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Abstract

In money management, agents are often evaluated periodically on the basis of their
relative performance. In this paper, we analyze competition between two money managers
over two investment periods. We show that in first period, managers maximize their ex-
pectcd return. In the second period, managers'incentives are influenced by the nature of
the competition. If managers' objectives are linear in relative performances, then managers
maximize their expected return. Conversely, if managers have ranking-based objectives (as
iu a tournament), they do not maximize their expected return. We derive conditions on
intermediate performances under which managers play conservative strategies (low mean
and lou- variance) and overly-risky strategies (low meazi and high vaziance). Our restilts
suggest to test further fund managers' behaviour, in particular, the influence of ranking
objectives on investment decisions.

Keywords: ranking-based objectives, intermediate performance, conservative strategy, overly-
risky strategy.
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1 Introduction

It is well known that money management. is an activity in which agents are evaluated ac-

cording to relative performances. As observed by Lakonishok, Shleifer and Vishny (1992)
"The objective difficulty in evaluating money managers' performance and separating '`luck"

from "skill" create agency problems between institutional money managers and fund spon-
sors. Typically, money managers aze evaluated against each other."

The relative performance evaluation of fund managers often generates relative performance
objectives for the ftmd managers. This happens, for example, if managers receive asset-
based compensations (see Khorana (1996, Section2)) and investors' choice of fiutds is posi-
tively correlated to funds' past relative performances. (See Ippolito (1992), Sirri and Tuffano
(1993), Chevalier and Ellison (1997), Lettau (1997) and Massa (1997))~

The goal of the paper is to answer the following questions. How does the relative perfor-
mance objective influence managers' investment strategies? Do managers act in the interest
of fund investors? If not, how do they behave? Do they play overly-risky strategies or are
they too conservative?

To answer these questions we develop a model in which, during two investment periods, two
fund managers are compensated on the basis of the size of assets under management and
compete for funds to manage in the future. At the end of the second investment period,
investors observe managers' aggregate performance, and choose funds on the basis of man-
agers' performances. Managers are aware of the way investors pick funds and also observe
the performance of their opponent at the end of the first period. There are three investment
strategies available in each period. A risk-free strategy (low mean and zero variance), a
"good" strategy (high mean a small variance) and an overly-risky strategy (low mean and
higlt variance).

We show that if managers' objectives are not linear in relative performances then, in the
second investment period, managers do not act so as to maximize the return of the funds,
i.e., enanager do not always play the good investment strategy. More specifically, we show
that ranking-based objectives (as in a tournament) generate incentives not to maximize ab-
solute performance. These ranking-based objectives may be generated by the way investors

pick funds. As shown by Massa (1997), ranking seems to be the main criterion used by
investors to pick funds.

'The relativr, performance objective is also consistent with Zwiebel's (1995) argument that managers derive

reputation from good relative performance.
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If objectives aze lineaz in performances, then managers act in the intetest of invPStors. This
result is related to that of Holmstróm and Milgrom (1987), the intuition being that if ob-
jectives are linear in performances then incentives are independent of past performances.

Then, we characterize how managers "deviate" from return maximization when they have
ranking-based objectives. If the difference in performances in the first period is large, the
intermediate winner has incentives to minimize the level of risk undertaken in the second
period to lock in his gain of the first period. In other words, the winner has more to lose
than win by taking risks in the second period.

If the difference in performances is small, the best. reply of the intermediate winner is to
"follow" the loser if the loser "deviates" from the good strategy. That is, if the loser plays
either the overly-risky strategy or the risk-free strategy, then the best reply of the winner
is to play the same strategy as the loser. If the loser plays the good strategy, t.he best reply
of the winner is either to play the good strategy or the risk free strategy. The best reply of
the intermediate loser is to "differentiate" himself from the winner. That is, if the winner
plays the risk-free strategy, the best reply of the loser is either to play the good strategy or
the overly-risky strategy. If the winner plays the overly-risky strategy then the best reply
of the loser is to play either the risk-free or the good strategy.

Given the best replies of the winner and the loser to strategies played by their opponents, the
winner and the loser play mixed strategies, in equilibrium. We show that, if the difference
in expected retutns between the overly-risky strategy and the good-strategy is relatively
sulall and differences in volatility are relatively large, then in equilibrium, both managers
randomize betwcenn the good and the overly-risky strategy in the second period.

These results establish that the tournament structure of the competition provides incentives
for managers not to act in the interest of investors but also t.hat an intermediate loser may
act "more" in the interest of investors than an intermediate winner.

R.anking-based objectives may not be the only source of distortion in incentives. As shown
in a companion paper (Palomino and Prat (1998)), limited liability also generates incentives
for managers no to act in the interest of investors. However, the type of deviation from
absolute performance maximization generated by limited liability is different from those
generated by ranking-based objectives.
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The organization of this paper is as follows. Section 2 reviews the related literature. Section

3 presents the model. Section 4 derives the equilibria when mangers have ranking-based

objectives. Section 5 considers the case in which funds mazrager have objectives which de-

pends on both rankings and the extent of t.he relative success. Section 6 studies competition

between managers with different levels of inforrnation. Section 7 concludes.

2 Related literature

A growing body of literature studies the nmtual fund tournament both theoretically and

empirically.

On the empirical side, Brown, Harlow and Stark (1996) and Chevallier and Ellison (1997)

provide evidence that the mutual fund tournament generates incentives for managers not

to act in the interest of investors. Assuming that managers are evaluated on a yearly basis,

Brown, Harlow and Starks provide evidence that mid-year "losers" increase fund volat.ility

in the latter pazt of the year to a greater extent than mid-year "winners". Chevallier and

Ellison study how relative performance after three quarters of the year influence investanent

strategy in the last quazter. Considering two-year-old funds, they show that funds that are

somwhat behind the market increase risk to a greater extent than funds t.hat are ahead of

the market. Our model fully captures this pattern and stresses that distorted incentives

(with respect to those of investors) are generated b ranking-based objectives rather than

relativcLperformance based objectives.

