endogenous efforts, the aggregate efforts expanded in a contest are smaller if the contest occurs in the future when
the relative effort productivities remain constant or diverge over time, thus creating scope for delay in contests.
When the effort productivities converge over time, the total efforts may be greater under a future contest. As a
consequence, players either settle over the two periods, or else they initiate a contest immediately.
Keywords: Delay; Contest; Dynamic game; War
JEL Codes: C72, D7

1. INTRODUCTION
When property rights over a resource fail to be perfectly deﬁned and enforced, agents may
devote efforts to claim ownership over the resource and confront each other in a contest.
Examples of such situations include legal disputes, political campaigning for securing voters’ support, commercial expansion for the control of market shares, or violent conﬂict over
the control of wealth and territory.
In this paper, we develop a simple model to analyze the timing of contests. The model
features two players owning a share of a contestable resource that produces some consumption units in each of the game’s two periods. The players may choose to contest the status
quo allocation in any period. If a contest occurs and each player wins it with some probability, then the winner gets the control over the entire resource for the remaining periods. Both
players are risk neutral, and know from the beginning the relative strength of each party in
the current and in the future period. We ﬁrst consider a model where the odds of winning a
contest in a given period as well as the cost of the contest are exogenously given. We then
develop a model where the players choose the costly effort they put in a contest, which
together with the exogenous effort productivity parameters determine the odds of winning
the contest through a standard contest success function.
*Corresponding author: Economics Department, Portsmouth Business School, University of Portsmouth,
Portsmouth, UK. E-mail: petros.sekeris@port.ac.uk
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Two applications ﬁt well our framework: litigation and armed conﬂict. First, consider a
party deciding whether or not to suit another party over the allocation of physical or
intellectual property rights. A single party may ﬁle a suit, and once a trial is initiated, both
parties exert efforts to tilt the jury in their favor.1 After a court’s decision, the case is closed,
thus effectively implying that contests cannot recur. A second application of our model can
be found in military contests. Consider again two parties vying for the control of some
short-lived resource, where instead of resolving the dispute in front of a tribunal, contestants
confront each other on the battleground. Parties therefore ought to decide whether and when
to attempt obtaining the resources’ ownership through violent means, given that the relative
strength of the parties may change as time passes. Our contribution helps understanding
whether and when a contest occurs, given the initial allocation of the resources among the
contestants, and given the evolution of their relative strength. This contribution is therefore
of particular relevance for better understanding the debate among political scientists over
whether countries are more likely to engage in armed conﬂict under balance of power
(Morgenthau 1960) or under power transition (Organski 1958; Organski and Kugler 1980).
As will become clear, our results accommodate both theories, depending on the models’
parameters; hence demonstrating with a simple model the need to further elaborate existing
theories of international relations.
When the odds of winning a contest are exogenously given, we show that at the subgame
perfect equilibrium, a contest either occurs today or never occurs if the players do not discount future payoffs and the cost of the contest remains constant over time. If the players
discount the future or if the total cost of the contest is smaller in the future, then there are
subgame perfect equilibria where both players settle, anticipating a contest in the future.
Indeed, suppose the cost of a contest remains constant over the two periods, the players do
not discount the future payoffs, and a contest is expected to occur at a future date. Then,
each player knows that he will have to bear the cost of a contest, whatever his choice in the
current period, and is indifferent between bearing that cost today or at a future date. It then
follows that if one of the two players prefers a contest at a future date over an immediate
one, it must be that the other prefers an immediate contest over a future one. This stops
being true when the players discount the future or when the costs of a contest are expected
to be lower in the future, as the players cease being indifferent between bearing the cost of
the contest today or at a future date.
With endogenous efforts, the cost of the contest equals the effort spent by the players.
For constant relative effort productivities, the effort invested in a contest is greater in the
initial period than in the future since the winner of the contest enjoys the resource for the
remaining periods. We name this mechanism the wealth effect. However, if the effort productivities converge over time, the sum of efforts may be greater under a future contest;
since the closer the parties’ ﬁtness, the higher their investment when the contest technology
is modelled through a contest success function. These effects, combined with the discounting effect mentioned above, determine whether and when a contest occurs.
The incentives of players to initiate a contest may be greater in dynamic games than in
their static counterparts. In a model where the players ﬁrst choose their costly effort and
then decide whether to settle, Skaperdas (2006) and McBride and Skaperdas (2007) show
that the cost of future settlements may encourage players to initiate an immediate contest.
Garﬁnkel and Skaperdas (2000) and Powell (2012) show that when present victories
1

