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ABSTRACT

Mutual Fund Tournament: Risk-Taking Incentives
Induced by Ranking Obijectives

There is now extensive empirical evidence showing that fund managers have
relative performance objectives and adapt their investment strategy in the last
part of the calendar year to balance their performance in the early part of the
year. Emphasis was, however, put on returns in excess of some exogenous
benchmark return. In this Paper, we investigate whether fund managers have
ranking objectives (as in a tournament). First, in a two-period model, we
analyse the game played by two risk-neutral fund managers with ranking
objectives. We show that ranking objectives provide incentives for an interim
loser to increase risk in the last part of the year. In the second part of the
Paper, we test some predictions of the model. We find evidence that funds
ranked in the top decile after the first part of the year have risk incentives
generated by ranking objectives and that risk induced by ranking objectives is
mainly systematic.
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NON-TECHNICAL SUMMARY

There is now extensive empirical evidence showing that fund managers have
relative performance objectives and adapt their investment strategy in the last
part of the calendar year to balance their performance in the early part of the
year. A particular feature of these studies is the assumption that managers are
evaluated against some index return.

Information presented to the crowd, however, often refers to rankings as a
measure of relative performance. For example, in the ‘Managed and Personal
Investing’ section of the Wall Street Journal Europe, the ‘Fund Scorecard’
provides the return of the top fifteen performers in a category. Furthermore,
empirical studies also suggest that ranking is a measure of relative
performance, which investors take into account. As pointed out by Patel,
Zeckhauser and Hendricks (1994): ‘the inclusion of ranks drives out the
significance of other performance measures’. Therefore, since open-end fund
managers receive asset-based compensation and investors take ranking into
account when choosing funds, it generates ranking-based objectives for
managers.

The risk-taking incentives generated by ranking objectives are different from
risk-taking incentives generated by excess return (i.e. returns in excess of the
market return) objectives. If funds are evaluated with respect to the market
return, the benchmark is exogenous. Conversely, if ranking matters, then the
benchmark against which a fund is evaluated is endogenous. How much
money a fund attracts depends on the performance of its competitors.
Therefore, portfolio selection is the outcome of a game played between funds.

The goal of this Paper is to investigate how ranking objectives influence
managers’ investment strategies, and test empirically whether managers
respond to ranking objectives. To study the influence of ranking objectives on
investment strategies, we develop a model in which, during two investment
periods, two risk-neutral managers compete for funds to manage in the future
and observe their interim relative performance. In each period, managers
have one unit of money to invest and there is a continuum of investment
strategies which differ in their expected returns and variances.

In the basic model, we assume that returns are uncorrelated. It follows that
managers cannot influence the covariance of the returns. We show that in the
first period, managers maximize their expected return, while in the second
period, the riskiness of the investment strategy chosen by managers depends
on their relative interim performance: an interim loser increases risk in the last
part of the year while an interim winner locks in his gain, i.e. chooses a
conservative strategy. Moreover, the loser's incentives to gamble for
resurrection and the winner’s incentives to lock in the first-period relative gain
are increasing in the difference in first-period performances.



These results also hold when managers choose portfolios with (possibly)
correlated returns. In such a case, in the second period, the optimal strategy
of the interim winner is to choose the same portfolio as the loser since, in such
a case, the interim winner wins the contest with probability 1. Conversely, the
objective of the interim loser is to choose a portfolio that generates a return
correlated as little as possible with the return of the interim winner. It follows
that such a game has only equilibria in mixed strategies. For some of these
equilibria, we can derive results about the relative amount of risk undertaken
by the two managers. We show that on average, the interim loser takes more
risk than the interim winner.

A second extension of the basic model we look at is the case in which
managers’ compensation depends also on their performance relative to some
market return. We show that the results of the basic model still hold.
Furthermore, we establish that when the weight of the ranking component in
the objective function is large relative to the weight of the excess return
component, then the risk-taking incentives of the interim loser are increasing
with the distance to the interim winner. Also, the larger the weight of the
ranking component, the larger the risk-taking incentives for an interim loser for
a given difference in performance.

