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Abstra
t: This paper provides an e
onomi
 explanation of the frequent rule 
hanges

in the Formula One (F1) motor ra
ing series. In a two-stage model, the FIA (as the

organizer of the F1) �rst de
ides whether to 
hange the rules or not, and then the ra
ing

teams 
ompete in a 
ontest. It turns out that a rule 
hange redu
es the teams' perfor-

man
es, but also improves 
ompetitive balan
e between the teams. The rule 
hange is

implemented, if the FIA's revenue gain from the latter e�e
t over
ompensates the FIA's

revenue loss from the former e�e
t. We provide empiri
al eviden
e from F1 seasons in

the period 1950-2003 whi
h supports the main impli
ations of the model.

JEL 
lassi�
ation: D43, L83

key words: Formula One, Competitive Balan
e, Contest

aThe present study was 
arried out while Camilla Mastromar
o was Marie Curie Resear
h Fellow

at the Department of E
onomi
s, University of Muni
h. We thank Ulri
h Woitek for several 
om-

ments whi
h 
onsiderably improved the paper. We also appre
iate the helpful suggestions of seminar

parti
ipants at the University of Lee
e and at the University of Muni
h. All errors remain our own.

bCamilla Mastromar
o, Department of E
onomi
s and Quantitative Methods, University of Lee
e,

E
otekne, via per Monteroni, 73100 Lee
e, Italy, email: 
.mastromar
o�e
onomi
a.unile.it


Mar
o Runkel, Department of E
onomi
s, University of Muni
h, Ludwigstr. 28/Vgb./III, 80539

Muni
h, Germany, email: mar
o.runkel�lrz.uni-muen
hen.de (
orresponding author)



1 Introdu
tion

The Formula One (F1) motor ra
ing series has be
ome big business. It started with

the 1950 season, in whi
h 7 ra
es were followed by spe
tators at the 
ir
uits only.

Today, a F1 season 
onsists of 17 ra
es and its television audien
e runs to billions.

A

ording to FIA (1999), for instan
e, the ra
es of the 1999 season (in
luding training

and qualifying) attra
ted over 57 billion television viewers in 206 di�erent 
ountries.

Most league sports like so

er or football have a smaller audien
e sin
e they are usually

subje
t to national interest only. The So

er World Championship and the Olympi


Games rea
h similar television rates. But they take pla
e every four years only. The

F1 series is therefore one of the world's most followed sport events. By selling broad-


asting rights and attra
ting sponsors, the organizer of the F1 series, the F�ed�eration

Internationale de l'Automobile (FIA), transforms this fan interest into a huge revenue.

It is estimated that the FIA's average annual TV revenue (without other revenue from

e.g. mer
handising and sponsoring) amounts to 510 million US$.1

A remarkable feature of the F1 series is the tenden
y to frequent rule 
hanges. In

the past 13 years there were on average 8 
hanges per season.2 It is apparent that

these rule 
hanges often impede the performan
e of the ra
ing teams. Examples are

all regulations whi
h restri
t the te
hni
al 
apability of the 
ars, e.g. the de�nition of a

maximum bodywork height/width in 1969 and a minimum 
o
kpit dimensions in 1972,

the ban of ele
troni
 
ontrol in 1994 and the redu
tion of engine 
apa
ity in 1995. The

FIA as the rule setting organization often justi�es this kind of regulation by the safety

of drivers and, indeed, the F1 ra
es have be
ome 
onsiderably safer. Today, only one

in every 300 a

idents is serious or fatal, 
ompared with one in every ten a

idents in

the 1950s and 1960s. But there were other rule 
hanges whi
h 
an hardly be justi�ed

by safety arguments. In the 2003 season, for example, the number of qualifying rounds

per driver was redu
ed to one and the teams were no longer allowed to 
hange settings

of the 
ars between the qualifying session and the ra
e. Hen
e, the teams 
ould not

improve the setup of the 
ar by e.g. 
hanging tyres or quantity of fuel. Su
h rule

1Day, J., 'Formula One Teams to Fight Pay-TV Plans', Media Guardian, February 22, 2002.

2Detailed information on rule 
hanges and the information on a

idents whi
h we provide below


an be found on the website http://www.f1te
hni
al.net.

1




hanges usually redu
e the performan
e of the teams, but have less to do with the

safety of drivers.

The major aim of this paper is to provide an e
onomi
 explanation of su
h rule


hanges. We develop a two-stage model of a F1 season. At the �rst stage, the FIA

de
ides whether to 
hange the rules or not. In doing so, it maximizes its broad
asting

revenue whi
h is positively 
orrelated with the fan interest. The fan interest, in turn, is

in
reasing in the performan
e of the ra
ing teams and in 
ompetitive balan
e between

the teams. The FIA's de
ision in
uen
es the out
ome at the se
ond stage where ra
ing

teams with di�erent abilities 
ompete for a trophy money whi
h the FIA �nan
es out of

its broad
asting revenue. The team 
ompetition is modelled as a 
ontest �rst 
onsidered

in the rent-seeking literature by Tullo
k (1980). A rule 
hange is represented either by a

uniform redu
tion in the teams' abilities or by a redu
tion in the dis
riminatory power

of the 
ontest. A de
rease in the dis
riminatory power means that the out
ome of the

team 
ontest is determined to a larger part by 
han
e. It turns out that rule 
hanges

redu
e the teams' performan
es, but also improve 
ompetitive balan
e. Consequently,

the FIA de
ides to implement the rule 
hange, if its revenue gain from the latter e�e
t

outweighs its revenue loss from the former e�e
t.