The theory of contest has extensively been applied to model the outcome of trials (see Katz 1988; Farmer and
Pecorino 1999; Bernardo, Talley, and Welch 2000; Gong and Mcafee 2000; Hirshleifer and Osborne 2001; Robson
and Skaperdas 2008).
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translate into a future strategic advantage players are further induced to initiate a contest in
the short run. In other setups, the prospect of the future disincentivizes players to enter in a
contest. Garﬁnkel (1990) shows in an inﬁnitely repeated game that settlements may be sustained with trigger strategies where contest initiators are punished by reversion to permanent contest equilibria. Bester and Konrad (2005) show in a repeated game where in each
period the resource is randomly allocated to the players that they have incentives to defer
the contest to a period in which the allocation is very unequal so that the cost of the contest
is low as the resource constraint becomes binding for one player. Konrad (2012) points at
the ‘discouragement effect’: the expected future interaction between contestants is likely to
reduce the present discounted beneﬁts from competing in a contest, therefore incentivizing
players to contain or even totally forgo investments in the contest.2
Bester and Konrad (2004) provide a rationale for short-run settlement in a dynamic
framework where the likelihood of success in a contest is exogenous and shifting over time,
and there is an advantage of defense. For example, it may indeed be the case that the stronger agent prefers to delay the contest as he expects to become even stronger, while the
weakest agent does not initiate a contest to beneﬁt from the defensive advantage at a future
period. By endogenizing the contest effort of the players, we derive similar results without
requiring a defensive advantage.
The rest of the paper is organized as follows. In the next section, we present the model when
the contest effort is exogenous, Section 3 solves the game for endogenous efforts, Section 4
proposes a brief application to International Relations, and the last section is the conclusion.
2. THE MODEL WITH EXOGENOUS EFFORT
A given resource generates W consumption units in each of two periods. Two players, i
and j, initially have a claim over a share of the resources. We denote by ak the fraction of
the resources owned by player k. The two players live two periods, and decide in each period whether they accept the status quo allocation of the resources, or whether they initiate a
contest to attempt modifying it. If both players accept the status quo in a period, each player
consumes his share of the units produced in that period, and the game moves on to the next
period. Otherwise, a contest occurs, and the player who wins it obtains the total resources
for the remaining periods. The players discount their second period payoff according to
their discount factor dk , they have full information about the game, and are risk-neutral. In
addition, the allocations are assumed to be indivisible, so that a player cannot transfer part
of his allocation to the other player to avoid a contest.
In this section, the probability with which player k wins the resources if a contest occurs
in period t is exogenously given, and we denote it by pk;t . If a contest occurs in period t,
either player i or player j wins it, then pi;t þ pj;t ¼ 1. In addition, to capture the inefﬁciencies that typically arise in contests, we assume that the contest involves an exogenous cost
Fk;t to player k.3 We sometimes write a for ðai ; aj Þ, pt for ðpi;t ; pj;t Þ, and Ft for ðFt;i ; Ft;j Þ. In
each period, both players simultaneously choose whether they accept the status quo allocation or whether they contest it. If a player does not accept the status quo allocation in a
period, a contest occurs, and each player obtains the resources for the remaining periods
2

For an overview of dynamic contests, see Konrad (2009).
Contests involve rent-dissipation since otherwise productive resources are devoted to improving one’s winning
odds (Tullock 1980). Moreover, the value of the resources can be reduced because of the destructiveness of a contest (Herschel 1995; De Luca and Sekeris 2013), or as a consequence of the players’ risk aversion (Skaperdas
1991; Skaperdas and Gan 1995).
3
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with some probability. Otherwise, if no player has contested the status quo in a previous
period, and both players accept the status quo in the current period, each player gets his
allocation. As a tie-breaking rule, we assume that in case of indifference, the players prefer
accepting the settlement. Formally, the strategy of player k in period t is rk;t 2 fa; cg,
where a stands for ‘accept’ the status quo, while c stands for ‘contest’. We let
rk ¼ ðrk;1 ; rk;2 Þ be the strategy of player k, and r be the strategy proﬁle (ri ; rj ). Abusing
notation, we also refer to the strategy proﬁle of the players in period t as rt ¼ ðri;t ; rj;t Þ.
The utility of player k is given as follows.
8
ðAÞ
>
< Uk ðrÞ ¼ ak W ð1 þ dk Þ; if r1 ¼ r2 ¼ ða; aÞ
Uk ðrÞ ¼ ak W þ dk ðpk;2 W  Fk;2 Þ;
if r1 ¼ ða; aÞ; and rl;2 ¼ c for some k ¼ i; j ðBÞ
>
:
Uk ðrÞ ¼ ð1 þ dk Þpk;1 W  Fk;1 ;
if rl;1 ¼ c for some k ¼ i; j
ðCÞ