In the second part of the Paper, we test some empirical predictions of the
model. The data set we use comes from Morningstar Incorporated. It consists
of monthly returns of three categories of US funds: growth, aggressive growth
(including small company funds) and growth-and-income funds from 1976 to
1994. The data set includes the funds that ceased to exist since the
beginning of 1989. Thus, our data are not survivorship biased during the
period 1989-94.

For funds in the top decile at interim stage, we find evidence of a significant
positive relation between the distance to the top performer at interim stage
(i.e. the difference in interim performance between the top interim performer
and the considered fund) and the change of risk in the last part of the year.
These results suggest that a good interim performance (i.e. belonging to the
top decile) generates strong incentives to take risks in order to end the year
ranked first.

One could argue that there is an alternative explanation for our results: the
allocation of money into funds is convex in excess return (i.e. return in excess
of the chosen benchmark), hence generating a compensation convex in
performance and risk-taking incentives for managers. We test for such a
possibility. We do not find any evidence that the sensitivity of change in risk to
excess return is different for funds well ahead of the market and for funds
slightly ahead of the market.



1 Introduction

There is now extensive empirical evidence showing that fund managers have relative performance
objectives and adapt their investment strategy in the last part of the calendar year to their perfor-
mance in the early part of the year (see Brown, Harlow, and Starks (1996), Chevalier and Ellison
(1997), Koski and Pontiff (1999), and Chen and Pennachi (1999)). A particular feature of these
studies is the assumption that managers are evaluated against some index return.! However, infor-
mation presented to the crowd often refers to rankings as a measure of relative performance. For
example, in the Managed and Personal Investing section of the Wall Street Journal Europe, the
Fund Scorecard provides the return of the top fifteen performers in a category. The importance of
ranking is also illustrated by Gould (1998):

“Bartlett Furope has returned an annual average of 27.2 percent for the three years through
Dec. 4, ranking first among the 46 Furopean stock funds tracked by Moningstar Inc., the financial
publisher.”

Furthermore, empirical studies also suggest that ranking is a measure of relative performance
investors take into account. As pointed out by Patel, Zeckhauser and Hendricks (1994): “The
inclusion of ranks drives out the significance of other performance measures”.? Therefore, since
open-end fund managers receive asset-based compensation (see Khorana (1996)) and investors take
ranking into account when choosing funds®, it generates ranking-based objectives for managers.

The goal of this paper is to investigate how ranking objectives influence managers’ investment
strategies, and test empirically whether managers respond to ranking objectives. To study the
influence of ranking objectives on investment strategies, we develop a model in which, during two
investment periods, two risk-neutral managers compete for funds to manage in the future and

observe their interim relative performance. We show that in the first period, managers maximize

!Chevalier and Ellison (1997) and Chen and Pennachi (1999) take an exogenous market return index, Koski and
Pontiff (1999) take the average return in the considered category while Brown, Harlow and Stark (1996) use the
median return.

2See also Massa (1997) for additional evidence

30ther evidence that investors’ choice of funds is positively correlated to funds’ past performances includes Ippolito

(1992), Sirri and Tuffano (1993), Chevalier and Ellison (1997) and Lettau (1997).



their expected return while in the second period, the interim loser (i) takes more risk than the interim
winner and (7i) the level of risk undertaken by the interim loser is increasing with the difference
in interim performances. These results hold even if compensation depends also on performance
relative to some benchmark return.

The risk-taking incentives generated by ranking objectives are different from risk-taking incen-
tives generated by excess return (i.e., returns in excess of the market return) objectives. If funds are
evaluated with respect to the market return, the benchmark is ezogenous. Conversely, if ranking
matters, then the benchmark against which a fund is evaluated is endogenous. How much money a
fund attracts depends on the performance of its competitors. Therefore, portfolio selection is the
outcome of a game played between funds.