Using a dataset on the F1 seasons 1950-2003, we empiri
ally test this theoreti
al

model by estimating its two main impli
ations. First, the theoreti
al model predi
ts

that rule 
hanges at the beginning of a season are the more likely and the more 
om-

prehensive, the smaller 
ompetitive balan
e has been in the previous season. We test

this impli
ation by using a Poisson model and show that a unit in
rease in the stan-

dard deviation of points s
ored by the teams in a F1 season signi�
antly raises the

expe
ted number of rule 
hanges in the next season by about 3%. Se
ond, we use an

OLS regression to test the impli
ation that rule 
hanges at the beginning of a sea-

son improve 
ompetitive balan
e during the season. This will be done for both kinds

of rule 
hanges whi
h the FIA distinguishes, namely the so-
alled 'safety regulations'

and 'other regulations'. We �nd a signi�
antly positive impa
t of the rule 
hanges on


ompetitive balan
e. A 10% in
rease in the number of safety regulations redu
es the

standard deviation of points s
ored by the ra
ing teams by 2.8%, while a 10% in
rease

in the number of other regulations redu
es this standard deviation even by 5.6%.
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In re
ent years, there is a rapidly growing literature on sports e
onomi
s (for ex
el-

lent surveys see Fort and Quirk, 1995, and Szymanski, 2003), but we are unaware of

any study fo
using on (F1) motor ra
ing. This literature mainly analyses the impa
t

of spe
i�
 measures like e.g. revenue sharing on 
ompetitive balan
e in league sports.

Studies inquiring into the optimal regulation of the dis
riminatory power or the 
ontes-

tants' abilities are not available. Also the growing literature on optimal 
ontest design

(e.g. Dasgupta and Nti, 1998, Amegashi, 1999) does not yet provide su
h studies. An

ex
eption is Mi
haels (1988) who 
onsiders the optimal 
hoi
e of the dis
riminatory

power in a symmetri
 
ontest. Sin
e all players are identi
al, however, his 
ontest is

always balan
ed and there is no s
ope for improvements in 
ompetitive balan
e whi
h

is the driving for
e of our results.

The paper is organized as follows. In Se
tion 2 we brie
y des
ribe the organization

and the basi
 rules of the F1 series. Se
tion 3 develops and analyses the theoreti
al

model. The predi
tions of this model are tested in Se
tion 4 and Se
tion 5 
on
ludes.

2 Organization and Basi
 Rules of the F1

The 
ontrolling organization of the F1 motor ra
ing series is the F�ed�eration Interna-

tionale de l'Automobile (FIA) with the headquarters in Paris.3 One of the main tasks

of the FIA is to set the rules of the F1 series. It usually de
ides before a new season

whether and, if so, whi
h rules of the previous season should be 
hanged. Another

important task of the FIA is the marketing of the broad
asting rights of the F1 series.

Until 1996, the FIA itself sold these rights to broad
asting stations. In 1996, the FIA

handed these rights for a period of 14 years to private 
ompanies owned by Bernie E
-


lestone. But E

lestone is one of the vi
e presidents of the FIA, and in this position

he is jointly responsible for the rule setting. Hen
e, also after 1996 the rule setting

institution (the FIA) is in some sense responsible for selling the broad
asting rights.

There are several teams 
ompeting in the F1 series. A team is allowed to parti
ipate

with two 
ars. It employs me
hani
s who set up the 
ars and the other te
hni
al

equipment, and drivers who are still important although the su

ess of a team is by

3All the following information on the F1 series 
an be found at the website www.�a.
om.
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now largely determined by the te
hni
al quality of the 
ars. The main revenue sour
e of

the teams is sponsoring. The leading teams usually experien
e 
omprehensive support

from 
ompanies of the automobile industry (Ferrari, BMW, Renault, et
.). Payments

re
eived from the FIA represent another important revenue sour
e for the ra
ing teams.

The FIA shares a part of its broad
asting revenue with the ra
ing teams a

ording to

their rankings at the end of the season. This revenue sour
e 
overs about 20% of the

teams' total 
osts.

The ranking of the teams is determined as follows. A F1 season 
onsists of 17

events. An event usually lasts for three days. During the �rst two days the drivers

have free pra
ti
e and qualifying sessions. The ra
e itself takes pla
e on the third day.

The drivers' starting positions in the ra
e are determined by their performan
e in the

qualifying sessions. The driver who registers the fastest qualifying time starts from the

pole position followed by the driver with the se
ond qualifying time and so on. The

drivers get points a

ording to their rankings at the end of the ra
e. For instan
e, in

the season 2003 the �rst eight ranks of a ra
e get points whi
h go down from 10 to

1. At the end of a season, the FIA awards two titles. In the drivers' 
hampionship,

drivers a

umulate the points s
ored in the 17 ra
es of the season and the driver with

the most points wins the title. In the 
onstru
tors' 
hampionship, ea
h team adds

together the points s
ored by its drivers and the title is awarded to the team with the

largest number of points.

3 Theoreti
al Model

Based on the information given in the previous se
tion, we view a F1 season as a two-

stage pro
ess. At the �rst stage, the FIA as the organizer of the F1 series de
ides

whether to 
hange the rules of the previous season or not. At the se
ond stage, the

ra
ing teams take the rules as given and 
ompete in a 
ontest in hope of obtaining

(a part of the) broad
asting revenue 
olle
ted by the FIA. This two-stage pro
ess

is solved re
ursively in order to obtain a subgame-perfe
t solution. In doing so, we

assume that the FIA and the teams are pro�t maximizer. An argument in favor

of pro�t-maximizing behavior of the ra
ing teams is that they are often under the


ontrol of pro�t-maximizing 
ompanies of the automobile industry. The transfer of the

4



broad
asting rights to pro�t-maximizing 
ompanies may be seen as an indi
ation that

pro�t 
onsiderations play a role in the rule setting of the FIA.

3.1 Stage 2: Team Competition

The team 
ompetition is modelled as a 
ontest. To make our point, it suÆ
es to fo
us

on a 
ontest with two teams. We expli
itly model the 
onstru
tors' 
hampionship only

and ignore the drivers' 
hampionship. A team is therefore treated as a single player.

