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Abstract Earlier general firm/trade union bargaining literature is brought to bear on a
specific North American sports league model, where talent supply is fixed and profit-
maximizing clubs receive local (gate) revenue plus an equal share of league broadcasting
revenue. Club and player representatives negotiate a Collective Bargaining Agreement on the
levels of local revenue sharing, salary cap and salary floor. Reistdtsalia, show how
increases in broadcasting market size affect the Nash bargaining solution for player salaries,
competitive balance, player salary share of league revenue, the ratio of salary floor to cap and
the extent of local revenue sharing.
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| Introduction

The “basic” North American sports league model bé ttitle entails a set of profit-
maximizing clubs whose revenues and costs depetideoaggregate playing talent they each
hire, and an aggregate supply of talent to theuedbat is perfectly inelastic, reflecting the
fact that the major North American leagues (MLB,AJBNFL, NHL) face little competition
for talent from rival leagues. There is an exteaditerature on such models with various
approaches to finding their solutions for the talalocation between clubs (and hence
competitive balance), and for the talent wage é&ssumed uniform wage per unit of talent
which then determines player salaries) under laiésiee, where no restrictions are imposed
on club or player behaviour; for instance thereraregevenue sharing arrangements between
clubs, there are no salary caps on club payrohs, implicitly there is complete “free
agency” for players to negotiate contracts with alup. The literature also includes many
papers that address the impact of exogenous inquosif a restriction such as revenue
sharing or a salary cap on the talent allocatiahvaage.

The 2£' century reality for all four major leagues is thgpically many restrictiorfsare in
operation simultaneously, and decisions on themjangly made by a club representative
(perhaps the league commissioner) and a playeeseptative (perhaps an executive of the
players’ trade union), leading to a Collective Baning Agreement (CBA) document which
becomes the framework within which subsequent @nd player economic activity takes
place. The objective of this paper is to extendtibsic North American model to include
such collective bargaining, drawing on the earliegrature on general firm-trade union
bargaining, and in particular the seminal paperMgDonald and Solow (1981), where
bargaining is between a firm and its trade uniomrothe levels of worker wages and
employment, and where the firm and the trade urmiame utility functions defined over
wages and employment (the firm’s typically as pgefiwhich depend on wages and
employment). The set of efficient bargains and otbelution concepts from axiomatic
bargaining theory can be analy3eih particular Nash bargaining solutidnsan provide a
unique wage and employment collective bargainingtism.

In our model we make what seem to be the most abvand simple assumptions on the
utility functions of the club and player represéiviss. The club representative has a utility
function which is simply the sum of individual clglofits, which in turn are functions of the
talent allocation and wage. Unlike McDonald ando80(1981), there can be no variation in
employment (all talent will be employed), and thaypr representative has a utility function
which is simply the talent wage. Ultimately the negentatives are thought of as bargaining

? Restrictionsvary across the leagues, and include the previomggtioned revenue sharing and salary caps, asawell
salary floors on payrolls, luxury taxes, agreem@mtshe fraction of the league revenue that wiltgplayers, a procedure
for drafting rookie players to clubs with restr@ts on the salaries they can be paid, restricbonshen during their careers
players can achieve free agency status, restrictiarclub roster size, and several more.

® There are other approaches to firm/trade uniondaing in the earlier literature, in some of whidkefficient outcomes
emerge; see for instance Manning (1987). Thesenaliges might also provide interesting insightsalken to the sports
league collective bargaining context — there ipresumption here that the McDonald-Solow rout&ésdnly route.

* These solutions originated in Nash (1953). OsbamkRubinstein (1990, chapter 2) provides a marentediscussion
which includes in section 2.4.2, p. 19-20 an exangginerated by McDonald-Solow.
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over multiple restrictions such as revenue shasatary caps etc., and not directly over the
talent allocation and wage, again unlike the ansom McDonald and Solow (1981). To
progress to a full collective bargaining model éur context, we need to specify a set of
restrictions and understand how the restrictionp mé& solutions for the talent allocation
and wage using one of the approaches for findirntp solutions, so that the representatives’
utilities, efficient bargains and Nash bargainintuons can be analysed; thus, compared to
McDonald and Solow (1981), we face an additiongp sh the required modelling.

The only paper known to the author that studiesitigact of (exogenous) imposition of
multiple restrictions is Dietl et al. (2011) who focus bineie restrictions: an arrangement for
revenue sharing between clubs (RS for short),arysahp on club payrolls (SC), and a salary
floor on club payrolls (SF). We follow, in that iour model the club and player
representatives bargain over the levels of the sdumee restrictions (RS, SC and SF); our
objective becomes endogenous determination of tlesds via the collective bargaining
analysis. Dietl et al. (2011) use a standard twi-chodel to trace the consequences of the
multiple restrictions for the talent allocation awege solutions, using mainly the Walrasian
fixed-supply conjecture approach to finding sucklusons. Instead we use the Walrasian
large league approach of Madden (2010, 2015), avidrge number of two types of club; the
consequences are similar to the Walrasian fixeglguponjecture analysis in Dietl et al.
(2011), but more convenient at some points of atereled agenda.

The revenue specification in our model also takesvgortant lead from existing literature,
namely Peeters (2015), in that there are two rexesources for the league and its clubs.
First, as is standard in most models, each clubsearlocal revenue, thought of as gate
revenue from its home games attended by its owrd“bare” fans who have relatively little
preference for “uncertainty of outcome”, and atie&dy strong preference to see their team
win. Secondly, and less standard, there is brodidga®venue, now a major revenue source
in all the major North American leagues. Since 1@6hias been legal for the leagues to
negotiate collectively with broadcasters regardialg of TV rights and to distribute proceeds
equally between clubs. This is the practice irfalr of the major leagues, and we assume so
throughout the paper. Since the TV audience wiliMmge neutral than the stadium audience
(see Peeters (2015)), with a relatively strong gresfce for uncertainty of outcome, we
assume that the broadcasting revenue coming iettettgyue is larger the more competitively
balanced is the league. All this broadly followsfes (2015), who uses a different model of
the talent market to study the endogenous levidaat revenue sharing that would emerge if
the level was chosen to maximize league profits,wesild be chosen by our club
representative if they had no need to negotiatke thi¢ union. In reality, because of anti-trust
law, the league can impose restrictions which déctisalaries only if they are agreeid
collective bargaining with the union — hence outemive bargaining model.