In the second part of the paper, we test some empirical predictions of the model. Considering US
growth, aggressive-growth and growth-and-income funds, we show that for funds in the top decile
in their category at interim stage, there is a significantly positive relation between the distance
to the top performer at interim stage? and the change of risk in the last part of the year. These
results suggest that a good interim performance (i.e., belonging to the top decile) generates strong
incentives to take risk in order to end the year ranked first.

One could argue that there is an alternative explanation for our results: the allocation of money
into funds is convex in excess return (i.e., return in excess of the chosen benchmark), hence gener-
ating a compensation convex in performance and risk-taking incentives for managers. We test for
such a possibility. As Chevalier and Ellison (1997), we choose a market return (here, the S&P500
index) as a benchmark. We do not find any evidence that the sensitivity of change in risk to excess
return is different for funds well ahead the market and for funds slightly ahead of the market.

The organization of this paper is as follows. Section 2 reviews the related literature. Section
3 presents the model and derives the equilibrium. Section 4 considers some extensions. Section 5

presents the empirical results. Section 6 concludes.

4The difference in interim performance between the top interim performer and the considered fund.



2 Related literature

A growing body of literature studies the mutual fund tournament both theoretically and empirically.
On the empirical side, Brown, Harlow, and Starks (1996), Chevalier and Ellison (1997) and
Koski and Pontiff (1999) 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 calendar
year basis, Brown, Harlow, and Starks (1996) provide evidence that mid-year ”losers” increase fund
volatility in the latter part of the year relative to mid-year ”winners”. However, replicating Brown,
Harlow and Starks’ study with daily returns, Busse (1998) finds that “the strong tendency for
poorly performing funds to increase risk relative to better performers completely disappears”.

Chevalier and Ellison (1997) study how relative performance after three quarters of the year
influence investment strategy in the last quarter. Considering two-year-old funds, they show that
funds that are somewhat behind the market increase risk to a greater extent than funds that are
ahead of the market. Koski and Pontiff (1999) focus on the use of derivatives by mutual funds.
They show that changes in risk are less severe for funds that use derivatives.

These studies assume that changes in risk in the last part of the year depend on the difference
between the realized return and a benchmark return over the first part of the year. Therefore,
these studies differentiate the behavior of funds ahead of the benchmark from those behind the
benchmark after the first part of the year. Our goal is different, we want to test whether funds have
ranking objectives. More precisely, we want to test whether some funds engage in a winner-takes-all
contest toward the end of year.

The most related paper is that of Taylor (2000) who also studies the impact of top perfomance
objectives of investment decisions. Assuming that funds aims at ending the year in the top 10%, he
finds evidence that interim performance influences investment decision in the last part of the year.

Closely related theoretical papers studying relative performance evaluation in financial markets
are those of Huddart (1999), Hvide (1999), Palomino (1999) and Taylor (2000) who consider a game
played by several fund managers. In this respect, our model is different from those which analyzes
the behavior of a manager evaluated against an exogenous benchmark (see, for example, Grinblatt

and Titman (1989), Admati and Pfleiderer (1996), Chen and Pennachi (1999)).



Hvide (1999) and Palomino (1999) study the consequences of relative performance objective in
the context of a single investment decision. Hvide shows that in a situation with moral hazard on
both effort and risk, standard tournament rewards induce excessive risk and lack of effort. Palomino
(1999) assumes that managers with different levels of information compete in oligopolistic markets
and aim at maximizing their relative performance against the average performance in their category.
He shows that despite the objective function being linear in performances, managers have incentives
to choose overly-risky strategies.

Huddart (1999) considers a two-period model in which interim performances are observable. He
shows that asset-based compensation schemes generate incentives for managers to invest in overly-
risky portfolio in the first period, and that performance fees align managers’ incentives with those
of investors.

Das and Sundaram (1998) study another aspect of the competition in the mutual fund industry:
the fee structure. They consider a model in which fund managers use fee structures to signal their
higher ability. They provide conditions under which investors are better off under an incentive fee
regime than under a “fulcrum” fee regime.