Closely related theoretical papers studying relative performance evaluation in financial mar-

kets are those of Huddart (1998) and Palomino (1997). Huddart consider a t.wo-period

model in which, at the end of the first period, risk-averse investors reallocate their wealth

between two futtds after having observed tlre perforntance of each fund. It is shown that

asset-based compensation schemes generate incetttives for managers to invest in overly-

risky portfolio and that performance fees align managers' incentives with those of investors.

There are two main differences between Huddart's model and ours. First, we consider

only asset-based compensation schemes. Second, we analyze a situation in which (i) man-

agers make several investment cíecision before their performance is observed by investors,

(ii) managers observe their intermediate relative performance and (iii) all agents are risk-

neutraL The consequences on the results aze twofold. First, in Huddart's model, managers

have onty incentives to deviate from maximizing investors' utility in the first investment

period (since in the second investment period, managers' incentives are fully aligned with

those of investors by assumption). Conversely, in our model, managers have incentives to
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deviate from maximizing investors' utility in both periods. However, we show that. compe-
tition between the managers align their incentives with those of investors in the first period

while information about intermediate performances generates incentive not to act in the
interest of investors in the second period. Second, in Huddart's model, managers deviate
from utility maximization only in the direction overly-risky strategies. Conversely, we de-
rive conditions under which managers deviate from utility maximization in the direction of
either overly-conservative or overly-risky strategies.

Palomino (1997) considers a market in which furrd matragers with different levels of informa-
tion compete in an oligopolistic market and aim at maximizing their relative performance

rather than their absolute perfonnance. He shows that the relative performance objective
provides incentives to play overly-risky strategies. The main difference with our model is
that we consider dynamic competition and highlight how differences in performances in the

early period influence investment strategy in the late period.

Das and Sundazam (1998) study another aspect of the competition in the mutual fund in-

dustr,y: the fee structure. They consider a model in which fund managers use fee structures
to signal theic higher ability. They provide conditions under which investors are better off
under an incentive fee regime than under a"fulcrum" fee regime. There are three main
differences between Das and Sundazam's paper and ours. First we assume that the fee
structure is fixed: managers receive asset-based compensation. Second, managers signal

their ability with their realized return. Third, in our model, managers make several invest-
ment decisions.

Our results should be compared with those of Cabral (1997) on the choice of RêzD projects.
Cabral considers an infinite-period race between two firms who choose between low variance

projects (low gains with high probability) and high variance projects (large gains with low
probability). If the two firms choose a project of the same type then outcomes are perfectly
correlated. Cabral derives conditions under which the optimal strategy of the intermedi-
ate winner is to "follow the loser" while that of the loser is to differentiate himself from
the winner. In equilibrium, both firms choose overly risky RBtD strategies (Proposition

3). There are three main differences between Cabral's model and ours. I'irst, in Cabral's
model, players have an infinte horizon and receive a payoff in every period. It follows that
strategy choices are not influenced by an "end of the game" effect. As a matter of fact, in

Cabral's model, an intermediate loser knows that he wil! catch up with the winner at. some
point in time with probability 1. However, before catching up, the loser will receive lower

payoffs. Conversely, in our model, players face an end of the game. Hence, the probabil-
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ity for an intermediate loser of catching up with an intermediate winner is always strictly
lower than one. Fhrthermore, there are no intermediate payoffs. Hence, players' objective

is to be ahead at the end of the game. Second, we do not assume a perfect correlation
of returns if the two managers undertake the same level of risk. Hence, in our model,

managers face a trade-off between expected return and variance while in Cabral's model,
agents face a trade-off between expected return and co-variance. Third, in Cabral's RBzD
race, projects' payoffs are different only in case of success. If projects fail, the costs faced

by firms are independent of the projects chosen. This implies that an intermediate loser
only catches up with the leader if a good outcome is realized. The situation is different in
the mutual fund tournament. An intermediate loser has two ways of catching up with the

winner: by wínning more in case of good outcomes or by losing less is case of bad outcomes.

The consequences of dynamic incentive and relative performance evaluation have also been

studied by Meyer and Vickers (1997). They show that in a dynamic principal-agent re-
lationship, relative performance evaluation can be either welfaze increasing or decreasing.

The reason is that in a dynamic setting , there may be both explicit and implicit. incen-
tives and better information may decrease implicit incentives. Our model is different from
that of Meyer and Vickers in two ways. First, in their model, the principal observes the

performance of the agents at the end of the first period. In our context, if investors ob-
serve fund performances at the end of the first period, then managers always act in the
interest of investors. Intermediate performances do not affect investment decisions.we do
not question whether relative performance evaluation in the money management industr,y
is right. Second, in our model, portfolio decisions are costless, i.e., they do not require any

effort from fund managers. This is different from standard principal-agent. models in which
agents'output results from an costly effort.