Sadler and Sanders (2016) also present a collebtivgaining model, a two period non-
cooperative game between owners and players, nediviay the 2011 NBA lockout. Based
on asymmetric information about the size of leagaenue, they show how lockout might
emerge as equilibrium. They have nothing to sayabollective bargaininggreements, the



nature and content of which will be our focus. Hiywae have nothing to say about lockouts
or strikes, which would need some dynamic develagrogéour essentially static story.

Ours is not the only paper to study theoreticaleéssin sports leagues using Nash bargaining
solutions. Solow and Krautmann (2011) study baiggiover salary between a single (elite)
player and one or more clubs separately, using\éeh bargaining solution concept. Our
collective bargaining context is different, witlrepresentative of all players bargaining with
a representative of all clubs, over RS, SC and SF.

Results are derived for our full collective bargagnmodel in two stages. First we study a
hypothetical model where the representatives ate &b bargain directly over the talent
allocation and wage ignoring the “additional stapfeded for the full model mentioned
above, and we derive the hypothetical model efficeargains and Nash bargaining solution;
in particular the player salary share of leaguenee is always 50%. Secondly, taking the
“additional step”, we show that under a paramegsumption which, in particular, puts an
upper bound on the size of the broadcasting mardative to the clubs’ local revenue
markets, the talent allocation and wage which heeNash bargaining solution for the full
model are the same as those for the hypotheticdeh{amcluding its 50% player share); this
is supplemented by analysis of the levels of RSa8& SF which would appear in the CBA
document. Comparative static effects of paramétanges on the Nash bargaining solution
are studied, but, given the huge increase in basohg revenues over the last 40 years, we
focus only on the effects of increases in the efzbe broadcasting market. Findings include:

(a) Increases in broadcasting market size would haveffezt on talent allocations or
wages under laissez-faire; each (negligible in)sizdividual clubs will not be able to
influence the league broadcasting revenue, oreitgidl) share of it, and marginal
revenues (and talent demands, and so talent alosaand wages) are independent of
the size of broadcasting revenue, proceeds singhggnto the pockets of the profit-
maximizing owners. However if our collective bamjag is the league modus
operandi, then we show that increases in broadcpstiarket size will indeed
increase the talent wage (and hence player sglaries

(b) The Nash bargaining solution will always producelant allocation that maximizes
league revenue (which is the sum of revenues flmmbroadcasting market and the
local club markets). As the broadcasting market gizreases competitive balance at
that talent allocation also increases because efinbreasing importance of the
broadcasting consumers and their preference foertaioty of outcome, i.e. for
increased competitive balance. Thus our predicsothat competitive balance will
increase as the broadcast market size increases.

(c) Although the Nash bargaining solution for the mélallocation and wage is unique,
there are multiple ways of choosing the levels 8f RC and SF which would produce
this talent allocation and wage. Phrasing thisedétly, there are in general multiple
solutions for the content of the CBA document thik support the Nash bargaining
solution, offering a rich set to explore for comsigy with actual CBAs. As the size
of the broadcasting market increases, we show théiebe CBA documents in
which: (i) the ratio of SF to SC increases, andses the level of SF; (ii) the extent of
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local revenue sharing stays the same; (iii) in agngented model where a final RS
decision is delegated by the player representdtiveegotiations between the club
representative and the clubs themselves, thereadsof (ii), the extent of local
revenue sharing decreases.

(d) There is some very tentative evidence in supportasiclusions in (a), (b) and (c)
above, drawn from recent NFL experience.

Section Il of the paper sets out the initial frarewfor the analysis, including (Il.1) the cost
and revenue specifications, (I1.2) the resultingglee revenue maximizing talent allocation
and (I1.3) the hypothetical collective bargainingael. Section Ill addresses the full model,
including (lll.1) its more extended framework tcclimde the “additional step” and (l11.2)
discussion of its efficient bargains and Nash hargg solution with derivation of the results
behind the findings (a), (b) and (c) above and wiinters for (d). Section IV discusses some
possible extensions, including changes which iidvathe otherwise rigid 50% player share
to vary, and which will relax the parameter assuomd upper bound on broadcasting
market size. Section V concludes.

[l The framework
I1.1 Costs and revenues

We adopt the “large league” specification used edifen (2010, 2015). The league consists
of two types of profit-maximizing club, with a coamium of mass 1 of each typg. > 0,c €
[0,1],i = 1,2 will denote the aggregate playing talent on thetenoof clubc of typei. w > 0
denotes the wage per unit of talent, assumed umifmross the leagueyt;. is the payroll of
club ic. The aggregate talent supply to the leagug(ig) = 0 and is assumed perfectly
inelastic; normalisings(w) = 1 for allw = 0, and the implicit uniform reservation wage is
0. If all clubs of type have the same talent therwill denote that common allocation. In all
Walrasian large league solutions clubs of the sgype will have the same talent, and the
talent market will cleart; +t, = 1.

The league and its clubs receive revenues of tfferdnt types, broadcasting and local gate
revenue.

Suppose; +t, = 1 and one clubic say, deviates frony. Think of the local gate revenue
for ic as stemming from purchase of season ticKeistheir club’s home games by “hard-
core” fans, and that the willingness-to-pay fortstickets, and hence revenue, depends on
the talent level of their own teatp, and the average talent level of all teams indhguet

say;t = % and, because clule is negligibly small in the continuum setting, \&ion int;,

will not changet, which can also be thought of as the averagettldeal of all visiting teams
to clubic. Suppose that the hard-core fans would prefee¢otiseir team with greater talent

> Although not in the continuum setting, the ideaafeason ticket league is due to Fort and Quirk Rdans
buy a season ticket ahead of the season, allowerg subsequent entry to all home games.
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than the league, or rest of league, average -;() but not too much greater when the

boredom of one-sided games eventually reduces rtezest of even the hard-core, and
assume that this leads to revenue for clulvhich is increasing ;. up to some level in

excess of = % after which it starts to decline; in the commamlance there is some (but not

complete) preference for uncertainty of outcomes Itonvenient for the purposes of this
paper to assume the following quadratic form fa fifcal gate revenue function of clitb
when it deviates fromy;

1
Ri(tic) = my(tic — 5 ti (1)

Herem; > 0 is a measure of the size of the local market ¢&se”) for each club of type
and it is assumed throughout that > m, > 0, so that type 1 clubs are the big market clubs.