Our results should be compared with those of Cabral (1997) on the choice of R&D projects.
Cabral considers an infinite-period race between two firms that 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 shows
that in equilibrium, both firms choose overly risky R&D strategies. There are three main differences
between Cabral’s model and ours. First, in Cabral’s model, players have an infinite horizon. It
follows that strategy choices are not influenced by an “end of the game” effect. Second, players
receive a payoff in every period. This is equivalent to assuming observable interim performance.
Conversely, in our model, players face an end of the game and only receive a payoff at the end of
the game. Last, in Cabral’s R&D 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 winning more in case of good outcomes or by losing less is case of bad outcomes.
The consequences of dynamic incentives and relative performance evaluation have also been
studied by Meyer and Vickers (1997). They show that in a dynamic principal-agent relationship,
relative performance evaluation can be either welfare increasing or decreasing. The reason is that
in a dynamic setting, there may be both explicit and implicit incentives and better information
may decrease implicit incentives. Our model is different from that of Meyer and Vickers in two
ways. First, in their model, intermediate performance is observable. In our context, if investors
observe fund performances at the end of the first period, then managers always act in the interest
of investors. 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.

3 Presentation of the model

There are two periods, 1 and 2, and two risk-neutral money managers. In each period, managers
have one unit of money to invest. There is a continuum of investment strategies and the return
of each strategy is normally distributed.® Strategies differ in their expected return and variance,
however, the expected return of a strategy is a function m(.) of the variance v of the strategy. Hence,
the return of a strategy is normally distributed with mean m(v) and variance v. The function m(.)
is assumed to be positive, twice differentiable, strictly concave and has a maximum at m = m(?)
with o strictly positive.

A possible interpretation for the shape of m(.) is that there is no borrowing constraint but bor-

5 A more realistic model would assume that in period 1 a manager has one unit to invest, and for a realized return
Ry in period 1, the manager invests an amount Ry in period 2. We have assumed the constant investment framework
for tractability. Qualitatively, our results hold if we assume compounded returns. However, this latter formulation
requires more assumptions since we must define what happens if a fund realizes a negative return in the first period.
Hence, a manager must take into account in the first period the probability that he will still have amount positive
amount of money to manage in the second period and the expected return conditional on having a positive amount

to manage in the second period.



rowing is increasingly costly. Therefore, there is a borrowing treshold beyond which the marginal

borrowing cost exceeds the marginal expected return of investment.

Information about realized returns. After assets are liquidated at the end of period 1, managers

observe both their performance and the performance of their opponent.

Compensation Schemes. Managers are compensated at the end of period 2 on the basis of their

ranking. Denote R;; the realized return of manager ¢ in period ¢, the compensation of manager i

(C;) is as follows.

Ci=10B if Ri1+ Ria> Rj1+ Rja (1 # )
C;=B/2 if Riy+ Ria=Rj1+ Rja (i # j) (1)
C;=0 otherwise

with B > 0.

The better performing manager receives a strictly positive compensation B and the worse per-
forming manager gets nothing. If the two managers perform equally well, they both receive a
compensation of B/2.

Our model captures the following idea in a simple framework. First, investors use rankings as a
rule of thumb to evaluate managers and allocate capital into funds (as empirical evidence provided
by Patel, Zeckhauser and Hendricks (1994) and Massa (1997) suggests). Second, fund managers are
risk-neutral agents who are compensated on the basis of the size of the fund they manage. Hence,
managers’ objective is to outperform their opponent.

It can be argued that investors choose some type of relative performance scheme to evaluate
money managers only if the two managers are of different qualities. This may not be the case. It is
sufficient that investors believe that managers are of different qualities. For example, consider the
following situation. With probability 1/2, manager i is a high quality manager and with probability
1/2 he is a bad quality manager, and probabilities of being a good manager are independent across
managers. Moreover, the two managers observe the realized types while investors do not. In such

a situation, with probability 1/2, it is common knowledge among managers that they are of the

6



same type. However, investors do not know whether managers are of the same type. According to
investors’ beliefs, with probability 1/2, there is a good and a bad manager, and they uses a relative
performance rule to evaluate managers.