Finally, our model is different from models of herding of Scharfstein and Stein (1990) and
F'toot, Scharfstein and Stein (1992). First, in our model, agents moves simultaneously and

not sequentially as is the case in Scharfstein and 5tein. As a consequence, when making
his investment decison, a manager does not observe what is the investment decision of his
opponent. Second, in Froot, Scharfstein and Stein (1992), incentives to herd are driven

by short term investment horizons. When traders have "long" horizon, then the infor-
mationally efficient outcome is reached. In our model, managers have long horizons and

inefficiencies aze generated by the relative performance evaluation.
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3 Presentation of the model

There are two periods, 1 and 2, and at the beginning of each period there are three types
of feasible investment strategies: a risk free strategy (hereafter, 0), low variance strategies
and high variance strategies. A priori, all strategies have the same expected value V. In
each period, there are two low-variance strategies ( A and B). These two strategies have
the same distribution: with probability 1~2, the liquidation value Vq ( VB) of strategy A
(B) is Vp and with probability 1~2, it is VL (V~ G Vy). Hence, V - (V~ ~- VH)~2. In
each period, there is one high variance strategy (C). The liquidation value (V~) of C is
distributed as follows. With probability 1~2, Vc - Vy ~- K ( with K E ( 0, 2(VH - VL)) and
with probability 1~2, U~ - V~ - K. Strategies are chosen at the beginning of a period
and the liquidation value of the strategy is realized at the end of the same period. The
liquidation values across strategies and across time are uncorrelated.

There are two risk-neutral fund managers who make investment decisions at the beginning
of each period and aze compensated at the end of period 2 on the basis of their relative
cumulative performance.

Private Injormation. At the beginning of each period, fund managers receive private infor-
mation about the true value of eithet strategy A or B. Manager i(i - 1, 2) gets a signal
about strategy A with probability 1~2 and about strategy B with probability 1~2. For sim-
plicity, we assume that managers only get "good news" in the sense that if the true value
of strategy V~ (J - A, B) is Vy, then they are informed that with probability N E(1~2, 1),
the value of strategy J is Vy and with probability (1 - p) it is V~.

Managers have information of the same precision about the true value of a strategy but
they may be informed about different strategies. The idea is to model agents with the same
skills, but who may be heterogeneously informed.

Compensation Schemes:

Denote 0;,~ the difference in performance between manager i(i - 1, 2) and his opponent in
period t(t - 1, 2). We consider two alternative compensation schemes. First, compensation
is fully based on rankings

If 0;,1 f ~;,2 G 0, F(~;,1 t 0;,2) - ~
If ~;,1 - t- 0;,2 - d, F(D;,i t 0;,2) - I~2
If O;.t t 0;,z ~ 0, F(O;,t f 0;,z) - I

(1)

This compensation scheme is of the type "the winner gets all". Hence, the objective of a
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fund rnanager is only to perform better than his opponent. The reward is independent of
the extent of the telative success.

The second compensation scheme we consider is such t.hat a fund manager takes into account.
both his ranking and his relative performance.

F(O;,r -~ O,,z) - Max { 0, Min I 2-~ ~',12X .,z Il ~ (2)

with X 1 0.

[Insert Figure I]

This compensation scheme is such that if the difference in performance is relatively small

in absolute value (lower than X) then, then compensation is proportional to the relative
performance. If the difference in performance between manager i and his opponent is larger
than X, then the compensation is independent of the relative performance, hence only based
on ranking. In such a case, manager i receives a compensation of 1 and his opponent a
compensation of 0.

It follows that the larger X the larger the "weight" of the relative performance component
and the lower the weight. of the ranking component. As X converges to zero, compensatiai
scheme ( 2) converges t.o (I) and compensation is solely based on ranking. Com~ersely, given
the liquidation values of the investment strategies, if X~ 2(Vy - VL f 2K), then compen-
sations are firlly proportional to the difference in performances.

These compensat.ion schemes capture the following idea in a simple framework. First, in-
vestors use rankings and relat.ive performances as niles of thumb to evaluate funds and
allocate capital into funds. (See Ippolito (1992), Sirri and Tuffano (1993), Chevalier and
Ellison (1997) and Lettau (1997) for empirical evidence of such a behavior.) Second, fund

managers are risk-neutral agents who are compensated on the basis of the size of the fund
they manage. Hence, their objective is to maximize the size of the fund they manage. If
investors pick fund according to their rankings, then managers' compensation as a function
of performances is given by (1). If investors according to both rankings and extent of thc
relative success, we represent managers' compensation as a function of performances by (2).

The objr~caive of managers is to choose investment strategies so as to maximize F and not
to rnaximize their profit. However, we assume that if a maanger is indifferent between two
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strategies, he chooses the one with the highest expected payoff.

Inforrnattion about realized relative performance. After assets are liquidated at the end of
period 1, managers oberves both their performance and the performance of their opponent.

This assumption together with the assumption of prive information implies that in the first
investment period, managers use only information about the true value of strategies to make
an investment decision while in the second period, they use both their private information
and their information about their relative performance.

To keep the model simple, we assume that in both periods, managers only have the possi-
bility to buy one unit of one strategy. However, managers can randomize between several
strategies. This implies that the riskiness of a strategy is only represented by the variance
of the strategy. The quantity traded which also influences the expected return and the
variance of the strategy is not taken into account here.

Mnrket organization. Trading takes place in competitive markets. The quantities traded
by fund managers represent a negligible fraction of the aggregate demand. The price is set
by a risk-neutral market maker who observe the aggregate order flow. It follows that in
both periods, the market price of strategy J is

P~-(VyfVf)~2-V J-A,B,C

4 R,anking-based evaluation

If fund evaluation and managers' compensation are fully based on rankings, the objective of
a manager is to perform better than his opponent. Managers have to make two investment
decisions. In the first. period, their difference in performance is always zero. Hence, the
investment decision only depends on private information. Conversely, in the second period,
the investment decision aslo on the relative performance realized in the first period. It
follows khat the game played by the two managers in the first petiod is symmetric while
they play an asymmetric game in the second period if they have not performed equally well.

Given the information struct.ure, the problem faced by managers (in both periods) is to
choose between the strategy about which they are informed (hereafter strategy I)2, C and

2It is straightforward that if a managera is informed about A( B) in a given period, then playing A(B) strictly
dominates playing B (A).
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0. Let 0 denote the difference in realized profit between the better performing manager

(hereafter the "Winner") and the worse performing one (hereafter the "Loser") at the end

of the first period. The subgame played by the two managers in period 2 is such that the

set of pure strategies is S-{0,l,C} and the payoffs IIii.(sw, s~~K, 0) and II~,(si, sw~K, 0)

represent the probability for the intermediate winner and loser, respectively, of winning the

contest.