By backward induction, we characterize the subgame perfect equilibrium (r ) of the model.
PROPOSITION 1.
(i)
(ii)
(iii)

The subgame perfect equilibria r of the model are given by:

rk;2 ¼ c for k ¼ i; j if pk;2 W  Fk;2 > ak W ; otherwise, rk;2 ¼ a.
Suppose r2 ¼ ða; aÞ. Then rk;1 ¼ c if ð1 þ dk Þpk;1 W  Fk;1 > ak W ð1 þ dk Þ;
otherwise, rk;1 ¼ a.
Suppose r2 6¼ ða; aÞ. Then rk;1 ¼ c if ð1 þ dk Þpk;1 W  Fk;1 > ak W þ dk
ðpk;2 W  Fk;2 Þ; otherwise, rk;1 ¼ a.

Case (i) determines second-period equilibrium behavior, while cases (ii) and (iii) pin down
ﬁrst-period equilibrium behavior when a settlement or a contest is expected in period 2.
These results are obtained simply by comparing the utility of the players under the different scenario. If a settlement is expected to occur in period 2, then the two players settle in
period 1 if both are better-off by enjoying their allocation during the two periods than under
a contest in period 1. On the other hand, if a contest is expected to occur in period 2, then a
player settles in period 1 if he is better-off by delaying the contest than by precipitating it.
A necessary condition for a contest to occur in period 2 at equilibrium is that the sum of
utilities in a delayed contest be higher than in an immediate contest. Formally, the following
condition should be satisﬁed:




W 1 þ di pi;2 þ dj pj;2  di Fi;2  dj Fj;2 [ W 1 þ di pi;1 þ dj pj;1  Fi;1  Fj;1

(1)

Proposition 2 states that when the sum of utilities is higher in a future contest than in an
immediate one while a contest is expected to occur at a future date, the players settle in the
current period for some relative strengths provided some mild conditions on the evolution
of the cost of a contest are satisﬁed.
PROPOSITION 2 For all a; p2 and F2 such that r2 6¼ ða; aÞ, there exists p1 2 ½0; 12 such that
r1 ¼ ða; aÞ if Condition (1) holds and ak W þ dk ðpk;2 W  Fk;2 Þ   Fk;1 , for k ¼ i; j.
Proof
Let Condition (1) be satisﬁed and let ak W þ dk ðpk;2 W  Fk;2 Þ   Fk;1 , for k ¼ i; j.
Without loss of generality, suppose that ðpi;2  ai ÞW > Fi;2 so that ri;2 ¼ c. We then have
r1 ¼ ða; aÞ if the following two conditions are satisﬁed:
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ai W þ di ðpi;2 W  Fi;2 Þ  ð1 þ di Þpi;1 W  Fi;1

(A)

ð1  ai ÞW þ dj ðð1  pi;2 ÞW  Fj;2 Þ  ð1  pi;1 Þð1 þ dj ÞW  Fj;1

(B)