Revenue in (1) would be maximized whegn= 2t = 1, and clubic has twice the talent level
of the league averajean arithmetically convenient feature of (1).

Regarding broadcasting revenue, as mentioned ealliéour major North American leagues
sell league TV rights collectively, distributinggameeds equally between all clubs. There is
evidence that armchair consumers behind this revéiauve a relatively strong preference for
uncertainty of outcome, at least compared to hard-ans (see Peeters (2015))mlf > 0

is a measure of the size of the league’s broadcastarket then we assume that broadcasting
revenue is;

Rp(t)) = mp(t; — t7) 2
This reflects a strong uncertainty of outcome peiee, the revenue being maximized when
t;(=t, =1) =% and all clubs have equal talent, and again impasdelpfully simple

quadratic specification. With equal distributionatib(mass 2) clubs, each club receives;
b=-mg(t; —t7) (3)

REMARK There are pros and cons associated with taupghe large league modelling
approach compared with any of the approaches toelingl two-club leagues in the
literaturé. Two-club leagues overestimate the extent of egjiat interaction between
individual clubs since each team has only one rwhilst the actual number in reality is
considerably greater. On the other hand, the l&ggue underestimates the extent of such
strategic interactions between individual clubber¢ are none. There seems to be paori
reason to dismiss either type of model — just agpdly and perfect competition models have

¢ (1) could generalise and retain the desired quatitgroperties wittR;(t;.) = m; (tic - %tfc) ,Z > % Local revenue is
then maximized whety, = z > t. As stated, the choice= 1 is arithmetically convenient.

” These approaches are: Walrasian fixed-supply ctgs (Fort and Quirk (1995), Vrooman (1995)); @sitNash
(Szymanski (2004), Szymanski and Kesenne (2004)3tegic market games (Madden (2011)); Cournot sfdlti and
Vrooman (2016, 2017)); wage schedules (BurguetSatavics (2018)).



both enhanced knowledge in industrial economicegaly, so it should be in sports league
economics too. Large leagues, like perfect comipatitare often more easily analysed than
the alternative, which is one reason for their aidophere.

I1.2 The league revenue maximizing talent allocatio

Consider the problem of allocating the available anit of talent to clubs so that the sum of
broadcasting and all local revenues is maximizdis allocation plays an important role in
our analysis, and is described in Lemma 1 below.

Note first that the strict concavity of (1) meahsttall clubs of the same type will get the
same allocation. Thus the problem becomes findiegniaximum with respect tg(= 1 —
t, € [0,1]) of;

R(t;) = Rp(ty) + Ry (t) + R,(1 —ty) (4)
Lemma 1
. . . mi+mpg l )
(a) The league revenue maximizing talent allocatiot is e —— > 2),
2_
(b) The maximum league revenue fis = {2tmetme) “mimz gy

2(mq+my+2mp)

Proof From (1), (2) and (4)R(t;) = mg(t; — t&) + m, (tl — %tf) + %mz(l —t?) and is
strictly concave. Its maximum is whe® (t,) = mg(1 — 2t;) + my(1 —t;) —myt; =0
which givest; = tf; t] >% asm, > m, Substituting inR(t;) and simplifying,R(t;) =
R*>0.m

There are three market size parameters in the magdein, andmg, and comparative static
effects of changes in these values can be tracedettr since the most obvious big changes
over the last forty years have been increasesgnthe comparative statics focus in the rest
of the paper is on these changes, starting with:

Lemma 2
at: . " .. " " 1
(@) =L < 0, with ¢t; declining fromt; = —"— when mz = 0 towardst; == as
ampg mytm; 2

e
(b)%m.

oty my—2mq

Proof < 0 sincem; > my;

amg  (mqi+my+2mp)?

OR* __ 4(mymy+mp(m, +my)+m%)

> 0. []

dmpg (mq+my+2mp)?2

Obviously the revenue generating capacity of tlagule increases witlhh;, and so does the
maximum revenue, as in (b). The effect gnis a natural consequence of the increasing
importance for league revenue generation of thelain consumers and their strong taste for
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uncertainty of outcome; phrasing (a) alternativehgreases inmg imply that the league
revenue maximizing competitive balance increaggsiaaching perfect balanceag — .

11.3 A hypothetical collective bargaining model

We consider bargaining between a player represeataind a club representative. The
utilities of the representatives depend on thentaddlocation and wage. The utility for the
player representative is simply the wage (per ofnialent);

Up(t,w) = w(= 0) (5)
And the utility of the club representative is signgie aggregate profit;
Uc(ty,w) = R(ty) —w(= 0) (6)

These linear in income utilities are thought oftees Bernoulli utility functions of risk-neutral
expected utility maximizers. The zero lower bourmads utilities will be the disagreement
utilities in our bargaining gam%s

In the first of these bargaining games (hypothéticaection 111 will look at the “full” model

of main interest) we think of the two representdivas bargaining over the talent allocation
ti(=1-t, € [0,1]) and wagev where the feasible bargaining agreements are thobe
following sef;

F = {(t, € [0,1,w = 0): R(t;) —w = 0} (7)

F is shown in Figure 1 below, which also shows tgpindifference curves of the player

representative (the dashed horizontal line) andcthb representative (the dashed curve),
tangential whenevey, = t; andw € [0, R*]; thus the efficient bargains are the vertical ®cu

wheret; = t; andw € [0, R"].

w

R*

R(0)

Figure 1; The set F

% In the event of disagreement it is natural to asstivat the league will become inactive; no playeeshired, no games are
played and no revenues are earned. Hence the til@yodisagreement specification.

® For the later full model, this feasible set wébiuce to include only talent allocations and waglish are Walrasian large
league solutions for some levels of RS, SC andl&#f;is, the full model will incorporate the “addital step” mentioned in
the introduction.