The questions we want to answer are the following. Do managers deviate from absolute
performance maximization? If yes, how do they deviate (i.e., do they play overly-risky
strategies are are they too conservative)?

Denote Q, and ry, the probability that the Winner and the Loser play pure strategy s E S at
time 2. If managers maximize their absolute performance, then they play pure strategy !.
If they deviate from this, managers choose between three types of mixed strategies: overly-
risky strategies (xf 1 0, xc 1 x0 ? 0), overly-conservative strategies (x~ 1 0, x0 ~ xc ? 0)
and zero-profit strategies (x~ - 0, x0 1 0, and xc ? 0) with x-(3, ry.

We will say that manager 1 plays a better strategy than manager 2 if the expected return
of the strategy played by manager 1 is larger than that played by manager 2. We have the
following results.

Proposition 1: Assunae that managers' compensation scheme is given by (IJ.
(i) In all subgame perfect equilibria, managers maximize their absolute performance in the
first period.
(ii) There exists a subgame-perfect equiliónum such that in the second period, if 0 - 0,
then Aoih managers maximize their nbsolute performance and iJ 0 1 0 then,
- if K G 0.5(Vy - V~) , the Winner chooses the risk-free stmtegy and the Loser marimizes
his absolute performance.

- if K E [0.5(Vy - V~), (Vy - V~)], both managers play a zem-pmfit stmtegy. F30 - 70 -
l~c-1c-0.5
- if K 7 Vtt - V~, the Winner chooses a zem-profit strategy (~-,Oc - 0.5) while the
Loser plays an overly-risky strategy (ry~ - yc - 0.5)

Proof: See Appendix A

In the first period, managers always maximize their absolute performance. The reason is
that if manager i plays ! and his opponent does not play !, then the probabilility for man-
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ager i to win the contest is strictly larger than 1~2 while it is equal to 1~2 if his opponent
plays I. Hence, ! ís a strictly dominant strategy in the first period. Such a result implies
that incentives to deviate from strategy I in the second period are generated by an end of
the game effect and the difference in performances realized in the first investmeut period.
In absence of one of the two components, managers act in the interest of investors.

Given that managers always play I in the first period, then either 0- 0(t}iis hap-
pens with probability W2 f(1 - p)2) or ~- Vy - VL (this happens with probability
2W(I -~)). If ~ - Vy - VL, the game played by the two managers in the second period
depends on K. If K is small ( i.e., K c 0.5(Vy - V~)), takes intermediate values (i.e.,
K E (0.5(Vy - V~), (Vy - V~)), or K is large (i.e., K 1 Vy - V~) the payoff matrix of the
game played correspond to cases l.c, 2.c and 3.c, respectively, in Appendix A.

When K is small, the Winner can lock in his gain of the first period without trading in
the second one. ELrthermore, a similar result cannot be obtained by playing I since the
Winner does not have perfect information about the liquidation value of asset A(or B).
As a consequence, the Winner does not trade at time 2. Given the strategy played by his
opponent, the Loser is indifferent between the three pure strategies and thus acts in the
interest. of fund investors.

If K, 0- 0.5( Vy - V~), the best. reply of the Winner to the strategy played by the Loser
can be swnmarized "do not take risk if the Loser goes for a low risk level and take as much
risk as Loser if he chooses a high level of risk". The best reply of t.he Loser is the contrary
"take high level of risk when the Winner does not anci do not take any risk when the Winner
chooses a high level of risk ". It follows that when K is either large or takes intermediate
values, there exists no equilibrium in pure strategies. The main difference between the two
cases is that if K is large then, for the Loser 1 does as well as 0 against C. It follows that
if K t.akes intermediate values then, in equilibrium, the Loser randomizes between 0 and
C, while if K is large, he randomizes between I and C.

These equilibria show that the nature of incentives the tournament structure of the com-
petition provides to managers depends on the diffetence in performances in the first in-
vestment period. If the difference is large, the intermediate winner has incentives to play
an overly-conservative strategy. Conversely, if the difference in performancPS is relatively
small, competition generates incentives to play overly-risky strategies for both the interme-
~iiate winner and the intermediate loser.

11



F}om Proposition 1, we deduce also results on the relative levels of risk undertaken by the
two managers.

Corollary: Assume 0~ 0. Then, ín the second perzod
(i) iJ K~ 0.5(Vy - V~), then the winner plays a riskier stm.tegy in the second period than
in tite first period.
(ii) The intermedíate losers always plays a riskier strntegy than the intermediate unnner.
(iii) (J Ii is either small or large, the intermediate loser expects a higher perJorrnance than
the ~~rhaner.

The tournament structure of the competition generates incentive for the loser to play a
riskier stratgey than the winner. However, this does not mean that the winner plays a
"better" strategy (in the sense of higher return). The relative performance evaluation pro-
vides incentives for t}ie intermediate winner to play a very conservative strategy in the
second period when the difference in performances realized in the first period is large. In
such a case, the loser plays a strategy which is riskier but which also has a higher expected
return. When the difference is performances at then end of the first period is small, then
in the second period both the winner and the loser increase risk.

An extension

So far, we have assumed that there is a unique "overly risky" asset C. This means that. if
both the Winner and the Loser choose C at time 1, then the Winner always win the prize.
Rather, assume that there are several identical overly risky assets C~,... ,Ctr, (nl ~ 1) and
that the liquidation values of these assets aze independently distributed. In such a case, if
the Loser randomizes between Ci,...,Cnr, then the Wimrer does not perform bettsr than
the Loser with probability 1 when buying an overly risky asset.