Let pi;1 be the value of pi;1 such that (A) holds with equality. We have pi;1 > 0. Indeed,
for pi;1 ¼ 0, (A) holds strictly since ri;2 ¼ c implies that the left-hand side is positive, while
the right-hand side is negative (Fi;1 ). Suppose that pi;1  1. Then, from Condition (1), (B)
holds with strict inequality for pi;1 ¼ pi;1 , while (A) holds by deﬁnition of pi;1 . If, on the
other hand, pi;1 > 1, then (A) holds with strict inequality for pi;1 ¼ 1, while (B) holds by
assumption since aj W þ dj ðpj;2 W  Fj;2 Þ   Fj;1 .
h
Consider, as a benchmark, a situation where the players do not discount the future
(di ¼ dj ¼ 1), and the cost of a contest is constant over time (Fk;1 ¼ Fk;2 ¼ Fk , k 2 fi; jg).
The left-hand side and the right-hand side of Condition 1 are then equal, so that if a contest
is expected to occur in period 2 and say player i prefers to settle in period 1, then player j
necessarily prefers to initiate a contest in period 1, and there is thus no scope for delay. If,
on the other hand, the aggregate utility under a contest in period 2 is higher than under a
contest in period 1, Proposition 2 establishes that players settle in period 1 for some current
relative strengths if a player never has incentives to precipitate a contest that is lost for sure,
a condition that is always satisﬁed when the contest costs incurred by each player do not
increase over time.
Bester and Konrad (2004) develop a model of contest between two players, where the
likelihood of success in a contest is higher when the contest is initiated by the other player.4
Letting the probability of success depend on the identity of the player initiating the contest,
we note by pk;t ðlÞ the probability that k wins the contest in period t if l initiates it. Then, a
defensive advantage is assumed if pk;t ðkÞ > pk;t ðkÞ, and it implies that the sum of probabilities of success from initiators of a conﬂict is smaller than 1 (pi;t ðiÞ þ pj;t ðjÞ\1). Assuming unit discount factors (di ¼ dj ¼ 1) and that a contest is expected to be initiated by
player i in period 2, player i settle in period 1 if ai W þ pi;2 ðiÞW  Fi;2 > 2pi;1 ðiÞW  Fi;1
while player j settles in period 1 if aj W þ pj;2 ðiÞW  Fi;2 > 2pj;1 ðjÞW  Fj;1 . It follows that
Condition 1 then becomes
2W ð1  pi;1 ðiÞ  pj;1 ðjÞÞ [ Fi;2 þ Fj;2  Fi;1  Fj;1 ;
and this condition is always satisﬁed if the contest costs remain constant over the two periods. When a defensive advantage is assumed, discounting or decreasing contest costs is not
required for delay to occur at equilibrium.

3. THE MODEL WITH ENDOGENOUS EFFORT
We develop in this section a model where the likelihood of success in a contest is
determined by the effort exerted by the players in order to win the resources. In a given period t, each player announces simultaneously in a ﬁrst stage whether he accepts the status
quo allocation of the resources, or whether he initiates a contest to attempt modifying it. If
both players accept the status quo in a period, each player consumes his share of the units
produced in that period, and the game moves on to the next period. Otherwise, a contest
4

Their focus is on armed conﬂicts. They argue that there are cases where the armies are more efﬁcient in defense.
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occurs, and each player obtains the resources for the remaining periods with some probability, determined by the effort the players exert in a second stage.5 Players invest efforts in
improving their odds of winning a potential contest at a constant marginal cost.6 The
contest technology is given by a standard contest success function so that if the players
respectively exert efforts ek;t and ek;t , the probability that player k eventually obtains the
total control of the resources if a contest is initiated in the ﬁrst stage of period t is given by
hk;t ek;t
pk ðek;t ; ek;t Þ ¼ hk;t ek;t þh
, where hk;t stands for the productivity of player k’s effort in a
k;t ek;t
contest in period t. The evolution of the productivity parameter from period 1 to period 2 is
exogenously given. We assume that the players are able to enforce a settlement when it is
the outcome of the ﬁrst stage.
The strategy of each player consists, in each period, of a choice to accept or contest the
status quo in a ﬁrst stage, and of a level of effort in the second stage, for each action proﬁle
chosen in the ﬁrst stage. Formally, in the ﬁrst stage of period t, player k chooses rk;t 2 fa; cg
and we let S be the state in the second stage of period t when rt ¼ ða; aÞ, while C is the state
in the second stage when rt;l ¼ c for some l ¼ i; j. The strategy of player k in period t is
ck;t ¼ ðrk;t ; ek;t ðSÞ; ek;t ðCÞÞ, where rk;t 2 fa; cg, and ek;t ðSÞ; ek;t ðCÞ 2 Rþ . We let the
strategy of player k be ck ¼ ðck;1 ; ck;2 Þ, and c is the strategy proﬁle (ci ; cj ).
Assuming that the players have the same discount factor d, the utility of player k is given
as follows.
Uk ðcÞ ¼ ð1 þ dÞak W  ek;1 ðSÞ  dek;2 ðSÞ, if

r1 ¼ r2 ¼ ða; aÞ



hk;2 ek;2 ðCÞ
W  ek;2 ðCÞ
Uk ðcÞ ¼ ak W  ek;1 ðSÞ þ d
hk;2 ek;2 ðCÞ þ hk;2 ek;2 ðCÞ

