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| . Introduction

Since the seminal work by Tullock (1980), contest models have been extensively
applied in the economy. Examples include: (i) lobbing by corporations and/or consumer
groups for regulatory treatment; (i) inter—firm or international R&D rivalry for a
profitable innovation; (iii) environmental conflict between citizen groups and polluting
firms; (iv) litigation between plaintiffs and defendants; and so on. Contests are studied
in many scholars. Examples are Dixit (1987), Baik and Shogren (1992), Nitzan 1994),
Hirshleifer (1995), Farmer and Pecorino (1999), Baik and kim(1997), Epstein and Hefeker
(2003), Schoonbeek (2007), Shaffer and Shogren (2008), Park (2013, 2014).

Contests have been studied under an assumption that players only use an instrument
in order to win a prize. This assumption may inconsistent with some common contests.
In some situations, each player may have several instruments that are used to increase
his likelihood of winning a prize. For example, a potential polluting firm, that wants to
put forward plans for a project which will yield profits, could try lobbying the
government directly by offering money or by contributing to political parties. In addition,
the firm could place advertisements in newspapers, try to influence other developers who
see the firm’'s project as benefits to economic conditions. In opposition to the firm’s
project, a citizen group may try to stage protest in front of the National Assembly. In
addition to protests, the group could place advertisements in newspapers, show sick
people due to environmental damages.

To model such situations, we use the specification proposed by Epstein and Hefeker
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(2003), that considers a two instrument contest and compare it to the standard Tullock
contest. Epstein and Hefeker (2003) show that the results derived with their model
significantly differ from those derived with the standard Tullock contest. Hence, one
cannot innocently replace two instruments by one instrument. To show the results,
Epstein and Hefeker (2003) look at the probabilities of winning the contest and the total
expenditures. Like Epstein and Hefeker (2003), we also analyze the probabilities and the
total expenditure. The difference between Epstein and Hefeker (2003) and this paper is
as follows. Epstein and Hefeker (2003) consider two cases: (1) case 1 - both players
only use the first instrument; and (2) case 2 - they use two instruments. Comparing
case 1 to case 2, Epstein and Hefeker (2003) show that the total expenditures may
increase or decrease as a result of the use of two instrument. Unlike Epstein and
Hefeker (2003), we allow each player to choose one between the use of one instrument
and the use of two instruments, maximizing his expected payoff. Then we show that
the total expenditures always increase as a result of the use of two instrument. In other
words, if we consider rent dissipation as a waste of resources, the use of two
instruments, relative to the use of one instrument, lowers welfare.

Section II describes our two models and derives the equilibrium respectively. In
section III we compare two instrument contest to the standard Tullock contest. Section

IV contains some concluding remarks.

Il. Framework of the Models

The specification of our model borrows from Epstein and Hefeker (2003). Consider a
contest in which two parties, labeled 1 and 2, are interested in a prize of value, v. Each
player can compete with two instruments. The effort levels of these two instruments
chosen by player n are denoted as L, and y, (n = 1, 2).

The probability that player n wins the prize is denoted by p, The probabilities depend
on the relative magnitudes of the efforts of the actual contestants. We use the
specification proposed by Epstein and Hefeker (2003) and also used by Schoonbeek
(2007). The objective probability that player 1 wins the prize is defined by
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= Liln + DAL(a + 1) + La(gp + 1)) (1)

if Ly + L, > 0, whereas pr = 1/2 if Ly + L, = 0. Observe that (1) has the following
attractive properties: (i) both instruments are complementary to each other, ie. the
second instrument y;, reinforce the effect of the first instrument L, (i) if a player
cannot use the second instrument but a rival can, each player’s strategic behaviour can
be changed; and (i) if both players do not use their second instrument, then (1)

reduces to the standard Tullock contest success function:
p= Li/(Ly + Ly). (2)
Player 1's expected net payoff is
m=pv-Li-n 3)
and player 2’s expected net payoff is

wm=0-p)kv- L - J» (4)

2.1. Contest with One Instrument

In the one instrument game, two players compete with each other by expending their
only one instrument to win the prize. Considering the probability-of-winning for player
1 in expression (2) and the expected payoffs for the players in expressions (3) and (4),
we obtain a unique Nash equilibrium such as L and ;. We obtain the following

lemma.

Lemma 1. At the Nash equilibrium in the one Instrument contest, the fllowing holds
in the equilibrium: the corresponding eforts are Li" = kv/(k + 1)* and Ly~ = Ev/(k +
1)% the corresponding probability-of-winnings are p'> = 1/(k + 1) and ps° = k/'(k + 1);
and the corresponding expected payoffs are m" = v/(k + 1)2 and m" = Bv/(k + 1)
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Lemma 1 says that player 1 who puts the less valuation on the prize than player 2
expends the less effort than player 2, and obtains the less expected payoff than player
2. 1e., LY < LY and " < JrgN, respectively. In addition, Lemma 1 shows that player 1
is the underdog and player 2 is the favourite: p’* < 1/2 (Dixit, 1987).

2.2. Contest with Alternative instruments

We explore our next model in which both players can choose one or two with two
instruments. Using expressions (1), (3), and (4), we obtain a unique Nash equilibrium.

We denote it by (4", »%5 Li", L2"). We then present the following result.