Under such an assumption IIty(C,C) -(3 t p)~4 and II~(C,C) -(1 - p)~4, where p
represents the probability that the Winner and the Loser trade t.he same overly risky asset
C~ if botlr of them decide to invest in an overly risky asset. Here, we consider the case
polar to that developed in the previous section. Hence, we assume that p- 0.

In t.he first period, it is straightforward that I is still a strictly dominant strategy. However,
strategies played in the second period may chage under this new assumption. If K is either
small or large then, if the Loser plays C, the best reply of the Winner is still C if p- 0.
Conversely. if K takes intermediate values then, if the Loser plays C, the best reply of the
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Winner is I. This means that the Winner has less incentives to play C if p- 0 tiran if
p- 1. We have the following proposition.

Proposition 2: Assume p- 0.
If K takes intermediate vnlues then the Winner plays I in the second period and Loser plays
C. In other cases, Pmposition 1 still holds.

Proof: Similar to that of Proposition 1 with II~y(C,C) - 3~4. o

Proposition 2 states that if several overly-risky assets are available in the second period,
the Winner cannot lock in his gain by playing the same strategy as the Loser. As a conse-
quence, he has less incentives to play C and may be better off playing I if the Loser plays
C. As a matter of fact, if K takes intermediate values, the best reply of the winner to C is
I. Since the Winner plays the strategy that has the highest expected payoff, the strategy
that maximizes the probability of catching up for the Loser is C. Hence, we see that the

increase of the uncertainty to win the contest if playing the overly risky strategy disciplines
the Winner. However, since the best reply is always to undertake a high level of risk if
the Winner does not, disciplining the Winner provides incentives for the Loser to play an
overly-risky strategy.

5 Compensation based on ranking and relative per-
formance

We assume now that compensation schemes are given by (2). Hence, when choosiiig their
investment st.rategies, managers take into account both their ranking and the extent of their
relative success.
Flirthermore, we still assume that there is an ínfinite number of C strategies so that the
probability that the Winner performs as well as or better than the Loser in the second
period if they both play C is 3~4.

Proceeding as in the proof of Proposition I, one shows that in the first period, for any

1~ 0, both managers play 1. The intuition is as before, if manager i(i - 1, 2) plays I
and his opponent does not play I, then the probabilility for manager i to win the contest
is strictly larger than 1~2 while it is equal to 1~2 if his opponent plays I. Hence, I is a
strictly dominanat strategy. Given that both managers choose I, 0- Vy - V~ Or 0- O.
If 0- 0, then we are in a one-period case and I is a dominant strategy. If 0- Vy - V~,
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the expected payoffs of the Winner as a function of his strategy and the strategy played by
the Loser are given in Appendix.

First, we consider the extreme case in which compensation is only based on relative per-
formance. Given that I is a strictly dominant strategy in the first period, compensation is
only based on relative performance if X? 2(Vy - VL t K). In such a case, we have the
following proposition.

Proposition 3: Assume X 1 2(Vx - V~ -~ K). Then, for both player I is a dominant
strategies.

Proof: follows directly from the payoff matrix of the game played in the second period if
O-Vx-V~. ~

This result is related to the result of Holmstrdm and Milgrom (1987). If compensation
schemes are linear in performance, the managers' incentives in period 2 are independent of
their performance in period 1. Hence, I is a dominant strategy and managers act in the
interest of investors.

Now, we turn to the general case in which both ranking and relative performance are taken
into account, i.e., X E (0, 2( Vy - V~ -~ K)). As in the previous section we are interesting in
finding conditions under which managers deviate from I and then how they deviate. First,
we derive conditions under which the Winner plays an overly conservative strategy in the
second period.

Proposition 4: Assume X G 0.5(Vy - V~).
(i) If K G 0.5(Vx - V~) - X then there exists a subgame perfect equilibrium such that, in
the second period, the Winner plays 0 and the Loser plays I.
(ii)If K E(Max(0.5(Vx-V~)-X,X),0.5(Vx-VL)J and Ei E (0.5, (0.5(Vy - V~) -F X- KJ~(2X))
then there exists a unique subgame perfect equilibrium. It is such that, in the second pe-
riod, the Winner plays 0 and the Loser plays C.

Proof: Follows directly from the payoff matrix of the game played in the second period if
0 - Vx - V~,. o

If K is small relatíve to the difference in performances of the first period, the probability for
the Loser to catch-up with the winner is very small. Furthermore, if X is small, the Winner
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has nothing to win by taking risks in the second period. Consequently, the objective of
the Winner in the second period is to minimize the probability that his cumulative relative
performance will be lower than 2X. Hence, in case (i), by choosing the risk-free strategy,

the Winner has the possibility to lock in the gain of the first period, i.e., for any strategy s

played by the Loser IIu.(0, s) - 1. In equilibrium, the Winner choose the risk-free startegy,
the Loser is indifferent between the three startegy and acts in the interest of investors.

In case (íi), first, II(0,C) , II(I,C) only if Ea is small enough, i.e. p G[0.5(Vy -V~) f X-

K]~(2X). Hence, the larger X, the lower the maximum N for which II(0,C) 1 II(I,C).

Second, the Winner cannot lock in his gain of the first period by choosing the risk-free

(nw(0,0) - IIw(0,I) - 1 but IIty(0,C) E(3~4,1)). The reason is that K is large enough

to ensure the Loser that he will perform better than the Winner if he chooses C and the

liquidation value realized is Vy f K, while the Winner chooses 0. In equilibrium, the Win-
ner plays the risk-free strategy and the Loser chooses C.

Now, we derive conditions under which both managers have incentives to play overly risky
strategies.