(2)

(3)

if r1 ¼ ða; aÞ, and r2 6¼ ða; aÞ

Uk ðcÞ ¼ ð1 þ dÞ

hk;1 ek;1 ðCÞ
W  ek;1 ðCÞ
hk;1 ek;1 ðCÞ þ hk;1 ek;1 ðCÞ

if r1 6¼ ða; aÞ

(4)

We analyze the subgame perfect equilibrium of the game, proceeding by backwards
induction. We let ek;t ðSÞ and ek;t ðCÞ be the equilibrium levels of effort, given the outcome
of the ﬁrst stage in period t. When both players settle in the ﬁrst stage of a given period,
they have no incentives to invest in appropriative activities in the second stage of that
period. We thus have ek;t ðSÞ ¼ 0 for k ¼ i; j and t ¼ 1; 2. If a contest is triggered in period
2, both players choose their effort level ek;2 in order to maximize the following expression:
5
The chosen timing whereby players ﬁrst decide whether or not to enter a contest and then decide the effort
level is tantamount to assuming a strong commitment capacity on behalf of the players since we rule out the possibility of reneging on the ﬁrst-stage decision. From a conceptual viewpoint, this commitment capacity may equally
be interpreted as players facing important reputation costs of violating their ﬁrst-stage decision, or the players’
effort slowly translating in contest capacity so that the opponent is never subject to a sneak attack. From a practical
viewpoint, contests such as legal or sports contests whereby the players ought to publicly declare their participation
before the contest actually taking place satisfy the model’s timing assumptions. Our setting equally applies to military confrontations since they necessitate military preparation which is likely to be observed – at least to some
degree – by one’s opponent.
6
We assume away budget constraints that would burden the analysis without bringing any additional insight.
The cost of effort can be interpreted in various ways including foregone production given some linear production
function, or a constant marginal utility of leisure time.
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hk;2 ek;2 ðCÞ
W  ek;2 ðCÞ
hk;2 ek;2 ðCÞ þ hk;2 ek;2 ðCÞ
Combining the players’ reaction functions, the equilibrium amount of effort of both players is:
ei;2 ðCÞ ¼ ej;2 ðCÞ ¼ e2 ðCÞ ¼ 

hi;2 hj;2
hi;2 þ hj;2

2 W

If a contest occurs in period 1, player k chooses the level of effort ek;1 that maximizes
Equation (4). Combining the players’ reaction functions, the equilibrium amount of effort
of both players is:
ei;1 ¼ ej;1 ¼ e1 ¼ ð1 þ dÞ 

hi;1 hj;1
hi;1 þ hj;1

2 W

Notice that player k wins the contest in period t when both players exert the equilibrium
choices of effort with probability pk;t ¼ hk;t =ðhk;t þ hk;t Þ.
Denote by cS;C a strategy proﬁle such that r1 ¼ ða; aÞ, r2 6¼ ða; aÞ, ei;1 ¼ ej;1 ¼ e1 ðSÞ
and ei;2 ¼ ej;2 ¼ e2 ðCÞ. The payoff of player k under settlement in period 1 and contest in
period 2, given equilibrium efforts in both periods is:
Uk ðcS;C Þ ¼ ak W þ d 

h2k;2
hk;2 þ hk;2

2 W

Using the same notation, we write cS;S for the strategy proﬁle where both choose to settle
in each period and therefore invest no effort at equilibrium, and cC;: for a strategy proﬁle
where at least one player initiates a contest in period 1 and both choose the equilibrium
level of effort ei;1 ¼ ej;1 ¼ e1 ðCÞ. We thus have Uk ðcS;S Þ ¼ ð1 þ dÞak W , and
2
Uk ðcC;: Þ ¼ ð1 þ dÞW h2k;1 = hk;1 þ hk;1 . Comparing Uk ðcS;C Þ with Uk ðcS;S Þ, settlement
prevails in period 2 at equilibrium if:
h2k;2
ak  
2
hk;2 þ hk;2

k ¼ i; j:

Otherwise a contest occurs in period 2.
The players’ decision in the ﬁrst stage of period 1 depends on the expected outcome in
period 2. If a settlement is expected to occur in period 2, the two players prefer to settle in
period 1 if both are better-off under a durable settlement than under an immediate contest,
i.e. if Uk ðcS;S Þ  Uk ðcC;: Þ for k ¼ i; j. On the other hand, if a contest is expected to occur in
period 2, player k proposes to settle in period 1 if he is better-off under a delayed contest
than under an immediate one, i.e if Uk ðcS;C Þ > Uk ðcC;: Þ.
The next proposition characterizes the subgame perfect equilibria of the game.
PROPOSITION 1.bis The subgame perfect equilibria of the model with endogenous effort
are characterized by the following expressions

8
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(i.a)
(i.b)

ei;t ðSÞ ¼ ej;t ðSÞ ¼ 0
ei;1 ðCÞ ¼ ej;1 ðCÞ ¼ e1 ðCÞ ¼ ð1 þ dÞ 

(i.c)

ei;2 ðCÞ ¼ ej;2 ðCÞ ¼ e2 ðCÞ ¼

(i.a)
(i.b)
(i.c)

h h

hi;1 hj;1
hi;1 þhj;1

2 W

i;2 j;2
2 W
ðhi;2 þhj;2 Þ
For k ¼ i; j, rk;2 ¼ a if Uk ðcS;S Þ  Uk ðcS;C Þ, while rk;2 ¼ c otherwise.
If r2 ¼ ða; aÞ, then rk;1 ¼ a if Uk ðcS;S Þ  Uk ðcC;: Þ, while rk;1 ¼ c if Uk ðcS;S Þ for
k ¼ i; j.
If r2 6¼ ða; aÞ, then rk;1 ¼ a if Uk ðcS;C Þ  Uk ðcC;: Þ, while rk;1 ¼ c if Uk ðcS;C Þ for
k ¼ i; j.

The proof of this proposition follows directly from the equilibrium values of effort conditional on the outcome of the ﬁrst stage that we have previously computed.
Analogously to the previous section, a necessary condition for a contest to occur in period 2 is that the sum of discounted payoff is higher under a contest in period 2 than under a
contest in period 1, which is equivalent to requiring that the sum of discounted efforts be
higher under a contest in period 1 than under a contest in period 2. Since the contest efforts
are identical for each player, a necessary condition for delay to occur is that the effort of a
player in a contest in period 1 should be higher than the present value of the effort he
would exert in a contest in period 2:
ð1 þ dÞ 

hi;1 hj;1
hi;1 þ hj;1

2 [ d 

hi;2 hj;2
hi;2 þ hj;2

2

(5)

Proposition 2.bis. states that when the sum of utilities is higher in a future contest than in
an immediate one while a contest is expected to occur at a future date, the players settle in
the current period for some relative strengths.
PROPOSITION 2.bis For all a, and hi;2 =hj;2 such that r2 6¼ ða; aÞ, there exists hi;1 =hj;1 such
that r1 ¼ ða; aÞ if Condition (5) holds.
Proof
h2i;2
Let Condition (5) be satisﬁed. Without loss of generality, suppose that
2 > ai so that
ðhi;2 þhj;2 Þ
ri;2 ¼ c. We then have r1 ¼ ða; aÞ, if both
ai W þ d 

1

1
2 W  ð1 þ dÞ 
2 W ;
h
hj;1
1 þ hj;2
1
þ
hi;1
i;2

1
1
ð1  ai ÞW þ d 
2 W  ð1 þ dÞ 
2 W
hi;2
h
1 þ hj;2
1 þ hi;1
j;1

(A′)

(B′)

Let ðhi;1 =hj;1 Þ be the value of hi;1 =hj;1 such that (A0 ) holds with equality. We have 0.
Indeed, for hi;1 =hj;1 ¼ 0, (A0 ) holds strictly since ri;2 ¼ c implies that the left-hand side is
positive, while the right-hand side is equal to zero. On the other hand, as hi;1 =hj;1 ! 1, the
right-hand side of (A0 ) converges to ð1 þ dÞW , which is the upper bound of the left-hand
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side. Then, from Condition (5), (B0 ) holds with strict inequality for hi;1 =hj;1 ¼ hi;1 =hj;1 ,
while (A0 ) holds with equality by deﬁnition.
h
Two forces are subjected to determine whether the aggregate effort spent is higher in an
immediate or in a future contest. First, keeping the productivity parameters constant, the
marginal beneﬁt of effort is relatively higher in period 1 as it generates a reward for the two
periods. As a consequence, both players are incentivized to invest more effort in contests
occurring in period 1. This wealth effect is stronger the higher the discount factor.
Second, if the players’ relative effort productivity changes over time, the efforts invested
tend to increase when the effort productivities converge. We say that the ratio of effort
productivities converge if the ratio of effort productivities
isocloser ton1 in period
2 than in
n
o
period 1. Formally, we have convergence if max