From (5) and (6), agreement @t,w) € F produces representative utilities whefg +
Up = R(t,). There is then a function that maponto the following attainable utility s&t,
shown in figure 2:

Disagreement produces (0,0) utilities, and thecieffit bargains correspond to utilities on the
north-east boundary @f.
Uc

R*

R(0) Uu

0 R(0) R Up

Figure 2; The set U

From the celebrated result of Nash (1953), if tlaeghining satisfies the four axioms of
Efficiency, Independence of Irrelevant Alternatives, Symmetng dnvariance to Positive
Affine Transformations then there is a unique wtilbutcome. If, generally, disagreement
utilities generally arel;, d, and the attainable utility set following agreeménis compact
and convex, the outcome maximizes the Nash proglict- d.)(Up — dp) onU.*° In our
cased. = dp = 0, and the Nash bargaining solution for utilitiesclear from figure 2 —
maximization of the symmetric functidit-Up, onU occurs at the midpoint of its north-east

boundary wheré/, = Up = %R*. The corresponding agreementfirhas talent allocatioty
and wage%R*, and is more informative than the utilities sauti
Proposition 1 For the hypotheticatollective bargaining model:
(a) The efficient bargains afg;, w) wheret, = t; andw € [0, R*].
(b) The Nash bargaining solution for the talent allmaand wage is)'? = ¢}, wV8 =
“R".

Thus the (hypothetical) Nash bargain solution priwi is that collective bargaining will
lead to the talent allocation that maximizes leagwenue, and that the player salary share of
that revenue will be 50%.

1% Most expositions of the proof of the Nash bargajrtimeorem assume th@t., dp) € U (which we do not have here) with
some (U¢, Up) € U whereU; > d.,Up > dp. However it is sufficient to assume (as we do hheee) that for every
Uc, UP € 'U, UC 2 dc, UP 2 dp and(Uc, UP) * (dc, dp), W|th UC > dc, Up > dp fOr SOme(Uc,UP) € u
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The effect of increasingug on that prediction is immediate from Lemma 2:

Proposition 2 For the Nash bargaining solution of the hypothétaallective bargaining
model, increases img lead to increased competitive balance and inciepkeyer salaries;

1
asmg — oo, tNE - 3 andw™? = oo,

Il The full collective bargaining model
1.1 The extended framework

The utilities of the representatives are agaimg®) and (6) .The change from section 11.3 is
that the only(t;, w) that are feasible are those that are Walrasiaye llague solutions for
some levels of the RS, SC and SF restrictions, evivez follow the Dietl et al. (2011)
specifications.

(RS) A standard textbook format is assumed, wherabyclubs retain only a fraction
a € [0,1] of their local revenue, the rest going into a npool which is then distributed
equally between all clubs. It is a format that hasn in place for some time in the NFL.

(SC) The (hard) salary cap is denot&@ 0) and restricts all clubs to payrolls that satisfy
th'c < C.

(SF) Similarly the salary floor is haréi(> 0), and restricts all clubs to payrollg;. > F. It
must be thatF < C, otherwise clubs cannot feasibly respect both ¢hp and floor
restrictions.

To progress we need to develop understanding oftthe) that are Walrasian large league
solutions for the various possible levels of th&tnietions. Start with the case of laissez-faire,
where there are no restrictions € 1, with C = 4+, F = 0 for instance). The profits of club
c € 0,1] of typei = 1,2 are;

1
i (tie) = my (tic - Etizc) —Wtic +b 9)

Because of the large league setting, the choiag. ofill have no effect onw, which adjusts
to clear the talent market in the usual Walras@ashion. In addition, for the same large
league reason, the choice f will have no effect on league broadcast incomeroreach
club’s shareb. Thusw and b are parameters in the individual club profit maiziation
problem whose first-order condition is the familiararginal revenue conditionnr; =
m;(1 —t;.) = w if w < m; andt;. = 0 otherwise. Talent demand is the same for all chfbs
the same typet; say, and talent market clearance produces theadiafr large league
solution under laissez-faire;

tf = T yif = Ul (10)
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Profits of each club (now independent profit-maxens) have to be non-negative since,
otherwise, we assume that the league would faindJ&3), (9) and (10) profits of the two
types of firm are indeed positive:

_ m3+mymymg 0 .= m3+mymymg 0 (11)
2(my+my)? 2 2(mq+my)?

It follows that broadcasting revenue has no eftetiither the talent allocation or wage in
(10). It simply goes into owners’ pockets, boostpfits (the right hand sides in (11)
increase withmg). This of course would not happen with win-maximgiclubs, who would
attempt to use the extra cash to boost talent dépeard hence player salaries. But it is an
inevitable and natural consequence of the profikimeing owners assumed here, under
laissez-faire.

Notice also thattif =¢; if mg =0, but t}f > t; otherwise. Thus under laissez-faire
competitive balance is worse than that which maz#®ileague revenue, except in the
absence of broadcasting revenue.

Suppose now there is just one restriction on laiégee, namely our local revenue sharing
arrangement) < a < 1 (with sayC = 400, F = 0). Once again the large league setting has
an important consequence - as with broadcastingnuey, individual club talent demand
decisions have no effect on the aggregate revemareng pool, or their share of it which will
be denoted. Thus the previous profit expression (9) becomes;

1
m;(tic) = am; (tic - EtiZC) —wtie+r+b (12)

The first-order marginal revenue conditionnsr;(a@) = am;(1 — t;.) = w if w < am; and
t;c = 0 otherwise. Again talent demand is the same foclabs of the same type, say, and
talent market clearance produces the Walrasianisoltor revenue sharing:

tRS = T RS — o Tz (13)

mi+my mi+my

Unsurprisingly, this is also the well-known outcoofehe Walrasian fixed supply conjecture
solution concept for a league with just two clubsevenue sharing invariance since there is
no effect on competitive balance, its only impagini a reduction of player salariés.

The size of the pool in our solution (& — )[R, (t&%) + R,(1 — t&5)] and so each of the
mass 2 clubs receive the share %(1 — @)[R,(tRS) + R,(1 — tF5)]. Substituting this and
b in (2) into (12) shows that profits are again pesi

_ (tomi+Q-omi+2(1-a)mimy+2(1-a)mymi+2mym,mp
4(my+my)?

T, >0 (14)

— (1—a)mi+A+a)mi+2(1-a)méimy+2(1—a)m;m3+2m;mymp
2 4(my+my)?

>0 (15)

" However there are differences between the two “Héiin” approaches; in particular with just two slatur first-order
marginal revenue conditiamm; (1 — t;c) = w changes to involvey; too. Our large league approach simplifies as altres
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In the familiar and very useful Quirk-Fort diagritrfigure 3 showsnr;, mr, and, for some
a € (0,1), mry (@), mr,(a);*3 the laissez-faire solution is at point a, andltuais of revenue
sharing solutions is the vertical line ab.