Proposition 5: Under one of the following conditions, there exists a subgame perfect
equilibrium such that both the Winner and the Loser play overly risky strategies in the

second period ( i.e., (30 - 0, pt ~ d, Qc 1 fi, 70 - fi, 7f ~ fi, 1'c ~ 0).
(iJ X E [(Vy -V~j,1.5(Vy -V~)], K E [X,2(Vy -V~)] and p ~ 0.5(Vy -V~)~(X -0.5(Vy -
V~)1.
(ii) X E [(Vy - VL),1.5(Vy - VL)], K E(Vy - VL, X] and

0.5(Vy - VL) X- K K f(Vy - VL) - X 1

~ E [M~ { X - O.S( Vy - VL)' Vy - V~ }' (Vy - VL) J

(iii) X E [1.S(Vy - V~), 2(Vy - VL)] and K E[X, 2(Vy - V~)].
(iv) X E [1.5(Vy -VL), 2.5(Vy -VL)], K E [X - 0.5(Vy - V~)), Min {2(Vy -VL),X}] and

rI X-K Kf(Vy-V~)-X 1
Fl E lVy - V~' (Vy - V~) J

Proof:

If one of the conditions (i) to (iv) holds then, for the Winner, 0 is dominated by I,
IItt.(C,C) ~ IIiy(I,C), IIiy(I,I) ~ IIiy(C,I). For the Loser, C is a best reply to I

and I is a best reply to C. O

Proposition 5 derives conditions under which, first, the Winner does not have incen-

tives to play the risk-free strategy (p - 1)2 is not too small, K~(Vy - VL) and X E
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[K, K t 2(Vy - VL)] then I strictly dominates 0). Second, the best reply of the Winner
if the Loser plays either I or C is to plays the same strategy as the Loser. Third, the
optimal strategy of the Loser is to differentiate himslef form the Winner, i.e., play I(C) if
the Winner plays C (I).

Hence, Proposition 5 states that if ranking is a relatively important component for the
compensation, the difference in performances in the first period is small ( i.e., K is lazge)

and the good strategy is not very attractive (i.e., ~ is not too large), then managers have
incentive to play overly risky strategies in the seocnd period.

Proposition 3, 4 and 5 show that in a contest in which they observe intermediate perfor-
mances, incentives for manager to misbehave, .i.e., not to act in the interest of investors,

are generated by the ranking component of the compensation scheme. Incentives may be
driven either toward overly-risky or overly-conservative investment strategies depending on
intermediate performances (relative to the riskiness of investment strategies available) and

on the weight of the ranking-based component in the campensation scheme. This is illus-
trated by Figure 2 which gives the second-period equilibrium strategies of the intermediate

winner and loser in the space (X,K). Regions 1 and 2 correspond to Proposition 4, parts
(i) and (ii), respectively. Regions 3 to 6 correspond to Proposition 5, parts (i) to (iv),
respectively, and region 7 corresponds to Proposition 3.

If ranking component is large (X small) and the relative performance of the intermedi-
ate witmer is large (with respect to outcomes that can be obtained with the overly risky

strategy, i.e., K is small), then the intermediate winner has incentives to play an overly-
conservative strategy in the last period. Then, the intermediate loser may either act in the
interest of investors or choose an overly-risky strategy. If the ranking component is not too
large, then it is never in the interest of an intermediate winner to play overly-conservative
strategies in the last part of the contest. However, it may the the case, that the optima]
strategy of tlie winner is to "follow the loser" and the optimal strategy of an intermediate
loser is to differentiate himself from the winner. In such a case, both managers choose

overly-risky investment strategies in the last part of the contest.

Propostion 5 also suggests to test further fund managers' behaviour, in particular to test

the inHuence of ranking objectives on the level of risk undertaken. If, as empirical evidence
provided by Massa (1997) suggests, ranking is the main criterion investors look at when
picking futids, then it is likely that managers' incentives are driven by ranking objectives.

Flirthermore, we can conjecture that if ranking matters, there is a"prize" (in term of Hows
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of assets) for the fund ranked 6rst. Hence, one could test if funds well ahead of the market
engage in a type of "winner takes all" contest, hence increasing risk undertaken in the last
part of the year in order to get the prize, while funds slightly ahead of the market (i.e.,
those who think they cannot end the yeaz ranked first) decrease risk so as to maximize the
probability of ending the year ahead of the market.

Such results would provide some explanations for some of the empirical findings of Brown,
Harlow and Stark (1996) and Chevalier and Ellison (1997). Brown, Harlow and Stark find
that. funds ahead of the market increase tisk in the last part of the year. Considering
young funds (i.e., those for which the correlation between inflows and performance is high),
Chevalier and Ellison show that funds well ahead of the mazket in September increase risk
in the last part of the year (Figure 5.a).

6 Managers with different levels of information

So far, we have assumed that at the beginning of the first period, the two manager have
information of the same precisions about strategies A or B. In this section, we relax this
assumption and make the following assumptions. One fund manager (hereafter manager 1)
perfectly knows that the liquidation value of either strategy A or B. With probabilitiliy 1~2
he is informed about A and with probability 1~2, he is informed about B. As in the previous
sections, fund managers only receive good news. Hence, if manager 114isinfarmedaboutA
(B), he knows that Vq - Vy (VB - Vy). The precision of the information of the other
fund manager (hereafter manager 2) is as before. With probability 1~2 he is informed about
A and with probability 1~2, he is informed about B. If he is informed about strategy J
(J - A, B), then he believes that Vj - Vy with probability p and believes that Vj - V~
with probability 1- W. Furthermore, it is common knowledge that manager 1 is better
informPd.