hi;1 hj;1
hj;1 ; hi;1

> max

hi;2 hj;2
hj;2 ; hi;2

. In case of

convergence, the ratio of total cost in period 1 over period 2 is smaller
the
n
o highernthe relao
hj;2
hi;1 hj;1
h
;
,
tive productivities in period 1 over period 2. Formally, if max hj;1 ; hi;1 > max hi;2
j;2 hi;2
then:
@

e




i;1 ðCÞ þ ej;1 ðCÞ
ei;2 ðCÞ þ ej;2 ðCÞ

@



hi;1 =hj;1
hi;2 =hj;2



\0

The aggregate costs are thus greater if a contest occurs in period 1 than in period 2 in
case of divergence. Otherwise, in case of convergence, the two forces go in opposite
direction and the net effect depends on the extent to which the relative effort productivities
converge over time.
To illustrate the results derived in this section, we have depicted in Figure 1 the equilibria
of the game when player j’s productivity of effort in period 1 is twice as high as the one of
player i (hi;1 =hj;1 ¼ 1=2), and the players have a unit discount factor (d ¼ 1). On the horizontal axis, one can read the ratio of effort productivities in period 2 (hi;2 =hj;2 ), and on the
vertical axis, we have represented the initial share of the resources allocated to player i (ai ).
00 00 00
The areas abc and a b c describe the situations where a contest is unavoidable in period 2

FIGURE 1 Equilibrium outcomes for hi;1 =hj;1 ¼ 0:5 and d ¼ 1
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as the ratio of player i over player j’s productivity in that period is signiﬁcantly different
than player i’s share of the resources under a status quo (ai ). In the region abc, player i
would initiate a contest with player j in period 2 if a settlement is reached in period 1, and
conversely player j would initiate a contest in period 2 in the region a00 b00 c00 . In the region
0 0 0
a b c , on the contrary, players would settle in period 2. When player i would initiate a contest in period 2 (area abc), three outcomes may emerge in period 1. In zone a, player j initiates a preventive contest. He would be better-off would a settlement be reached in the two
periods but as he knows that player i will initiate a contest in period 2, player j is better off
by precipitating it in period 1. In the b area, the two players settle in period 1 while they
are both aware of player i’s intention to initiate a contest in period 2 . Lastly, in the c zone,
player i initiates a contest in period 1 as he has a small initial share of the resources and he
expects a decline in the relative productivity of his effort in the future. Following the same
reasoning, in the zones a0 and a00 (c0 and c00 ), player j (i) initiates a contest in period 1, while
the players settle in b0 and in b00 .7