E�ort of team i = 1; 2 is denoted by ei. It re
e
ts the salary of the drivers and the


ost of developing and produ
ing the 
ars (e.g. material 
ost and the salary of the

me
hani
s). Team i's e�e
tive amount of e�ort is represented by �iei. The parameter

�i may be interpreted as team i's ability of transforming e�ort into e�e
tive units. We

assume �1 > �2, i.e. team 1 is more able than team 2. Su
h a di�eren
e in abilities may

have several reasons. For example, a team might have better engineers whi
h develop

a more powerful 
ar than the engineers of the other team. Another reason, whi
h we

will refer to below, is the di�erent su

ess in previous seasons. It is often the 
ase that

a team is the more experien
ed and thus the more able in the present season, the more

su

essful it has been in the past. Su
h a 'learning-by-winning' e�e
t is in parti
ular

relevant for the F1 series sin
e the ability to realize a good performan
e of the 
ars and

the drivers depends to a high degree on trial and error.

The performan
e of team i is denoted by hi. It is an in
reasing fun
tion of team i's

e�e
tive e�ort a

ording to the relation hi = (�iei)
r with r > 0. Performan
e hi 
an

best be viewed as an aggregate of several indi
ators whi
h des
ribe the 
hara
teristi
s

of team i's 
ars and drivers. Examples for su
h indi
ators are the maximum speed, the

horsepower or the air drag 
oeÆ
ient of team i's 
ar, the physi
al and mental strength

of team i's drivers, the minimum time a driver of team i needs for the qualifying round

on a 'representative' 
ir
uit or the inverse of the failure rate of team i's 
ars during

the ra
es of the F1 season. More loosely speaking, hi re
e
ts the ability of team i to

optimize the intera
tion between the drivers' and the 
ars' performan
e su
h that they

perform well in a typi
al ra
e of the F1 series.

The teams expend resour
es in hope of winning (a part of) the trophy money v >

0. This trophy money is �nan
ed by the FIA out of its revenue from selling the
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broad
asting rights. It is divided among the teams a

ording to their su

ess during

the season. To model su
h su

ess-orientated payments in a simple way, we assume

that ea
h team obtains a share of v whi
h re
e
ts the team's share at total points. For

example, if a team a
hieves 20% of total points, it also gets 20% of the trophy money

v. Furthermore, we assume that team i's share at total points, pi, equals the share of

its performan
e at total performan
e of both teams, i.e.

pi =
hi

hi + hj

=
(�iei)

r

(�iei)r + (�jej)r
; i; j = 1; 2; i 6= j: (1)

The larger team i's performan
e relatively to team j's performan
e, the larger is team

i's share at total points. From an ex ante point of view, pi 
an be interpreted as team

i's winning probability and piv is expe
ted trophy money of team i.

A

ording to equation (1), the parameter r may be interpreted as dis
riminatory

power of the 
ontest. It measures to what extent the 
ontest out
ome is determined

by 
han
e and to what extent by the teams' e�ort levels. In the extreme 
ase of

r !1, the 
ontest is perfe
tly dis
riminating. E�ort is then the only determinant of

the 
ontest out
ome and the team with the higher e�e
tive e�ort level wins all points.

For instan
e, if �iei > �jej, then r!1 implies pi = 1 and pj = 0. In 
ontrast, e�ort

does not in
uen
e the 
ontest out
ome at all if r! 0. The winning probabilities of the

teams are then pi = pj = 1=2 and the 
ontest out
ome is determined solely by 
han
e.

To put it another way, the smaller the dis
riminatory power r, the less sensitive is the


ontest out
ome to variations in e�ort levels and the larger is the in
uen
e of 
han
e.

Expe
ted pro�t of team i equals the team's expe
ted trophy money less the 
ost of

e�ort.4 If the latter is assumed to be identi
al to the e�ort level, then team i's expe
ted

pro�t may be written as

�i(ei; ej) = piv � ei =
(�iei)

r

(�iei)r + (�jej)r
v � ei; i; j = 1; 2; i 6= j: (2)

Team i 
hooses e�ort su
h that its pro�t (2) is maximized. In doing so, it takes as

given the e�ort of team j and the rules set by the FIA at stage 1 of the F1 season.

4For simpli
ity, we ignore other important revenue sour
es of the teams like sponsoring and adver-

tising. It is straightforward to in
lude these sour
es in our model. But this would merely 
ompli
ate

the analysis without adding further insights.
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As will be argued in more detail below, the rules of the 
ontest determine (or at least

in
uen
e) the parameters v, r, �1 and �2.

In solving the team 
ontest, we look for a pure-strategy Nash-equilibrium. The

equilibrium is determined by the �rst- and se
ond-order 
onditions of the teams' pro�t

maximization. These 
onditions read

�i
ei
(ei; ej) =

r�i(�iei)
r�1(�jej)

r

[(�iei)r + (�jej)r℄2
v � 1 = 0; (3)

�i
eiei

(ei; ej) =
r�2

i (�iei)
r�2(�jej)

r[(r � 1)(�jej)
r � (r + 1)(�iei)

r℄

[(�iei)r + (�jej)r℄3
v < 0; (4)

for i; j = 1; 2 and i 6= j. The �rst-order 
ondition (3) immediately implies that in

equilibrium both teams 
hoose the same e�ort, i.e. e1 = e2 =: e�. The 
losed-form

solution for equilibrium e�ort 
an be 
omputed from (3) as

e� =
r�r

1�
r
2v

(�r
1 + �r

1)
2
: (5)

Sin
e team 1 is more able than team 2, it realizes a higher performan
e and a higher


han
e of winning. Inserting e� into (1) gives the equilibrium winning probabilities

p�1 =
�r
1

�r
1 + �r

2

>
�r
2

�r
1 + �r

2

= p�2: (6)

Using (5) and (6) in (2) yields equilibrium pro�ts

�1� =
�r
1[�

r
1 + (1� r)�r

2℄

(�r
1 + �r

2)
2

v >
�r
2[�

r
2 + (1� r)�r

1℄

(�r
1 + �r

2)
2

v = �2�: (7)

Hen
e, equilibrium pro�t of team 1 is larger than that of team 2. For e� to be a

pure-strategy Nash-equilibrium, pro�ts of both teams have to be non-negative at e�.