FYom these new assumptions, it follows that investment decisions in the first period are
driven by the difference in levels of information about in the second period by differences
in realized payoffs in the first period and in precision of information. With respect to the
previous sections, the question is then how does a difference in levels of information influ-
ence investment decisions when managers aim at performaing better than their opponents?

Let ~ represent now the difference in performances between manager 1 and manager 2
in period 1 and let I; (i - 1, 2) denote the investment strategy for which manager i has
information. We have the following proposition.
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Proposition 6: Assume that managers' compensation is given by (1).
(i) In the first period, managers 1 and 2 play h and ly, respectively. Hence, 0- 0 or
O-VN-V~.
(ii) If 0- 0, then in the second period, manager 1 plays Il and manager 2 plays C.
(iii) If ~- Vy - V~, then, in the second period, managers 1 and 2 play h and I2i respec-
tively, if K c Vp~ - V~. Manager 1 plays It and manager 2 plays C if K- Vy - Vr , and
both managers play an overly-risky strategy ( i.e., manager 1 randomizes between C and
manager 2 randomizes between C and Iz) if K~ Vy - Vy.

Proof: See Appendix.

Heterogeneity in levels of information only influences investment strategies in the last pe-
riod. In our model, Il is a strictly dominant strategy in the first period for manager 1
and Iz is a best reply to It for manager 2. Hence, introducing heterogeneity in levels of
information does not influence investment strategy in early period. However, it influences
investment strategies in the second period. If 0- 0 and managers have information of
the same precision, playing I is a dominant strategy in the second periad (see previous
section). Here, this is not the case. Far manager 2, C weakly dominates Iy. The intuition
is that manager 2 can compensate his lower level of information (hence, his lower absolute
expected payoff) by bearing a larger amount of risk. If 0- Vy - V~, then, qualitatively,
results are similar to those obtained when manager have information of the same precision.

7 Conclusion

'Tlte nature of competition in the money management industry generates relative perfor-
ntance objectives for managers. We have shown that if the competition has a tournament
structure (i.e., ranking matters) then information about relative performances at inter-
mediate stages of the evaluation period generates incentives for manager not to act in the
interest of investors. Managers may choose either overly-risky or overly-conservative strate-
gies depending on the extent of their relative success. If the difference in performances in
the 6rst period is large, the intermediate winner has incentives to minimize the level of risk
undertaken in the second period to lock in his gain of the first period. If the difference in
performances is sma11, the optimal strategy of an intermediate winner is to "follow" the
loser and the optimal strategy of an intermediate loser is to "differentiate himself" from the
winner. This may lead to overly-risky investment choices in the last part of the evaluation
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period.

Our results are consistent with empirical observations of Brown, Hazlow and Stark (1996)
and Chevalier and Ellison (1997) but also suggests further testing of fund managers' be-
haviour, in particular, the influence of ranking objectives on the riskiness of t.he investment
strategies.

8 Appendix

Compensation based on ranking and relative performance: Payoff of the winner
when 0 - Vy - VL

nw(0,0) - Min ~VZXVL i- 2,1~

nw(0, I) - FrMin ~~4XV~ ~- 2 ,1~` f- (1 - Fr)Min (3(V4X V~) f 2
1~

V`H - VL - 2K 1
`3 (V" 4X

)~- 2K } 2

1~
nw(0,C) - 0.5Min ~

4X -F 2,1) t O.SMin ~

nw(I,0)-pMi`n(3(V4XV~)}2 11
f(1-Fr)M`in(~4XVLt2,1)

nw(I,I)-llr2-F(1-W)2~Min~V 2XVL~-2,1)-~~,(1-k)[2tMin~VHXVLf2,1)J

Hw(I,C) - 0.5p [Min [M`ax (p, y.. 2X -x f 2) ,1] t Min (2tyH 2z`1 }x f 2, 1
t0.5(1 - p) ~Min ~v" ix}x f 2~ 1~ t Max ~0, ~-~ 2~~

Iliv C,0- O.5Min ~VH - Vi - 2K 1 1 (3(Vy - V~) f 2K 1
( ) 4X -~ 2,1J f 0.5Min ` ~ f 2' 1~

nw(C, I) - 0.5(1 - ~a) ~Min [Max ~0, v-~-K f Z) ,1] t Min ~ZtvH 2X 1}x f 2,1
f0.5Er [Min ( v 2-~-~K -~ 2,1) f Max (0, ~ f 2~~

II~t.(C,C) - 0.25 IMin ~VH -2X } K-~ 2,1~ ~ Max ~0, X~- 2~1 ~-0.5Min ~y2XV~ f- 2,1~

Proof of Proposition 1
Proof of (i) we proceed by backward induction. Denote 0(s~,sq) the difference in perfor-
mances between manager 1 and manager 2 at the end of period 1, if manager 1 played si
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and manager 2 played a2. Note that ~(al,sy) --0(s2,a1), Given the distcibution of the
uncertainty in the econorny, we deduce that

0(0, 0) - 0
~(I,0) - 0.5(Vy - V~)
0(1,0) - -O.5(Vy -VL)

~(I,I) - (Vy -Vi)

~(I,I) - -(Vy -VL)
0(1,1) - 0

0(C, 0) - 0.5(Vy - V~) f K
~(C, 0) - -0.5(Vy - VL) - K
~(C, I) - K

0(C,1) - -K
0(C,1) - -(Vtr -VL) - K

0(C,I)-(Vy-V~)fK
0(C, C) - 0

with probability ~a

with probability 1 - Ea
with probability p(1 - ~)
with probability ~(1 - u)
with probability p2 f(1 - p)2
with probability 1~2
with probability 1~2
with probability p~2
with probability (1 - ~a)~2
with probability p~2
with probability (1 - ~)~2

First, note that if 0(sl,sy) - 0, then, there is a unique equilibrium in the second
investment period: Both managers play I. Second, assume that 0(a~,a2) ~ 0. We consider
several cases.

