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Abstract

In this paper we develop an economic model of a professional sports league, in which the teams
acquire playing talent in an external market. There have been several earlier formulations of this
open model and all rely upon an inappropriately specified revenue function. Team revenues
should depend upon the absolute quality of the teams, as well as their relative quality measured
by win-percent. An inference that has been cited widely in this literature is that revenue sharing
increases competitive inequality. We show that this analysis is flawed. If the revenue function is
specified appropriately, gate revenue sharing always reduces competitive inequality.
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1. Introduction

This paper presents new results for an economic model of a professional sports league, in which the teams hire
playing talent from an external market at a cost per unit of talent that is determined exogenously. In several pre-
vious studies, the teams’ revenues are assumed to depend on the relative quantities of talent hired but not on the
absolute quantities of talent. The Nash equilibrium differs from the joint profit maximizing equilibrium, and ex-
hibits a higher degree of competitive balance. Consequently, the introduction of a gate revenue sharing ar-
rangement tends to increase competitive inequality. This inference might seem somewhat counterintuitive.

In this paper, we argue that several previous formulations of this “open” model are based on an inappro-
priately specified revenue function. This paper demonstrates that revenue sharing always reduces competitive
inequality if the teams’ revenues depend not only on the relative quantities of talent, represented by win-percent,
but also on the quantities of talent in absolute terms. The rest of the paper is organized as follows. Section 2
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examines the effect of revenue sharing on competitive inequality when revenues depend on win-percent only.
Section 3 examines the effect of revenue sharing on competitive inequality when revenues depend on both
win-percent and the absolute quantities of talent. Section 4 summarizes and concludes.

2. Revenue Sharing When Revenue Depends on Relative Talent

In this section, we review the proposition that revenue sharing increases competitive inequality in the open
model with a competitive external market in playing talent. In the sports economics literature, it is common
practice to present solutions for the special case of a two-team league. Most of the key insights obtained from
the two-team model remain applicable, in an appropriately modified form, in the more realistic but less tractable
case of the n-team league with n > 2. The notation is as follows:

t; = quantity of talent hired by teami (i = 1, 2).

T =1, + t, = total quantity of talent hired by teams 1 and 2.

w; = t;/T = proportion of matches won by team i, referred to below as win-percent.

m; = market size parameter for team i.

R; = revenue generated by team i.

¢ = marginal cost per unit of talent hired, assumed to be determined exogenously.

Revenue functions that depend upon relative team quality only may be specified R =o W1—¢W12) and
R, =w, —¢W22 . In this formulation, the market size measures are standardized such that m, = 1, and o= m;/m,.
The algebra is simplified in the special case ¢ = 0.5, but the properties of the model are qualitatively identical for
the general case ¢ < 0.5 as shown in VVrooman [1]. We present results for the special case only.

The early literature and some recent studies, based on “Walrasian conjectures”, assumes a fixed supply of
playing talent, such that any increase in t; is matched by an offsetting reduction in t,, or dt,/dt, = -1 (see Fort
and Quirk [2]; Dietl, Lang and Rathke [3]). Several other recent studies adopt “Nash conjectures”, by assuming
a perfectly elastic supply of talent, such that dt,/dt, =0 (see Szymanski and Késenne [4]; Késenne [5]; Vroo-
man). The implications of a talent supply function that lies between these two extremes are explored by Cyrenne
[6] and Fort and Winfree [7]. Under Nash conjectures, the partial derivatives of R; and R, are

R R ow, R, R, ow,

T _ M - T R KW g T
& Tow o, o/ & ow, v
R, OR, ow, R, R, ow,

T _RM__ i T R R M, g T
o, ow, ot o (t-w)w/ o, ow, o, (L-w, )w./

We assume revenues are shared according to a pool-sharing arrangement, such that each club contributes a
proportion « of its gross revenues to a pool that is distributed equally between the teams. The first-order condi-

tions for profit maximization, based on the net revenue functions R; =aR, + {(1—0()/2}(Ri +R,; ) , and assuming
a perfectly elastic supply of talent, are

MR1=Q@+—(1_0{){@+@}=C MRZZOK@+—(1_0{){@+@}=C
ot 2 o, ot o, 2 ot, o,

where MR; denotes marginal (net) revenue. A measure of competitive inequality is obtained using MR; — MR, =
0.

w2 l-a\W,
MR, - MR, =0 % - o-+(o-—1)(mji 1)

For a = 1 (no revenue sharing), w,/w, = Jo . Fora=0 (equal revenue sharing), w,/w, =o . o> 1 ensures
competitive inequality is greater with « = 0 than it is with « = 1. Competitive inequality increases as « decreas-
es within the range 0 < a < 1.

If revenues depend upon relative team quality only, however, the equal revenue sharing solution (« = Q) is
degenerate. By reducing their absolute quantities of talent hired towards zero, but doing so in a manner that is
consistent with the relativities required to satisfy the first-order conditions, the teams always increase their joint
profits. The solutions for the joint profit maximizing quantities of talent {t;, t,} are obtained by summing the

two first-order conditions:
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MR, + MR, =2¢ = W — (o +1)ww, + oW, = 4cT? )

Substituting wi/w, = o into [2] makes the left-hand-side zero. Accordingly, T = 0 and {t;, t,} = {0, 0}. The
degenerate nature of the joint profit maximization solution, and the inference that revenue sharing increases
competitive inequality, derive from a counterfactual corollary of the assumption that revenue depends upon
win-percent only. This assumption implies that provided the relative quantities of talent hired by the two teams
are maintained, revenue is unaffected when the absolute quantities of talent are reduced towards zero.