Equation (7) implies that �1� > �2� � 0 if and only if

r � 1 + �r
2=�

r
1 < 2: (8)

We suppose the parameters r, �1 and �2 satisfy this 
ondition throughout. Note that

the se
ond-order 
ondition (4) is then satis�ed as well, implying both teams attain a

pro�t maximum at e�. To sum up, if 
ondition (8) is satis�ed, then e� from (5) is the

unique Nash-equilibrium of the team 
ontest.

7



3.2 Stage 1: Contest Regulation

Having solved the team 
ontest, we now turn to the rule setting of the FIA at the

�rst stage of the F1 season. The larger the fan interest in the F1 ra
es, the larger is

the pro�t a broad
asting station 
an realize with the TV 
overage of the ra
es and

the larger is the willingness-to-pay of the station for the broad
asting rights of the F1

series. The revenue of the FIA from selling broad
asting rights is therefore positively


orrelated with the fan interest in the F1 series. The fan interest, in turn, is in
reasing

in two variables. First, fans are interested in ra
es with high performan
es of the

teams. For example, if the maximum speed of the 
ars is high, the number of viewers

will usually be larger than in 
ase where the 
ars are quite gammy. Se
ond, fans like


lose 
ompetition. The more un
ertain the out
ome of the F1 season, the more ex
iting

is the season and the larger is the number of people who are willing to follow the ra
es.

To put it the other way round, if it is almost 
lear from the outset whi
h team will win

the 
hampionship, then the F1 season is rather uninteresting for the fans.

To model these properties, we assume that the FIA's revenue from selling the broad-


asting rights is a fun
tion R(a�; b�) where

a� = h�1 + h�2 =
(rv�r

1�
r
2)

r

(�r
1 + �r

2)
2r�1

(9)

is total performan
e of both teams in the 
ontest equilibrium and where

b� = p�1 � p�2 =
�r
1 � �r

2

�r
1 + �r

2

(10)

is the equilibrium di�eren
e in winning probabilities of the teams. Note that b� > 0

due to �1 > �2. The inverse of b� 
an be viewed as a measure of the 
loseness of the

F1 season or, equivalently, of 
ompetitive balan
e between the teams. The smaller b�,

the more equal are the winning probabilities of the teams and the 
loser or the more

balan
ed is the 
hampionship. The FIA's revenue fun
tion R is supposed to satisfy

Ra(a
�; b�) > 0; Raa(a

�; b�) � 0; (11)

Rb(a
�; b�) T 0 , b S 0; Rbb(a

�; b�) < 0 (12)

where subs
ripts indi
ate partial derivatives. Due to (11), the FIA's revenue is in
reas-

ing and non-
onvex in total performan
e. Equation (12) states that, for given total

8



performan
e, the FIA's revenue is maximized in the even 
ontest with both teams hav-

ing the same winning probability. Deviations from the even 
ontest redu
e the FIA's

revenue at in
reasing rates. These properties of R re
e
t the above mentioned impa
t

of total performan
e and 
ompetitive balan
e on the FIA's revenue.

Pro�t of the FIA may be written as R(a�; b�)�v. It equals the broad
asting revenue

of the FIA less the trophy money divided among the teams. The FIA sets the rules

of the F1 in order to maximize its pro�t. In doing so, it a

ounts for the impa
t the

rules have on equilibrium performan
e and 
ompetitive balan
e spe
i�ed in (9) and

(10), respe
tively. As already mentioned above, the rules of the 
ontest determine the

trophy money v, the dis
riminatory power r and the teams' abilities �1 and �2. To

�x our ideas, we suppose throughout that the trophy money v is exogenously given.

Pro�t maximization is then equivalent to maximization of revenue R(a�; b�). More-

over, we investigate the regulation of the dis
riminatory power and the regulation of

abilities separately. It should be noted, however, that our results qualitatively remain

un
hanged when the FIA determines v, r, �1 and �2 simultaneously.

Regulation of the Teams' Abilities. Let us �rst suppose the dis
riminatory power

r is exogenously given. The rule setting of the FIA may then in
uen
e the teams'

abilities �1 and �2 only. A prominent example is the one already mentioned in the

introdu
tion. Sin
e the season 2003, the F1 teams are no longer allowed to 
hange the

setting of the 
ars after the qualifying. It is therefore not possible to employ experien
es

gained during the qualifying session in order to adjust the 
ar to the spe
i�
 
onditions

of the 
ir
uit. Obviously, this rule 
hange negatively a�e
ts the teams' abilities �1 and

�2. To model su
h a rule 
hange, we assume

�i =
1


i + �
; i = 1; 2; with � � 0 and 
1 < 
2: (13)

The parameter 
i re
e
ts the inverse ability of team i in the status quo, i.e. without a

rule 
hange of the FIA. The variable � indi
ates the rule 
hanges. If the FIA 
hooses

� = 0, then the rules of the previous season remain un
hanged. In 
ontrast, � > 0

stands for the 
ase in whi
h the FIA de
ides to 
hange the rules. This rule 
hange is

the more 
omprehensive, the larger is � . The spe
i�
ation of the teams' abilities in

(13) seems to be very spe
ial. It has, however, a straightforward interpretation. If we
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de�ne xi := �iei, then ei = (
i + �)xi. Inserting this into team i's pro�t fun
tion (2)

yields �i(�) = piv � (
i + �)xi. Hen
e, 
i may be interpreted as team i's unit 
ost of

e�ort and the rule 
hange parameter � works like an in
rease in unit 
ost.