Cnse I:K e 0.5(Vy - V~).

Case l.a ~- 0.5(Vy - VL)
0 I C

I

C

Case l.c 0 - (Vy - VL)
0 I C

0
I
C

1
1

0
I
C

Casel.b0-0.5(Vy-V~)fK
0 I C
1
1

Case l.d 0 - K
0 I C
1

Case l.e 0-(Vy - V~) f K
0 I C

0
I
C

1 - Ir(1 - {c)~2

1-k(1-p)

1

1 - p~2

1~2 0
(1 f ~a)~2 I

1 C

1
1

1

1

1
1

1
(3 t p)~4

1

1-p(1-~s)

1-p(1-~)

1

1 - p~2

(3 - ~e)~4

(1 f p)~2
1

(2 f Il)~4

1
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In all tables, each cell represents the payoff of the winner (i.e., IIiv(sw, yt~K,O))-

Remark 1: In all cases, if a manager is leading after the first period, then whatever the
startegies p,layed in the second period, he wins the prize with a probability larger than or

equal to 1~2.

Remark 2: If ~- (Vy-VL)fK, the intermediate winner wins the prize with probability I.

Since F~ , 1~2, Remarks 1 and 2 imply that, if manager 2 plays either 0 or C in period 1,
then manager I expects to win the prize with probability a- 1~2 if he plays either 0 or
C and with probability a 1 1~2 if he plays I. hence, I is the best reply to 0 and C. If

inanager 2 plays I, then manager I expects to win the prize with probability a G 1~2 if
he plays either 0 or C and with probability rr - 1~2 if he plays 1. It follows that I is the

best reply to I. We deduce that ! is a strictly dominant strategy. As a consequence, both
managers play I in the first period.

Cuse 2. K E (0.5(Vy -VL),Vy -VL).

0
I

C

0
I
C

Case 2.a 0 - 0.5(Vy - VL)

0 ! C

Case 2.c ~ - (Vy - VL)
0 I C
1
1

Case 2.b 0- 0.5( Vy - Vy) f K
0 I C

0
I
C

1
1

0

1-{r(1-~)

Case2.d~-K
I C

0
I
C

1
F!

Case2.e0-(Vy-VL)-~K
0 I C

0
I
C

(1 t {c)~2

1
1
1

The rest of the proof is as in Case 1.

Case 3. K ~(Vy - VL).

I

1 - {e(I - F!)~2

I - p~2
1-~(1-{a)

1

1

I

I
1

1
(3 t {r)~4

I

I - {a(1 - {a)

1

(3 - p)~4

(I f p)~2

1

(2 t p)~4
1
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Case3.a0-0.5(Vy -VL)

0 1 C

0
I
C

1

Case 3.c ~ - (Vy - VL)
0 I C

0
1
C

1
1

Case3.b0-0.5(Vy-V~)fK
0 I C

0
I
C

1

Case 3.d 0 - K
0 I C

0
I
C

1
li

Case3.e0-(Vy-V~)~-K
0 I C

0
I
C

1

1

The rest of the proof is as in Case 1.

Proof of (iiJ Given that both managers play I in the first period, we have either 0- 0
orO-Vy-V~.
If K is small (i.e., Case l.c) then, in equilibrium, the Winner never trades (i.e., plays 0)
and the Loser always trades the asset for which he is informed (i.e., plays I). If K takes
intermediate ~alues (i.e. Case 2.c), the unique Nash equilibrium is in mixed strategy. The
Wimier plays 0 with probability (30 - 0.5 and plays C with probability Q~ - 0.5. The Loser
plays I with probability ry0 - 0.5 and plays C with probability yc - 0.5. If K is large (i.e.,
Case 3.c), there exists an equilibrium such that the winner plays Q0 -(ic - 0.5 and the
loser plays ry~ - ryr - 0.5. ~

Proof of Proposition 6:

We proceed as in the proof of Proposition 1. For any pair of strategies (sl,s2) played by
managers in period 1, one obtain a set of possible 0(s~, sz) and a probability distribution
over this set. For each pair (sl,sZ) and for each 0(sl,s2) we can derive the payoff matrix
and the equílibrium of the the game played by the two managers in the second period.
Therefore, for any pair (sl, sy) played by managers in period 1, we can derive manager i
(i - 1, 2) expected compensation given that he played s; and his opponent played s~.

1 - W(1 - {r)~2

1 - p~2
1-p(1-u)

1

1

1

1
1

1
(3 ~- p)~4

1

1 - fC(1 - ~e)

1 - Ie(1 - p)

1

1 - p~2

1-W

(1 t p)~2
1

(1tp)~2
1
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Expected compensations at the beginning of period 1 are given by the following tables
where manager 1 is the row player and manager 2 is the column player. Numbers in cells
represents the expected compensation IIi of manager 1. The expected compensation II2 of
manager 2 is 1- Hl.

0
II

C

N
Case 1 K G VH - VL

72 C
1~2 (1 - l~) 2 f 3 (3 - F~)~4
2~3 (3 - W)~4 2~3

(3 - ~)~4 (14 - 7~)~24 1~2

0
!t
C

N
Case 2 K- Vy - V~

I2

1~2 (1 - Fr) 2 t 3 (3 - l~)~4
2~3 (5 - ~)~8 2~3

(3 - p)~4 (14 - 7p)~24 1~2

Case3. K1VN-V~

0 Iz C
0
I~
C

1~2 (1 - {r) z f ~ (3 - l~)~4
2~3 (7 - p)~12 2~3

(3 - p)~4 (14 - 7p)~24 1~2

In the three case-s, Ir is a striclty dominant strategy and ly is the unique best reply to I1.
Hence, (Ii, I2) is the unique equilibrium in the first period. O
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