Lemma 2. At the Nash equilibrium in the one Instrument contest, the fllowing holds
in the equilibrium-

(/) Both players use one instrument if and only if v < (k + 1)/K. The corresponding
efforts are yi° = w = 0 and Li" = kv/(k + 1)* and L," = Ev/(k + 1)% the corresponding
probability-of-winnings are pi” = 1/(k + 1) and p,° = k/(k + 1); and the corresponding
expected payofls are m" = v/(k + 1)* and m" = K'v/(k + 1)

(i) Player 1 uses one instrument whereas player 2 uses both instruments if and only
if (k + VYK < v < (& + K. The corresponding efforts are vi" = 0, »" = L," - 1,
L' = {kV? - VWK and L, = (k" - 1)/k the corresponding probability-of-winnings
are pi” = 1/kv? and p° = {kv"* - 1)/kV* and the corresponding expected payoffs are
n' = VK and m° = {kv - V%) - 26&/” - DV/k + 1.

(iii) Both players use two instruments if and only if v > (& + 1YK. The
corresponding efforts are yi° = Li° — 1, » = L, - 1, Li' = Ev/(E + 1)* and L, =
Bv/(KE + 1)% the corresponding probability-of-winnings are p,” = 1/ + 1) and p° =
KE/(K + 1); and the corresponding expected payofls are m” = - (K — Dv/(K& + 1)* + 1
and m" = K& - DK + 1 + 1.

Statement (/) of Lemma 2 says that both players use only a main instrument if the
value of the prize is low. In addition we obtain that Zi" < L', p" < p’, and m" < m"
Statement (ii) says that player 1 uses only a main instrument and player 2 use two

instruments if the value of the prize is not sufficiently low and it is not sufficiently
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high. In addition we obtain that Z;" < L, pi" < p", and m" < m" Statement (iii) says
that both players use two instruments if the value of the prize is high. In addition we
obtain that 2, < L;", m < »", ;i < p’, and " < m"

The question we consider is who use both instruments first between player 1 and

player 2. Using Lemmas 1 and 2 we summarize the answers in Result 1.

Result 1. (/) The increase in k& (a) reduces the range where player 1 uses the
secondary instrument; and (b) increases the range where player 2 uses the secondary
instrument. (/7)) The increase in v increases the range where both players use the

secondary instrument.

The question we consider next is how much player 7/ invests in the main instrument

L;. Using Lemma 2 we summarize the answer in Result 2.

Result 2. The increase in the values of the prizes incurs the more expenditure on the

main instrument.

lll. Comparison of RD between Two Contests

Let us describe the rent dissipation. In the rent-seeking literature considerable effort
has been devoted to the study of rent dissipation (Nitzan, 1994). Rent dissipation is
important because it measures the amount of resources contestants use from their
expected gains in the contest (Epstein and Hefeker, 2003). Full dissipation implies the
resources spent on obtaining a prize equal its value. Rent dissipation can hence serve as
a measure for the welfare implication of rent-seeking (Tullock, 1980).

The extent of rent dissipation (/D) in the case of the one instrument game is defined
as: RDY = LY + L. The extent RD in the case of two instruments game is defined

ast: RD" = Li" + Ly" + 7 + " The results are summarized in Lemma 3.

Lemma 3. (/) In the equilibrium efort levels in the one instrument game, RD" =

kv/(k + 1). (iD) In the equilibrium eflort levels in the two instruments game; (a) RD" =
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k/(k+ 1) for v < (k+ VY& ) RD” = (1 + 20kv? - 1K - 1 for v < (& +
D5 and (¢) RD™ = 20k + 1}v/(& + 1)* - 1} for v > (& + DY/K.

From Lemma 3 we obtain that D™ < RD” < RD" since RD™ < (k + 1}/k for v <
(k + VYK, (k + 1Y/k < RD”™ < 2k for (k + VYK < v < (¥ + VYK, and RD" > 2k
for v> (£ + 1)*/K. We conclude that

Result 3. If at least one of the players uses both instruments, the rent dissipation

increases relative to the case where both players only use one instrument.

Result 3 of this paper is different from Result 3 of Epstein and Hefeker (2003). The
difference between this paper and Epstein and Hefeker (2003) is as follows. Epstein and
Hefeker (2003) assumed two situations: (1) both players only use the first instrument;
(2) they use two instruments, and they show that “With two instruments, both players’
investment in instrument L, will decrease compared to the situation with only one
instrument.” Unlike the assumption of Epstein and Hefeker (2003), we assumed each
player can choose one between one instrument and two instruments, maximizing his

expected payoff.

IV. Concluding Remarks

We have examined how a second instrument to change the outlays of the standard
Tullock contest. Solving for Nash equilibrium at the contest with alternative instruments,
we have shown three results. Firstly, the increase in the difference between the sizes of
stakes may make the player who have the higher stake in the contest uses two
instruments and the player who has the lower stake uses one instrument. Secondly, the
increase in the stakes of the contest induces both players use two instruments. Thirdly,
the increase in the stakes incurs the more expenditure on the main instrument.
Comparing the contest with alternative instruments to the Tullock contest, we have
shown that if at least one of the players uses both instruments, the rent dissipation

increases relative to the case where both players only use one instrument.
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Our results suggest that giving each player a second instrument as his disposal can
change the outcomes of Tullock contest and makes each player be trapped in a

prisoner’s dilemma game.
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