The FIA sets � su
h that its revenue is maximized. The asso
iated maximization

problem reads

max
�

R(a�; b�) s.t. (9); (10) and (13): (14)

We want to know whether the optimal value of � is zero (no rule 
hange) or stri
tly

positive (rule 
hange). To solve the maximization problem, the FIA needs to �gure out

the impa
t of the rule 
hange parameter on total performan
e and 
ompetitive balan
e

in the 
ontest equilibrium at stage 2. From (9), (10) and (13) we obtain

sign

�
da�

d�

�
= sign

�
r(
2 � 
1)�

(
2 + �)1+r + (
1 + �)1+r

(
2 + �)1+r � (
1 + �)1+r

�
= �1; (15)

sign

�
db�

d�

�
= sign

�

1 � 
2

�
= �1: (16)

The sign in (15) follows from the existen
e 
ondition (8). It implies that total perfor-

man
e is harmed when rules are 
hanged, i.e. when � in
reases from zero to a stri
tly

positive value. But this is not the only 
onsequen
e of a rule 
hange. A

ording to (16),


ompetitive balan
e is improved. The reason is that the relative advantage of team 1

(measured by �1=�2 = (
2 + �)=(
1 + �)) de
lines. The 
hanges in total performan
e

and 
ompetitive balan
e have two opposing e�e
ts on the FIA's revenue. On the one

hand, the redu
tion in total performan
e lowers the revenue sin
e viewers prefer teams

with high performan
e. On the other hand, the improvement in 
ompetitive balan
e

raises the revenue sin
e viewers like 
lose ra
es. If the se
ond e�e
t over
ompensates

the �rst e�e
t, then the FIA has an in
entive to 
hange the rules of the previous season.

To formally prove this assertion, we 
onsider the Kuhn-Tu
ker 
onditions for the

pro�t maximization problem (14). These 
onditions read

Ra(�)
da�

d�
+Rb(�)

db�

d�
� 0; �

�
Ra(�)

da�

d�
+Rb(�)

db�

d�

�
= 0; � � 0: (17)

The term 
ontaining Ra represents the revenue loss of a rule 
hange due to the de-


rease in total performan
e. (11) and (15) imply that this term is negative. The term
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ontaining Rb stands for the revenue gain of a rule 
hange due to the improvement in


ompetitive balan
e. It is positive a

ording to b� > 0, (12) and (16). If the latter

e�e
t is negligible, then the solution to the Kuhn-Tu
ker 
onditions is � � = 0, i.e. no

rule 
hange. In 
ontrast, if the revenue gain from the in
rease in 
ompetitive balan
e

is large enough, then � � > 0 and the FIA 
hanges the rules of the previous season.

For our empiri
al analysis it is desirable to know how the di�eren
e in the teams'

abilities in
uen
es the optimal 
hoi
e of the FIA. Unfortunately, our model does not

allow a 
losed-form solution for � sin
e the dis
riminatory power r is not ne
essarily

equal to one. But we 
an gain some insights if we 
hoose a spe
i�
 fun
tional form of the

revenue fun
tion and then simulate the FIA's de
ision. Consider the linear-quadrati


revenue fun
tion R(a; b) = 
a � Æb2. Setting v = 1000, r = 0:4, 
 = 1 and Æ = 200,

we obtain the simulation result summarized in Table 1. These results indi
ate that a

Table 1: Simulation Results for the Regulation of Abilities


1 9 8 7 6 5 4 3 2 1


2 10 10 10 10 10 10 10 10 10

� � 0 0 0 3.59 7.83 12.26 16.86 21.61 26.49

rule 
hange is the more likely and the more 
omprehensive, the larger the di�eren
e in

abilities. The intuition is straightforward. For a small di�eren
e in abilities, the team


ontest is relatively balan
ed even without a rule 
hange. The negative e�e
t of a rule


hange on total performan
e would than be more important than the positive e�e
t

on 
ompetitive balan
e and the FIA does not have an in
entive to alter the rules. In


ontrast, if team 1's predominan
e is large enough, 
ompetitive balan
e without a rule


hange is quite worse. The FIA 
an then gain more revenue if she tightens the rules

su
h that the teams' abilities de
line and the ra
es be
ome 
loser. Further simulations

show that this result is very robust against variations in the parameter values. In fa
t,

we did not su

eed in 
onstru
ting a 
ounterexample.

It should be noted, that a similar result is obtained in Runkel (2003), but the fo
us

there is on the 
ase r = 1. Our simulations indi
ate that the result remains true for

other values of r. This is important sin
e we now turn to the 
ase where the FIA may

regulate the dis
riminatory power su
h that r need not ne
essarily be equal to unity.

11



Regulation of the Dis
riminatory Power. Suppose now the abilities of the teams

are �xed and the FIA only has the option of regulating the dis
riminatory power r.

The FIA frequently used this kind of regulation in the past. The most obvious example

has already been mentioned in the introdu
tion. Sin
e the season 2003, the qualifying

on the day before the ra
e 
onsists of one round per driver only. The out
ome of the

qualifying and, thus, the out
ome of the ra
e itself is therefore mu
h more in
uen
ed

by 
han
e. For example, if a driver makes a mistake in his only qualifying round or

if the weather 
onditions in this round are fairly bad, it is no longer possible to try

better in another round. This kind of regulation 
an be modelled by assuming

r = �� � with � � 0: (18)

� re
e
ts the dis
riminatory power in the status quo without a rule 
hange. The rule


hange variable is now represented by �. If the FIA 
hooses � = 0, then the rules

remain un
hanged. In 
ontrast, the 
ase � > 0 indi
ates a rule 
hange whi
h redu
es

the dis
riminatory power, i.e. whi
h makes the 
ontest out
ome more dependent on


han
e and less dependent on the teams' e�ort levels.