Figure 3: Some Walrasian large league solutions

REMARK Some different revenue sharing arrangemhbat®@ also been used, whereby only
big clubs put into the pool and only small clubseige a share from it, namely in the NHL
and MLB* Although we shall continue in the rest of the grawith the previous textbook
specification, this remark notes that such altéveathave a very different impact, a point
which may be of independent interest. Assume tindy the big clubs contribute a share
(1—-a) €[0,1) of their local revenue into the pool, and eachlsoiab (only) receives an
equal share of that pool. Talent demand from tlgechibs is given again bym,(1 — t;) =

w, but because again of the large league settingfthahe small clubs is just given by

m,(1 — t,) = w. Thus the solution is nowy = ——- = T2 and the effect of this
2

ami+m, ' ami+m
revenue sharing arrangement isihorease competitive balance, whilst still reducing the
talent wage.

A complete account of the talent allocations angesaproduced by the other (SC and SF)
single restrictions, and of all possible doubldrime restrictions, would be very lengthy, but
is not needed in what follows. Lemma 3 below is tMsaneeded, for which we start the
explanation by defining the following subset®f which corresponds to the interior of the

region bounded by abcd in figure 3 plus its boupdaheret; = mmTlm; F={(t,w)E€
1 2

mq mq

1 . ~
Fio <ty < 0 < w < my,t,}. Consider anyt,,w) € F wheret; = . From the

mqi+msy ’ mq+my

RS discussion above (see (13)) we know this wilthee Walrasian large league solution if
there is just one restriction, RS with= Tt

mym;

'2 The diagram originated in Quirk and Fort (1992).

"3 The big club marginal revenues kink up to becoméioad att, = 0; similarly for the small clubs whey = 1. The
vertical sections are not indicated in figure 3.
' See Vrooman (2009, p. 18 and 21), Peeters (201275).
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mq

Now consider anyt,,w) € £ wheret; < e.g. as shown in Figure 4. This point will

m1+m2,

lie on somenr,(a) line witha € (0,1), ay say, as shownyy = % Thus, given this RS,
2t1

small club talent demand &t would bel — t;(< %). But given the RS big club talent

™ __ pecause of

demand would exceed; mr; (ay) (not shown) intersectar,(ay) att; = —
1 2

the revenue sharing invariance result, and big tdidnt demand at in fact exceed;sn’i—lm.
1 2

However big club talent demand would reduce;td there was a SC with = wt,; this SC
will not affect small club talent demand sin€e= wt; > w(1 —t;). Thus (¢t;,w) is the

Walrasian large league solution if there are twsirretions; RS and SC with = ay = —

mytq
andC = wt;.
w mry r
\\ | 2
mry(a N
i )\ > mry (ay)
mry(a;) ~
(@) SooX mr,(Q)
RS
W ” - - H
1 mq
2 tl mq+m, 1 tl

Figure 4: RS,SC and SF for (£;,w) € F

The point(t;, w) will also lie on somenr, («) line with (a differentx € (0,1), a; say where

a;, < ay, as shown; q; = ﬁ Given this RS, big club talent demandwatwould be
1L

t1(> %). But given the RS small club talent demand wowddéss tharl — t;,*> and would
increase tol — t, if there was a SF witlk = w(1 — t;); this SF will not affect big club
talent demand sinceé = w(1 — t;) < wt;. Thus(¢t;, w) is again the Walrasian large league
w

andF = w(1 —t;).

solution with two restrictions, now RS and SF with- «a; = e~
1\t—4

Now suppose thatr € (a;, ay), with the mr () andmr,(a) lines® shown in figure 4.
Given this RS, small club talent demandwatvould be less that — t; (< %), and would
increase tol —t; with a salary floorF = w(1 —t;). And given this RS big club talent
demand would exceed (> %), and reduce to, if there was a SC with = wt;. The SF will

my
my+m,’

' Similar to thexy; case abovenr, (a;) (not shown) intersectar, (a;) att; = and small club talent demandvat

my

is less thai —

my+m,’

16 Because of the RS invariance these lines intesdect=

my
my+m,’
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not affect big club talent demand sinEe= w(1 — t;) < wt;, and the SC will not affect
small club talent demand sinée= wt; > w(1 —t;). Thus(t;,w) is also the Walrasian
large league solution if there are all three restms in place witle € («;, ay), C = wt, and

Hence we have shown;

Lemma 3

mq

(a) The point(t;,w) € F wheret, = is the Walrasian large league solution if there

mi+m,

. s . +
is just one restriction, namely RS with= %
17782
T1_ js the Walrasian large league solution in any

(b) The point(t;, w) € F wheret; <

mq +m2
of the following three cases:

w

0] There are two restrictions, namely RS with= «;, = Y and SF with
1\+—4
F=w(-t),
(i) There are two restrictions, namely RS wih= ay = and SC with

241
C =wty;
(i)  There are three restrictions, namely RS witle (a;, ay), SF with F =
w(1 — t;) and SC withC = wt;.

Two aspects of this result are worthy of comment.

mq

First suppose that a uniqgsg, w) € F wheret; < has been singled out, for instance

mi+my
(as will be the case in the next section) suppbae(t;, w) is the unique Nash bargaining
solution for the talent allocation and wage. Thagspite the uniqueness @f, w) there is a
continuum of possible restrictions (since alE [«;, ;] are possible) between which the
representatives are indifferent. Putting this défely, there are multiple CBA documents
that could accompangt,,w). On the one hand this provides flexibility to allcselection
from the multiplicity in a way that attempts to miatactual CBAs.

Secondly, on the other hand, there is an integstdjunct to the model which reduces the
continuum of possible CBA documents to a singletas, follows. As in the previous

paragraph suppose that a uniqugw) € F wheret, < —=— has been identified, perhaps

mq+my
the Nash bargaining solution for the talent allmratind wage. The two representatives will
get the same utilities from any of the continuumrestrictions in lemma 3(b) that could
accompany(t;,w) in the CBA document. In particular the player es@ntative would be
happy to delegate to the club representative ctafi€e, C, F) from any in the set defined by
lemma 3(b). However although the club represergatiould also be indifferent between all
elements in this set, this is not true of the Highs separately (they would prefer higlaer
and less sharing of revenue) or the small clubarstgly (they prefer lowar). A plausible
response by the club representative is to enteotiaipns with a representative of the big
clubs and a representative of the small clubs, kvhigght be modelled as a Nash bargaining
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game overa € [a;, ay]; again plausibly, failure to agree by the smaillbckepresentative
leads toa = ay, and disagreement by the big club representatiggersa = «;. Since the
sum of big and small club profits is the same awat [, ay], the disagreement payoffs

imply that « =%aL +%aH at this secondary Nash bargaining solution. Werréd this
augmented model ake full collective bargaining model with revenue sharing delegation.
The augmented model thus produces a unique CBAndecuto accompany the assumed
Nash bargaining solutiott;, w); namely, there are three restrictions with= %aL +%aH,

C =wt, andF = w(1 —t;).