Here, in order to concentrate on incentives generated by differences in intermediate performances,
we solely study the case in which managers are of the same quality. If managers were of different
qualities, incentives in period 2 would be driven by both interim performances and difference in
quality.

Also, we assume that returns realized by managers are uncorrelated. This implies that the only
strategic decision of the managers is the variance of their portfolio. A more complete model would
assume that a manager can also influence the covariance of returns. Such a case is considered in
Section 4.

The benchmark case. We consider as a benchmark the case in which managers maximize their
expected return. In such a situation, both managers choose v = ¥ in each period. The goal of our

model is to show how ranking objective alter the managers’ investment strategies.

Equilibrium investment strategies

We solve the model using backward induction. Hence, we start by deriving the equilibrium of the
game played by the two managers in period 2. Denote R;,, and R;; the return obtained in period
by t by the interim winner and loser, respectively. Let A = R, ,, — Ry ;. The objective of the interim
loser is to maximize Prob(Rs; > A+ Rs,,) while the objective of the interim winner is to minimize
this probability. From the assumption about the distribution of returns, Ry; — Ry, is normally
distributed with mean m(v;) —m(v,,) and variance v; + v,,. Hence, the objective of the interim loser
1s to minimize

A + m(vw) — m(v)
G (Vy, vy, A) = (v + vy) /2

over v; while the objective of the interim winner is to maximize G(vy, v, A) over .

An equilibrium in pure strategies in the period 2 subgame is a pair (v}, v}) such that



oG O
aT(Ul » U A) =0 (3)

oG * ok _
o, (Vv B) =0 (4)

oG, ,
W(UI 77)w>A) <0 (5)

aT)lz(vl L, e A) >0 (6)

We derive the following proposition.

Proposition 1 Assume that managers’ compensation is given by (1). If A # 0, then v < 0 < v}
in the second period. Furthermore, vf and v}, are increasing and decreasing in A, respectively. If

A =0, then both managers chooses .

Proof: See Appendix.

In the last period, an interim loser takes more risk than an interim winner, hence (relatively)
gambling for resurrection. Furthermore, when both managers have performed equally well in the
first period, they both maximize their expected return in the second period. The reason is that if
manager ¢ chooses v and manager j # ¢ does not then manager 7 has a probability strictly larger
than 1/2 of winning the contest, while if manager j chooses ©, both managers have a probability
1/2 of winning the contest. Hence, when managers have performed equally well in the first period,
they both choose © in the second period.

By the same argument, we derive equilibrium strategies played in the first period.
Proposition 2 There exists an equilibrium such that both managers choose v in the first period.

Proof: See Appendix.

From Propositions 1 and 2, we deduce that an interim loser increases risk in the last part of the
year while an interim winner locks in his gain, hence playing a conservative strategy. Moreover, the
loser’s incentives to gamble for resurrection and the winner’s incentives to lock in the first-period

relative gain are increasing in the difference in performances in the first period.



Also, it should be noted that given the reward scheme of the type “the winner takes all”,
Propositions 1 and 2 extend to the case in which managers are risk averse and have a strictly
increasing utility function U. Let F' be the distribution function of a random variable normally
distributed with mean zero and variance equal to one. In such a case, the expected utility of an

interim loser is

E(Ul) = U(O)[l — Prob(Rg,l > A+ Rg,w)] + U(l)PI‘Ob(RQ,l > A+ R27w)
— U(0) + [U(1) = U(0)]Prob(Ray > A + Ra) (1)
= U0)+[U(1) = U0)][1 = F(G(vy, v, A))]

and the expected utility of an interim winner is

E(Uw) = U(O)Pl”Ob(Rle > A+ Rzyw) + U(l)[l — PI‘Ob(ngl > A+ Rzyw)]
— U(0) +[U(1) — UO)][1 - Prob(Ryy > A+ Ry )
= U(0)+[U) = U(0)]F(G(vy, v, A))

Therefore, as in the case of risk neutrality, in the second period, the objective of an interim loser is
to minimize G(v,, v;, A) over v, while the objective of the interim winner is to maximize G (v, v;, A)
over v,,. Hence, Propositions 1 and 2 extend to the case in which managers are risk averse and have

a strictly increasing utility function.