The FIA's pro�t maximization now reads

max
�

R(a�; b�) s.t. (9); (10) and (18): (19)

To solve this problem, the FIA needs to know the impa
t of the rule 
hange parameter

� on the equilibrium of the team 
ontest. The impa
t of � on equilibrium performan
e

is not unique. From (9) and (18) it 
an be shown that da�=d� is negative, if the

di�eren
e in abilities is suÆ
iently large. But it may be positive, if the di�eren
e in

abilities is relatively small. With respe
t to 
ompetitive balan
e we obtain from (10)

and (18)

sign

�
db�

d�

�
= sign

�
ln�2 � ln�1

�
< 0: (20)

Hen
e, 
ompetitive balan
e is improved when the dis
riminatory power de
lines through

a de
rease in �. The reason is straightforward. A redu
tion in the dis
riminatory power

means that the out
ome of the team 
ontest is less sensitive to variations in the teams'

e�ort levels. The advantage of team 1 due to its higher ability then be
omes less

important and 
ompetitive balan
e in
reases.
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This positive e�e
t of redu
ing the dis
riminatory power allows the same argument

as in 
ase of ability regulation. Tightening the rules may exert a negative e�e
t on

the FIA's revenue, if total performan
e de
lines. But there is also a positive e�e
t on

the FIA's revenue sin
e the 
hampionship be
omes 
loser. If the latter e�e
t over
om-

pensates the former, then the FIA has an in
entive to 
hange the rules of the previous

season. Formally, this 
an be seen from the Kuhn-Tu
ker 
onditions of problem (20).

These 
onditions are the same as the 
onditions in (17), ex
ept for repla
ing � by �.

To �gure out the impa
t of the di�eren
e in abilities on the FIA's 
hoi
e, we are again

restri
ted to numeri
al simulation. Consider the linear-quadrati
 spe
i�
ation of the

revenue fun
tion and suppose v = 20 and � = 
 = Æ = 1. The simulation results are

summarized in Table 2. We obtain similar results as in 
ase where the FIA regulates

Table 2: Simulation Results for the Regulation of Dis
riminatory Power

�1 10 30 50 70 90 110 130 150 170

�2 1 1 1 1 1 1 1 1 1

�� 0 0 0 0.03 0.06 0.08 0.10 0.11 0.12

the teams' abilities. The more asymmetri
 the teams are, the more likely is it that the

FIA 
hanges the rules of the previous season and the more 
omprehensive are the rule


hanges. The intuition is also exa
tly the same as in 
ase of ability regulation. In a

rather symmetri
 
ontest, 
ompetition is already 
lose and the FIA 
an gain only less

with a redu
tion in dis
riminatory power of the 
ontest. In 
ontrast, if there are quite

asymmetri
 teams, then the in
rease in the FIA's revenue due to the improvement of


ompetitive balan
e is large enough to outweigh the (possible) revenue de
rease due to

a de
line in the performan
e of the teams.

4 Empiri
al Analysis

In order to empiri
ally test the theoreti
al model, we o�er the following interpretation

of the results. Table 1 and 2 show that rule 
hanges are the more likely and the more


omprehensive, the larger is the di�eren
e in abilities of the ra
ing teams. Moreover,

we argued that the di�eren
e in abilities is in
uen
ed, among other things, by the

13



di�erent su

ess of the teams in the previous season. Hen
e, if 
ompetitive balan
e in

the previous season was low (i.e. the di�eren
e in su

ess was large), then the di�eren
e

in abilities in the present season would be large and the FIA is strongly in
lined to


hange rules before the season. In sum, we obtain

Hypothesis 1. The smaller 
ompetitive balan
e in season t � 1, the more likely and

the more 
omprehensive are rule 
hanges at the beginning of season t.

A se
ond predi
tion of the model 
on
erns the impa
t of rule 
hanges on the equilibrium

of the team 
ontest. Equation (16) and (20) show that 
ompetitive balan
e is improved

by rule 
hanges and that this improvement is the larger, the more 
omprehensive the

rule 
hanges are. Hen
e, we obtain

Hypothesis 2. The more 
omprehensive rule 
hanges are at the beginning of season

t, the better is 
ompetitive balan
e between the teams during season t.

After a rule 
hange the teams will try to improve their performan
e within the new

set of rules. Sin
e a more able team will do this with more su

ess than a less able

team, after a while (say, one or two seasons later) 
ompetitive balan
e is worsened

again. If the de
rease in 
ompetitive balan
e is too large, we return to Hypothesis 1

and the FIA re
eives an in
entive to 
hange rules again. By Hypothesis 2 this would

again improve 
ompetitive balan
e and so on. In sum, we obtain a kind of 
at-and-

mouse game between the teams and the FIA. This game might explain the frequent

rule 
hanges we observe in the F1 series.

To test these hypotheses, we use data on F1 seasons from 1950-2003. The data 
om-

prise information on safety and te
hni
al regulations at the beginning of ea
h season,

on points s
ored by the teams during ea
h season and on the number of fatal a

idents

during ea
h season.5

5The data on points have been 
olle
ted from the F1 website at http://www.formulaone.free-

online.
o.uk/index.html. The remaining data 
an be found on the F1Te
hni
al website at

http://www.f1te
hni
al.net. We do not estimate the impa
t of rules 
hanges on the FIA's broad-


asting revenue or the fan interest measured e.g. by the number of viewers. The reason is that the

FIA does not publish su
h data. Some broad
asting stations published data on the number of viewers.