[11.2 Efficient bargains and the Nash bargaining sdution

For the full collective bargaining model a subséttloe set of efficient bargains is
immediately identifiable. In the earlier hypothetienodel the efficient bargains were where
t; = t; andw € [0,R*]. In the full model, from lemma 3, the set of tatlallocations and
wages where, = t; andw € [0, m,t;] remains feasible, and since indifference curves a
their tangency points are the same in the full ypbthetical models, it follows that;

Lemma 4 For the full collective bargaining modg(t;, w): t; = t; andw € [0, m,t;]} is a
subset of the set of efficient bargains.

To elaborate on the attainable utility set for fod model, recall that the hypothetical
model’s attainable utility set corresponded to espntative utilities that were attainable via
some agreement ifi; the convex setl was the outcome which would be the same if we
extended to allow agreements which were lottenes &(with expected utilities). However

a problem for the full model is that the attainaiiigity set is not in general globally convex
unless we do extend to allow agreements whichadteries ovefF, which we now do. Then
the attainable (expected) utility set for the fuibdel, U say, is a convex (and compact)
subset ofll. Moreover, lemma 4 ensures tHatmust contain in its north-east frontier the
truncation of the north-east frontier @, namely the slope -1 line joininQUp = R* —
myty, Us = myty) to(Up = R*,U; = 0).

We now introduce a parameter assumption (PA) waitdures that this truncated line (call it
L) contains(Up = %R*, Uec = %R*), namely the utilities at the hypothetical modd\ash
bargaining solution;

Parameter assumption (PA): 1< % < %(3 ++/5) = 2.618 and0 < mp < m, —m, +
2

mim,.
Lemma 5 If (PA) is satisfied therwV® = ZR* < myt; = m,tI'E.
2 2t 241

Proof Using the definitions oR* andt; the inequality%R* < m,t; becomes, after some

rearrangement(—2)? + 1 + (C2)? — 31 4 2 1 28
2 2

ms my my

2% < 0. Treating the left hand side
2
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as a quadratic expression #£ and equating to O reveals a positive Fedt= 1 — = + /ﬂ
ms ms ms mz

(or mg=my, —my +ymm,) if 1< % < %(3 ++/5). The result follows since the
2

quadratic expression is decreasinggﬁ when% <1- % + [ (or mg<m,—my; +
2 2 2 2

mym, ]

The Nash bargaining theorem can now be appliedadtil collective bargaining model with
its attainable (expected) utility sét Sincell contains the line segment L in its north-east

boundary (lemma 4), and since L contains the pdipt= %R*, Uc = %R*) (lemma 5) where
the Nash product contour is tangential to L (ashpeothetical model solution), it follows
that the Nash bargaining solution for the full mddehe same as for the hypothetical model:

Proposition 3 Assume that (PA) is satisfied. Then the Nash bamggisolution for the
hypothetical model is also the Nash bargaining temiuof the full collective bargaining

model: tM8 =t and the talent allocation maximizes league revemd& = %R* and the
player salary share is 50% of league revenue.

(PA) requires that local revenue market sizes ate¢ao dissimilar% < 2.618) and thatng
2

is not too large. Section V.1 will show how theddobn of fixed costs to the model allows
relaxation of both these parameter constraintqairicular allowingmg to reach the very
high levels more appropriate for current realitgr Ehe rest of this section (PA) is assumed.
As my varies in this range, the hypothetical model Nasingaining solutiontM2, w58
belongs taF from lemma 5, and we also know from propositiothat t¥'5 decreases and
wB increases asy increases. From proposition 3 the same is trutheffull collective

bargaining model, and Figure 5 indicates (in ba@dypical locus of its Nash bargaining
solutions.

w
\ mB = mz - m1
1
1
mrq .
1
1
1
1
:
T
l mg =0
1
1
! :
! 1
! |
mro | ,
1 m
0 - L 1 tl
2 mi+m,

Figure 5: Nash bargaining solution locus (in bold) as mpg varies
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Immediate consequences of increases in broadcastinket size on this solution are:

Proposition 4 Assume that (PA) is satisfied. As the size of theaticasting market increases
effects on the Nash bargaining solution for thédallective bargaining model are:

(a) The player salary share of league revenue doeshiawige and is always 50%
(b) Player salaries increase
(c) Competitive balance increases.

Making claims that these findings are in line wathy recent CBA reality in the major North
American leagues is perhaps premature. Neverthelesslo offer some pointers regarding
the conclusions of proposition 4 (and propositidoefow) from recent NFL experience - it is
only the NFL which might fit the bill, since it ithe only league which has adopted our
specification for RS, SC and SF. It is certainlg ttase that NFL broadcasting revenue has
grown massively recently — table 2.1 in Vroomanl{@0shows that annual TV rights fees
went from $476 million (1987-89) to $4,065 milligd012-13) — and one might hope to see
some indications within this period of the compiarastatic effects in proposition 4 (and 5).

Table 2.5 in Vrooman (2011) shows how the ratidotdl player cost to total NFL revenue
has fallen gradually from 56.5% in 2000 to 50.6%2®09. Whilst the 50% number in
proposition 4(a) is in the right ballpark, it isqaite rigid number. In section V.2 we will
recall that it stems from the assumed linearityinnoome of our representative’s utility
functions, and that introducing strict concavity (isk-aversion) allows other numerical
player salary shares to be possible.

It was seen earlier that the laissez-faire regimbib##s an invariance to changes in
broadcasting market size; as; increases neither player salaries nor competha@nce
change. From (b) and (c) in proposition 4 thisadonger true if the regime is instead our full
collective bargaining model. Regarding (b), tablké @ Vrooman (2011) shows how player
costs (salaries and benefits) have indeed incredsedatically from $535 million (1989) to
$4,577 million (2009). Regarding (c), Vrooman (2032 38-40 and figure 5) reports
increased NFL competitive balance post-1998, wpglvard and downward movements but
an upward trend over the longer period.