4. BALANCE OF POWER VS. POWER TRANSITION THEORY
While economists have only lately been scrutinizing the inefﬁcient allocation of resources
to ﬁghting activities, understanding the roots of peace and war has always been a major
concern to political scientists. Two schools of thought propose seemingly contradicting theories in explaining which power conﬁgurations among rival nations are more likely to
provoke armed conﬂict. According to the balance of power theory (Morgenthau 1960), war
is less likely when the contenders are approximatively equally powerful, for the outcome of
a clash is then the most uncertain. When the countries’ power, however, fails to be balanced, the stronger elements will predate the weakest in order to further enhance their
power. And although the balance of power theory is certainly more complex and elaborate,
the controversy between this theory and the power transition theory (Organski 1958;
Organski and Kugler 1980) is principally about the necessary conditions to have a peaceful
world order. The power transition theory conceptualizes a peaceful order as a hierarchical
one, in a pyramidal distribution of power. The central claim of power transition theorists is
that the occurrence of a conﬂict initiated by a dissatisﬁed rising challenger is more likely
when (i) the strength of the contestants is close, and when (ii) the rising state’s power
converges to the one of the dominant state. The literature has produced mixed evidence
since both the balance of power theory (Moul 2003; Reed 2003; Toft 2007) and the power
transition theory (Lebow and Valentino 2009) seem to have been falsiﬁed by econometric
evidence. In light of our theory which reveals what we have termed the wealth effect and
the convergence effect – dynamic strategic effects disregarded by existing IR theories and
inﬂuencing the timing of conﬂict – both the balance of power theory and the power
transition theory can be reconciled.
To illustrate the ﬂexibility of our theory in explaining these two seemingly competing
theories, assume that two countries i and j owning respectively shares ai and 1  ai of some
valuable resource (territory, natural resource, ...) decide whether or not to engage in war
today (time period t) and in the future (t þ 1). On Figure 2, we represent an enlarged part
of Figure 1, for hi;1 =hj;1 ¼ 1=2, ai 2 ½0; 0;3, and hi;2 =hj;2 2 ½0;4; 1. On this ﬁgure, we
7
One could object that the players’ efﬁciency parameters and their consequent win probabilities should reﬂect the
0
0
0
players’ initial allocation of property rights. This would amount to restricting the analysis to regions a , b , and c on
Figure 1. We purposefully decided not to constrain the problem in that direction, since interesting results arise in
situations where the players’ relative power does not reﬂect their relative property endowments.
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represent two different convergence scenarios. In the ﬁrst one where ai ¼ 0; 2, if no convergence occurs (W ) peace is secured over the two time periods. Indeed in that case the two
countries’ relative strength reﬂects their relative control of the resource, thus making peace
preferable. Since there is no power convergence, or in other words since the balance of
power is maintained, the countries have no incentives to wage war in t þ 1. As a consequence, in expectation of no power transition, both countries prefer maintaining peace today
(i.e. in t) as well. If, however, the countries’ relative military efﬁciency had shifted from 0,5
in t to 0,75 in t þ 1 (X ), the countries would expect an asymmetry in the future between
the countries’ relative strength and their relative territories. The balance of power would be
disrupted in the future, and the rising state would accordingly go to war in t þ 1, thus corroborating the balance of power thesis. While the incentives to wage war today for the
declining power are stronger than in the previous case (i.e. point W ) because of country 2’s
expected conquests in the future, the peaceful option remains the preferred on in the short
term for both countries. Hence, for so long as the balance of power is preserved, peace prevails, while when a country’s power rises conﬂict occurs.
In the second scenario where country i is twice poorer (ai ¼ 0;1), the partition of the total
territory would not reﬂect the countries’ relative strength in the ﬁrst time period. Should the
countries not expect any power convergence (Y ), the disadvantaged country would have
incentives to wage war immediately, so as to claim territories reﬂecting its might both today
and in the future. On the other hand, if the relative military efﬁciency shifted from 0.5 in t to
0.75 in t þ 1 (Z), the rising country’s incentives to wage war in the future become very
strong, eventually outmatching the incentives to wage war in the short run. As a consequence,
the higher incentives to wage war in the future by the rising power could be interpreted as a
validation of the power transition theory. Had we considered other parameter conﬁgurations,
our setting further allows to understand preventive wars (Levy 1987) in expectation of power
transitions, hence bringing further support to the power transition theory.
Our framework is therefore ﬂexible enough to give credence to two central theories in
International Relations, hence highlighting the need to further reﬁne the mechanisms tying
power shifts between nations to war.

FIGURE 2 Convergence of power and war
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5. CONCLUSION
In this paper, we develop a model for the study of two-period contest games featuring two
players. We derive two conditions for players to reach short-run settled solutions despite the
perspective of a future contest. These two conditions are that either players at least partially
discount the future, or that the costs associated with the contest be lower in the future for
both players. When contest effort is endogenous, the future cost reduction may result from
two mechanisms. Following the ﬁrst mechanism that we labeled the wealth effect, the
players’ incentives to expand costly effort in early contests is a positive function of the discounted amount of resources at stake in the contest. The wealth effect incentivizes players
to delay contests. We also unveil another particular mechanism linked to the players’ effort
productivity shifting through time: if the players’ relative contest productivity diverges
through time, their aggregate contest effort is lower in future confrontations, thus further
favoring short run settlements. On the other hand, if the players’ relative contest productivity converges, the rising future contest efforts incentivize players to opt for early contests.
In the latter situation, whether delay occurs at equilibrium will be determined by the relative
magnitude of the wealth and convergence effects.
We illustrate the usefulness of our framework by discussing two central theories in international relations: the balance of power theory, and the power transition theory. This model
is shown to be ﬂexible enough to accommodate both theories, thus demonstrating the need
to further reﬁne how the dynamic strategic considerations affect the mechanisms tying
power shifts between nations to war.
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