But these data are available for a few years and 
ountries only.
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4.1 Testing Hypothesis 1

Hypothesis 1 identi�es 
ompetitive balan
e in season t � 1 as a motivation for rule


hanges at the beginning of season t. The safety of drivers is another motivation for

rule 
hanges. We did not take into a

ount this motivation in our theoreti
al model,

but in the empiri
al analysis we have to 
ontrol for it sin
e the FIA often justi�es rule


hanges by safety 
onsideration. Hen
e, the explanatory variables in testing Hypothesis

1 are 
ompetitive balan
e and the safety of drivers in season t�1. Competitive balan
e

in season t � 1 is measured by the standard deviation of points s
ored by the teams

in season t � 1. This is the same indi
ator of 
ompetitive balan
e as we used in the

theoreti
al model.6 The drivers' safety in season t � 1 is measured by the number of

serious or fatal a

idents in season t� 1.

The dependent variable in testing Hypothesis 1 is the magnitude of rules 
hanges at

the beginning of season t. Rule 
hanges 
omprise both the introdu
tion of new rules

and the modi�
ation or abolition of existing rules. Of 
ourse, the rule 
hanges di�er

with respe
t to their impa
t on the out
ome of the ra
es. For example, the restri
tion

of the engine 
apa
ity usually has another impa
t as the de�nition of a maximum

bodywork height. But it is impossible to exa
tly determine the impa
t of every single

rule 
hange. We therefore 
hoose a pragmati
 pro
edure and measure the magnitude of

rules 
hanges in season t simply by the number of rules whi
h are modi�ed, introdu
ed

or abolished at the beginning of season t. The underlying assumption is that the

average impa
t of the rule 
hanges is the same in every season.

The number of rule 
hanges is a dis
rete variable. Su
h 
ount data are usually

treated within the framework of the Poisson regression model (e.g. Amemiya, 1986,

Greene, 1993). Following this approa
h, we denote the number of rule 
hanges at the

beginning of season t by RCt and the probability that RCt is equal to nt 2 f0; 1; 2; : : :g

6In the two-player 
ontest, the standard deviation of p�
i
equals b

�
=2. The standard deviation of

winning per
entage is a widely used measure of 
ompetitive balan
e in sports 
ontests (see Fort and

Quirk, 1995, and Szymanski, 2003). Other measures in
lude the standard deviation of winning per-


entage relative to an idealized standard deviation (S
ully, 1989, Quirk and Fort, 1992, and Vrooman,

1995), the Gini 
oeÆ
ient (Quirk and Fort, 1992), relative entropy (Horowitz, 1997), the Hirs
hman-

Her�ndahl index (Depken, 2002) and the ratio of the sum of standard deviations of team performan
e

through time to the sum of within season standard deviations of win per
entage (Humphreys, 2002).
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by

Prob(RCt = nt) =
e��t�nt

t

nt!
(21)

where ln�t = �x0
t�1

. The ve
tor � = (�0; �1; �2; �3) 
ontains the 
oeÆ
ients to be

estimated. The explanatory variables are listed in xt�1 = (1;ACt�1;Dt�1ACt�1; SDt�1)

where SDt�1 and ACt�1 denote the standard deviation of points s
ored by the teams in

season t� 1 and the number of serious or fatal a

idents in season t� 1, respe
tively.

The number of a

idents enters our regression dire
tly and by the 
omposed variable

Dt�1ACt�1 where Dt�1 is a dummy variable equal to 0 for t � 1970 and 1 for t > 1970.

For the seasons up to 1969, the impa
t of the number of a

idents on the rule setting of

the FIA is therefore represented by �1 while for the seasons after 1969 it is represented

by �1 + �2. The motivation for this spe
i�
ation is that in the F1 seasons up to 1969

many drivers were killed in the ra
es, but the FIA did not rea
t with safety regulations.

Only thereafter the FIA be
ame aware of the danger for the drivers and introdu
ed

more safety regulations.

For the interpretation of the 
oeÆ
ients �, note that E(RCt) = VAR(RCt) = �t =

e�x
0

t�1 . It follows � = [�E(RCt)=�xt�1℄=E(RCt). Hen
e, � shows the per
entage


hange in the expe
ted number of rule 
hanges at the beginning of season t 
aused

by a unit in
rease in the explanatory variables. Estimating the 
oeÆ
ient yields the

results depi
ted in Table 3. All 
oeÆ
ients are signi�
ant and the signs are as expe
ted.

Table 3: Poisson Model for Testing Hypothesis 1

Dependent variable: RCt


oe�. std.err. t-statisti
 p-value 95% 
onf. interval


onstant (�0) 0:444 0.092 4.800 0.000 [ 0:262 ; 0:625 ℄

ACt�1 (�1) �0:211 0.026 �8:21 0.000 [�0:261;�0:161 ℄

Dt�1ACt�1 (�2) 0:431 0.026 16:360 0.000 [ 0:379 ; 0:483 ℄

SDt�1 (�3) 0:028 0.002 15.270 0.000 [ 0:025 ; 0:032 ℄

Notes: (i) observations: 53, (ii) log likelihood = -1592.094, (iii) pseudo R2=0.159.

Before 1970, the lagged number of a

idents had a negative impa
t on the expe
ted

number of rule 
hanges, sin
e the FIA did not 
are about the safety of drivers. The
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impa
t of the number of a

idents on the FIA's rule setting after 1970 is represented

by �1 + �2 = �0:211 + 0:431 = 0:22. Hen
e, an additional fatal a

ident in
reases the

expe
ted number of rule 
hanges by 22%. This 
on�rms that safety 
onsiderations play

a role in the rule setting of the FIA. However, the 
oeÆ
ient of the lagged standard

deviation of points is also positive. This implies that the expe
ted number of rule


hanges at the beginning of a season is the larger, the smaller 
ompetitive balan
e has

been in the previous season. More spe
i�
, a unit in
rease in the standard deviation

of points in
reases the expe
ted number of rule 
hanges by 2.8%. This result provides

empiri
al eviden
e for Hypothesis 1 derived from our theoreti
al model.7

The results in Table 3 identify the drivers' safety and 
ompetitive balan
e as moti-

vation for rule 
hanges in the F1 series. To �gure out whi
h of these two motivations

was more important in the past, we have to 
ompare the number of a

idents and

the variation in 
ompetitive balan
e. During the seasons 1970-1989, 24 drivers lost

their lives in fatal a

idents, whereas the standard deviation in the dispersion of points

amounted to 8.223. Hen
e, during this time period the drivers' safety was the main

motivation for the frequent rule 
hanges in the F1 series. In 
ontrast, in the seasons

1990-2003 only two drivers were killed, but the standard deviation in the dispersion

of points was still 8.211. Consequently, relatively to the drivers' safety, 
ompetitive

balan
e be
ame mu
h more important as motivation for rule 
hanges.