We now assume that the Nash bargaining solutiothiitalent allocation and wage for our
full model is accompanied by a CBA document whictposes restrictions as described in
lemma 3(biii), so that all three of our restricsoappear in the document. Suppose that (PA)
is satisfied withmg > 0 so that the Nash bargaining solution for the tabdlocation and
wage lies on the bold curve in figure 5. The foliogvdescribes how the CBA document
could change amy increases.

Proposition 5 Assume that (PA) is satisfied, that; > 0 and that(a,C,F) in the CBA
document is as given in lemma 3(biii) whérte, w) is the Nash bargaining solution for the
talent allocation and wage in the full collectivarggaining model. As broadcasting market
size increases effects on the CBA document are:
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(a) F increases.

(b) The ratioF /C increases.

(c) a can remain unchanged if the changenifiis not too large.

(d) If the model is augmented to include delegatedmegesharing thea increases.

Proof

(a) Since increases in broadcast market size isetedrom proposition 4(b) and increase
1 — t; from proposition 4(c)F = w(1 — t;) also increases. (If) = w(1 —t;) andC = wt;
imply % = ti — 1 which increases as broadcast market size incréamasproposition 4(c).

1

(c) Invoking lemma 3(biii), the CBA document thatcampanies the Nash bargaining
solution for (t;,w) with the initial broadcast market size will hawee (a;, ay), F =

w(1l—t,;) and C = wt,. Small changes inng will produce small changes in the Nash
bargaining solutiorit;, w), and hence i;, ay. If the changes are small enough, the original
a will remain in the open intervgl;, ay), and will be part of a new CBA document that can

accompany the new Nash bargaining solution. (d)hVWdi¢legated revenue sharing,=
l w + 1w
2my(1-tq)

of mg, m; andm,, and hence can be written:

. Substituting from lemma 1 into proposition 3 givg¢® andw"? in terms

2mytq

1 1
my(my+mp)  mqi(my+mp)

]

1
a=y [(my + my + mp)? — mym,][

From this an expression f(g?n'% can be derived, and Mathematica confirms Q%n'é-t >0
B B

wheneverf,, m,, mp) satisfies (GPAY. n

Part (b) predicts that that the salary floor aseecgntage of the cap will increase rag
increases. For the NFL this percentage certairdseased between 2006 and 2011 from 84%
to 90% (Vrooman (2011, p.11), and, as in part {ag absolute size of the floor also
increased, as did the cap. Throughout this cenh&WNFL local revenue sharing arrangement
has hada at 0.6, a constancy which is consistent with ga)t part (d) suggests that an
upward movement i (and therefore less extensive revenue sharing)beake direction of
eventual change.

REMARK As noted there is extensive literature whigports results on how exogenous
changes in restrictions affect, in particular, cefitjve balance, with special interest on how
this might increase. The proof of proposition Sigjicates a very simple result that might be
of independent interest. Adopt any of the knownrapgphes to finding solutions for the talent
allocation and wage (for a large league as herra two-club league), and suppose that

is a binding constraint on small club(s) afids a binding constraint on big club(s). Since

E:tl— 1, changes inF and C that increasd’/C will increase competitive balance. In
1
particular, reductions i andC which nevertheless increaB¢C will increase competitive

balance.

7| am grateful to Mario Pezzino for this last point.
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IV Some extensions
IV.1 Relaxing the parameter assumption

Figure 6 shows the limitation imposed by (PA) %ﬁ and% (recalling thatmg = m, —
2 2

my + Jmymy) is the same @82 = 1 — 2 4 |22y,
mz m; msy
mp
m,
(PA) satisfied
Dp_q_Mag M
| / " R
1 m,
1 ;B+v5) =

Figure 6: Limitations imposed by (PA)
The most recent reality, e.g. for NFL, is that lolc@sting revenue exceeds 50% of total
league revenue and is not captured by (PA) whighligamg < m, whereasng > m, +
m, is needed. However we now show that the additidixed costs to the model can solve
this problem. Let; > 0 be fixed costs each club of type= 1,2, and letk = k; + k,. The
inequalityR™ > k rearranges to:

MBy2 mp m_ 5k M Mayz o Kk my
(mz) +2 - (1 o mz) +[1+ T (mz) 2 - (1 + mZ)] >0 (16)
With % = 1 this is true for alf*2 > 0 if mi < %. Moreover the partial derivative of the left hand
2 2 2

side of (16) with respect Bris22+ 14272 — 2% whichis positive for alt > 1if £ <
my my my m; m

my 2

Sl w

Thus (16) holds everywhere#— < %
my
The inequality% (R* — k) < m,t; rearranges to:
m mpg (my k my my k my
(m—f)2+2;j(m—2—1—zm—z)+[1—3m—2+(m—2)2—2m—2(1+m—2)]<o (17)

This quadratic inequality iﬁﬁ is equivalent to:
2

@<1—ﬂ+2£+\/ﬂ—ziﬂ+4(i)2+6i (18)
mp mp m mp My ma mp

mp

Or:my < m, —my + 2k + \Jmym, — 2km, + 4k? + 6km, (19)
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The right hand side of (18) is strictly concavel @ecreasing ilﬁmn—l, and% =0 When% = %(3 +
2 2 2

2k + V5 + 20k + 4k*). Hencethe generalised parameter assumption (GPA), shovigre 7.

Generalised Parameter Assumption (GPA)1 < % < %(3 + 2k + V5 + 20k + 4k*) and
2

OS mB < m2 - m1 + 2k + \/mlmz - kal + 4’k2 + 6km2

mp

mz
144X (GPA) satisfied
m;
2
1 ﬁzl_ﬂ+zi+\/m_ziﬂ+4(i) 6k
my my my my my my my my
1 13+ 2k + V5 T 20k + 4k2) e
2 m,

Figure 7: Limitations imposed by (GPA)

Figure 7 goes back to figure 6 whén= 0 and the curve in figure 7 moves north-eask as
increases.