3. Revenue Sharing When Revenue Depends on Relative and Absolute Talent

In this section, we propose a multiplicative revenue function consisting of two components: a term that is qua-
dratic in the total quantity of talent employed by both competing teams; and a term that is quadratic in
win-percent. In common with Cyrenne and Fees and Stahler [8], we posit a direct relationship between the ab-
solute quantities of talent and revenue. In contrast, however, the multiplicative form of our model allows for the
interaction between absolute and relative team quality in a straightforward manner. Falconieri, Palomino and
Sakovics [9], who focus on the sharing of television revenue as opposed to gate revenue, consider a further va-
riant in which revenue depends on the total absolute quantity of talent and the level of competitive inequality,
but not on the quantity of home team relative to away team talent.

In our case, the proposed revenue functions are R, =o' (T =T )(w,—gw; ) and R, =(T —yT?)(w, —gw3 ).
The restriction ¢ < 0.5 ensures R; is increasing in w; over the range of feasible values 0 < w; < 1. As before, we
consider the special case ¢ = 0.5; the results are qualitatively identical in the general case. The partial derivatives
of R; and R, are

P o2 050 ) 170w

a@% =(1-27T)(w, —0.5w )~ (15T ) (1-w, ),
2 o[(4-27T) i -0)- 7)1 v
R,

. (1- 27T)(W2 —0.5W22)+(1_ yT)(L1-w,)w

2
As before, a measure of competitive inequality is obtained using MR; — MR, = 0:
W2 [1_27Tj[a(wl 05w )~ (w, ~0.5%%)

MR -MR,=0= L =c+a 3
' 2 2 1-4T W5 )

We note (1-2yT)/(1-yT)>0, and o(w, —0.5w )—(w, —0.5w; ) >0 . Competitive inequality is lower
with equal revenue sharing (« = 0) than it is with no revenue sharing (« = 1). As « decreases within the range 0
< a < 1, competitive inequality decreases. For « = 0, the joint profit-maximizing solution for {t;, t,} is obtained
as follows:

MR, + MR, = 2¢ = (1-2/T ) {or(w; 0.5 )+ (w, ~0.50 )} = 4c 4)
The left-hand-side of [4] is positive, and a non-degenerate solution exists.

It is also of interest to obtain solutions under an alternative team owners’ objective function of win-percent
maximization, subject to a zero profit constraint. The conditions are

ARl:a&+M{M}=C

b 2 b
1-
AR, =R Qo) RER
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where AR; denotes average (net) revenue. A measure of competitive inequality is obtained as follows:
1+ w, —0.5W )+ (1-a)(w, —0.5w?
0 (1201050 )05

W, (1-a)o(w,—0.5w; )+ (1+a)(w, ~0.5u)

For & = 1 (no revenue sharing), w,/w, = o-(w, —0.5w )/(w2 ~0.5w; ). For & = 0 (equal revenue sharing)

w, /w, =1. Note that o (w, —0.5w; )/(W2 ~0.5w2)>1. As in the case of profit maximization, competitive in-
equality is lower with equal revenue sharing (« = 0) than it is with no revenue sharing (« = 1). In the former
case, both teams have the same net revenue function, and both take the same decision concerning the quantities
of talent they hire. Accordingly w; = w,, and there is perfect competitive equality. Using AR; + AR, = 2¢, it is
straightforward to show that the solutions for {t;, t,} are non-degenerate for both of the polar cases, a =1 and «
=0.

In Figure 1, BR; and BR; are the best-response functions of teams 1 and 2, used to identify the Nash equili-
brium solution to the profit maximization model. Figure 1 tracks the progression from the Nash equilibrium to
the non-degenerate joint profit maximization equilibrium in the profit maximization model. Competitive inequa-
lity decreases as a — 0 and the rays from the origin become steeper. Figure 1 also tracks the progression be-
tween the counterparts of these two equilibria in the win-percent maximization model.

Even when using the appropriately specified revenue function, the joint profit maximization equilibrium en-
visages both teams divesting themselves of large proportions of their playing talents. The competitive aspect of
the Nash equilibrium encourages the teams to spend more on playing talent for individual profit maximization
than they would for joint profit maximization. In the win-percent maximization model, the total expenditure on
playing talent is not highly sensitive to «, but the distribution of talent between the two teams is highly sensitive.
In this case, the analysis suggests that revenue sharing would be effective in reducing competitive inequality
without damaging playing standards.

4. Conclusions

In this paper, we develop an economic model of a professional sports league in which the teams acquire playing
talent in an external market. Several earlier formulations of this open model rely upon an inappropriately speci-
fied revenue function. Team revenues should depend upon the absolute quality of the teams, as well as their rel-
ative quality measured by win-percent. An inference that has been cited widely in this literature, that the intro-
duction of a gate revenue-sharing arrangement increases competitive inequality in an open model, is flawed.
This inference is based on an interpolation between a Nash equilibrium solution for the case of no revenue shar-
ing, and a joint profit maximization solution that is degenerate when revenue is dependent on relative team

h

Win-percent
maximization

Profit

maximization "+

Figure 1. Effects of revenue sharing.
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quality but not on absolute quality.

In an appropriately specified formulation of the open model, revenue sharing reduces competitive inequality.

If the team owners’ objective is profit maximization, revenue sharing reduces the incentives for team owners to
spend heavily on playing talent. This means that a reduction in competitive inequality is achieved at the expense
of a significant reduction in playing standards. If the team owners’ objective is win-percent maximization, how-
ever, revenue sharing is an effective tool for reducing competitive inequality without causing any significant
lowering of playing standards.
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