4.2 Testing Hypothesis 2

The se
ond hypothesis states that rule 
hanges at the beginning of a F1 season improve


ompetitive balan
e during the season. This hypothesis is tested by an OLS regression

model. The number of rule 
hanges at the beginning of a season is 
hosen as explanatory

variable. Sin
e the rule 
hanges in our data set are divided into rule 
hanges regarding

the drivers' safety and other rule 
hanges, we use this information and distinguish

between the number of safety regulations in season t, SRCt, and the number of other

regulations at the beginning of season t, ORCt.
8 The dependent variable is 
ompetitive

7We also test for overdispersion in the Poisson regression model. The hypothesis that E(RCt) =

Var(RCt) 
annot be reje
ted on the basis of the likelihood ratio test.

8We did not use this information in testing Hypothesis 1. The task there was to �nd out the

motivation behind rule 
hanges and distinguishing between types of regulation would bias the results.
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balan
e in season t, again measured by the standard deviation of points s
ored by the

teams, SDt. In sum, we obtain the regression equation

ln SDt = �0 + �1 ln SRCt + �2 lnORCt + �t: (22)

Sin
e this equation is formulated in log-values, the 
oeÆ
ients �1 and �2 represent

the elasti
ity of the standard deviation of points with respe
t to the number of safety

regulations and the number of other regulations, respe
tively.

The results of our estimation are displayed in Table 4. These results provide 
lear

Table 4: OLS Model for Testing Hypothesis 2

Dependent variable: ln SDt


oe�. std.err. t-statisti
 p-value 95% 
onf. interval


onstant (�0) 4:731 0:460 10:29 0:000 [ 3:691 ; 5:771 ℄

ln SRCt (�1) �0:263 0:150 �1:76 0:112 [�0:602 ; 0:075 ℄

lnORCt (�2) �0:524 0:241 �2:18 0:058 [�1:070 ; 0:021 ℄

Notes: (i) observations: 131; (ii) R2= 0:3537

eviden
e for Hypothesis 2. An in
rease in the number of rule 
hanges at the beginning

of a season makes 
ompetition between the F1 teams 
loser and improves 
ompetitive

balan
e during the season. More spe
i�
, a 10% in
rease in the number of other

regulations redu
es the dispersion of points by 5.24%. This e�e
t is highly signi�
ant

at the 5% level. A little bit surprisingly, even safety regulations have a positive impa
t

on 
ompetitive balan
e. A 10% in
rease in the number of safety regulations redu
es

the standard deviation of points by 2.63%. Although this e�e
t is signi�
ant at the

10% level only, it yet supports Hypothesis 2 and, in addition, may be viewed as a

further indi
ation that the motivation behind rule 
hanges is not always the safety of

drivers: Even if a rule 
hange is de
lared as safety regulation, it helps to render the F1


hampionship 
loser and, thus, the true motivation behind the rule 
hange might be


ompetitive balan
e between the teams instead of the drivers' safety.
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5 Con
lusion

This study provides for the �rst time an e
onomi
 analysis of the F1 motor ra
ing series.

The main question was to theoreti
ally and empiri
ally determine the motivation for the

frequent rule 
hanges in the F1 series. In the �rst part, we developed a theoreti
al model

in whi
h the motivation for rule 
hanges was 
ompetitive balan
e between the teams. In

this model, a rule 
hange at the beginning of a F1 season has two e�e
ts. It redu
es the

performan
e of the ra
ing teams and improves 
ompetitive balan
e. The broad
asting

revenue of the organizer, the FIA, is redu
ed by the former e�e
t and in
reased by

the latter. Hen
e, if the revenue gain from the in
rease in 
ompetitive balan
e is

suÆ
iently large, the FIA re
eives an in
entive to 
hange the rules. In the se
ond part,

we empiri
ally estimated this theory for the F1 seasons 1950-2003. It turned out that,

beside the drivers' safety, 
ompetitive balan
e is a signi�
ant determinant of the rule

setting behavior of the FIA. The expe
ted number of rule 
hanges at the beginning of

a season is high, when 
ompetitive balan
e in the previous season has been low. It was

also shown that rule 
hanges at the beginning of a season exert a signi�
ant positive

impa
t on 
ompetitive balan
e during the season, even if the rule 
hanges are de
lared

as safety regulation.

What is the 
urrent situation in the F1 series? During 1999-2002 there was a

dominan
e of the Ferrari team whi
h won the 
onstru
tors' 
hampionship and also

the drivers' 
hampionship (with the ex
eption of 1999). Consistent with our analysis,

the FIA implemented 
omprehensive rule 
hanges at the beginning of the season 2003

and, even though Ferrari won the titles also in 2003, the 
hampionship in this season

was mu
h more balan
ed. But in the 
urrent season (2004) the Ferrari team regains

its dominan
e. Its driver Mi
hael S
huma
her already won 8 out of the �rst 9 ra
es.

If this development 
ontinues, then we expe
t 
omprehensive rule 
hanges in one of

the next seasons and perhaps they will look like those proposed by Bob Kravitz, the


ommentator of The Greenville News: 'Next year Mi
hael S
huma
her must drive with

a bag of gro
eries at his knees and a 
ell phone aÆxed to his ear. Or maybe, just to

make it interesting, he should be for
ed to drive in the other dire
tion.'
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