Hence with fixed costs wheré& S% the hypothetical model will have a positive wagasN
mp

bargaining solution which will remain feasible fitve full collective bargaining model if (GPA) is
satisfied, and the total fixed co&t is apportioned between clubs so that both types ar

. . . . ok 1 .
profitable. In particularmg > m; + m,, or % > 1 +% is now possible if—> -, since
2 2 2

when™ =17 -144% 57
my

my my
IV.2 Varying the players’ share from 50%

A well-known feature of Nash bargaining solutiorss that if one starts from a Nash
bargaining game with two risk-neutral parties (as hvave), and one of the parties becomes
risk-averse then the solution pay-off for that pagbes down; increasing the risk-aversion
worsens the paydf}. For our context a simple example is as follows.

Suppose that the club representative remains asiral, as earlier, but the player
representative utility function becomés (t;,w) = w” where0 < p <1 instead of the
earlierp = 1. The Nash product is now? (R* — w) and its maximum, the Nash bargaining

'® See for instance, section 2.4.1, p.17-19 of OsbanteRubinstein (1990).
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solution, gives}':—i = ﬁ < % Thus the players’ share of league revenue islesesithan 50%,

and worsens as their representative becomes nstiraversed gets smaller).

Alternatively suppose that the player represergatemains risk-neutral, as earlier, but the
club representative utility function becom&s(t;,w) = [R(t;) —w]? where0 <p <1
instead of the earliep = 1. The Nash product i&[R* — w]? and the solution giveRéV; =

1

1
T > player shares above 50% now emerge.

Thus a player share of exactly 50% is not an iatlé consequence of the type of collective
bargaining model proposed here.

IV Conclusions

Motivated by McDonald and Solow (1981) and theréitare on firm/trade union bargaining
in general, the paper has developed a model o&€ole Bargaining Agreements (CBAS) for
the specific context of a North American sportgleawhere such agreements nowadays are
central to the league economic outcomes; analy®ffioient bargains and (mainly) the Nash
bargaining solution have been the focus.

The model draws significantly also on various aspexd the sports league literature: its
starting point is a standard textbook framework nereggregates of playing talent are all that
matters and the total talent available is fixechveih endogenous and uniform wage per unit
of talent, and where clubs earn local revenues ftair fans; given its increasing importance
over the last 40 years, we have taken a lead frestePs (2015), and introduced league
broadcasting revenue which responds more posititelincreases in competitive balance
than individual club local revenues, and which aflectively negotiated by the league with
broadcasters, equal shares going to clubs; the Infedealso borrowed from Dietl et al.
(2011) in selecting three particular restrictiofmc#l revenue sharing, a salary cap and a
salary floor, respectively for short RS, SC and 8¥r which a player representative and a
club representative bargain, the agreed outcorappear in the CBA document.

Compared to McDonald and Solow (1981) an additiomadielling step is needed. The player
and club representatives have utility functiong tiepend on the talent allocation (captured
by t; in the paper) and wagev) that result in the league, but the only sgchw) that the
parties can attain, with the corresponding utiitiare those that ensue from choice of the
available restrictions. Understanding the mappiramf RS, SC and SF to solutions for
(t;,w) (and hence utilities) is the additional step neetteallow investigation of efficient
bargains and Nash bargaining solutions. To fatglitthis analysis we have used the
Walrasian large league approach of Madden (2011521® finding how solutions fait,, w)
depend on the three restrictions.

Some of the findings are independent of the callecbargaining main focus. (a) The
incorporation of broadcasting revenue in a larggle led to an invariance result. As this
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revenue increases each clubs (equal) share oéd gp but is independent of individual club
decisions since they have a negligible influence large league; the revenue increase has no
impact on individual club marginal revenues andaassult under laissez-faire, it will have
no impact on(t;,w), merely boosting club profits. A first questionr fthe collective
bargaining alternative to laissez-faire is whetliempredicts something more realistic,
particularly regarding player salaries. (b) In ¢tagal revenue sharing arrangement, all clubs
contribute the same share of their local revenua fmool, which is then shared equally
between all clubs. Whilst this mirrors the currédfEL arrangement, other leagues have
adopted an alternative whereby only big clubs ppg¢rentage of their local revenue into the
pool and only small clubs receive a (equal) shafreit.oThe impact of (exogenous)
introduction of such an alternative arrangementassez-faire is tancrease competitive
balance. (c) For the large league, or indeed for ahthe two-club league modelling
approaches in the literature, if a salary dapefkogenous) is a binding constraint on big clubs
and a salary floorH, also exogenous) is binding on small clubs, tlexogenous) increases
in the ratioF /C will increase competitive balance, eveii indC decrease.

The collective bargaining analysis faced the tezdinproblem that the attainable utility set
was not globally convex, a problem not found in MecRld and Solow (1981). An
assumption on parameters overcame the problem, Msgely by forcing the Nash
bargaining solution into a convex region of the #etthat solution: (d) the talent allocation is
that which maximizes league revenue, and (e) thgeplsalary share of league revenue is
50%. Further results reported on how increasesh@ dize of the broadcasting market
(captured bymg) would affect competitive balance, player salafies. t; and w) and the
levels of RS, SC and SF that would appear in thé @Bcument, as follows. (f) The player
salary share of total league revenue is 50% and doechange witlmy. (g) Player salaries
and competitive balance both increase, unlikedieséz-faire case in (a) above. (h) The ratio
of the salary floor to the salary cap goes up ds)imbove, but so does the salary floor itself.
(i) The fraction of local revenue provided by eatiib to the RS pool may remain constant if
the increase inmg is not too great; however that fraction goes daithe model is
augmented to allow a final decision on the fractimn be delegated by the player
representative to negotiation between the clubesgmtative and the clubs themselves.

Whilst some pointers have been offered to sugdmdtthe results of the previous paragraph
may have plausibility regarding recent NFL CBA bigt and whilst suggestions have been
made as to how the currently rigid 50% player sakdrare and the parameter assumption
might be relaxed, it is premature to make any seriaims that our results “fit the facts”. As
far as the author knows this is the first papet éttempts to predict CBA content, and it begs
subsequent development in a number of directioosiristance, the model has assumed that
the specific RS, SC and SF restrictions are whanishe bargaining table. What if further
restrictions are added, or substituted? Is it jpbssp provide endogenous determination by
the representatives of what is on the table? Agectlexplanations of why the different North
American sports leagues use different restrictidh&hoped that the broad methodology of
this paper may allow answers to these and othestigus.
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