4 Extensions

The model presented in the previous section assumes that returns are uncorrelated and concentrates
on incentives generated by ranking objectives, i.e., funds participate in a winner-takes-all contest
and do not take into account their performance relative to some benchmark return.

In this section, we extend the previous model to the case in which managers’ compensation
depends both on their ranking and their performance relative to an exogenous benchmark and

consider the case in which managers choose among portfolios with correlated returns.



4.1 Compensation based on market-adjusted return and ranking

Denote Ry, the realized benchmark return in period t. We assume that the compensation of manager

1 is as follows.

2
Ci=a) (R — R})+ BC; (9)

t=1
with a > 0, § > 0 and where C; is given by (1).

Compensation scheme (9) means that managers’ compensation is increasing both in ranking and
in performance relative to some exogenous benchmark.

In period 2 the objective of the interim loser is to maximize
Hi (v, v, A) = am(v;) — BBF[G(vy, v, A)] (10)
while the objective of the interim winner is to maximize
Hy,(vy, v, A) = am(vy) + BBF[G(vy, v, A)] (11)
We have the following propositions.

Proposition 3 Assume that managers’ compensation is given by (9) with 3 > 0. Then

(i) If A #0, then v} < 0 < v} in the second period.

(ii) There exists an equilibrium such that both managers choose v in the first period.

(iii) Let 0 = B/a. There exists 0 such that if 0 > 0, then v}, and v} are decreasing and increasing
n A, respectively.

(iv) For a given A, v, and v} are decreasing and increasing in (3, respectively.
Proof: See Appendix.

Proposition 4 Assume that managers’ compensation is given by (9) with § = 0. Then v} = v; =0

i the second period.

Proof: If § = 0, then managers maximize their expected return. Hence manager j (j = [, w)

chooses 1);-‘ = 9. O

10



Proposition 3 establishes that Propositions 1 and 2 still hold under the new compensation
scheme: the existence of a ranking component in the compensation scheme (i.e., § > 0) generates
risk-taking incentives in the last period for an interim loser. Part (iii) of the proposition states that
when the weight of the ranking component in the objective function is large relative to the weight
of the excess return component, then the risk taking incentives of the interim loser are increasing
with the distance to the interim winner (i.e., A). Part (iv) states that the larger the weight of the
ranking component (i.e., 3), the larger the risk taking incentives for an interim loser for a given

difference in performance.

4.2 Correlated returns

In this section, we analyze the case in which managers choose among portfolios with correlated
returns. To do so, we modify the model of Section 3 in the following way. Assume that a safe
asset (S) with return normalized to 1, and two risky portfolios are available. These two portfolios
(hereafter p, and p,) have returns (R, and R;) independently and normally distributed with variance
v, = 0 and v, > v, and means m, = m(v,) and m, = m(v,) (with m, > 1 and m;, > 1), respectively;
the function m(.) and v being as defined in Section 3. Therefore, m;, < m,.

Denote [ the interim loser and w the interim winner. In the second period, manager j (j = [, w)
has one unit of money to invest and chooses an allocation (agj, ap;), o, and oy being invested in
portfolio p, and p,, respectively, and (1 — a4; — ;) being invested in asset S. It follows that the

return of manager j in the second period is
jo = 1 + Oéaj(Ra — 1) + Oébj(Rb — 1)

For tractability, we restrict the set of choices to ag; > 0, ap; > 0 and a,; + o4; < 1. This implies
that shortselling the safe asset or the two risky portfolios is forbidden.

The main difference with the previous section is that now returns are correlated, and their
covariance is endogenous:

cov(Ray, Row) = 0tg1QauVa + 0thiQthyUp
We concentrate on allocation choices in the second period. Assume that the difference in returns

11



after period 1 between the interim winner and the interim loser is A.® It is straightforward that the
best reply of the interim winner is to choose the same allocation as the loser since in such a case,
he wins the contest with probability 1. Conversely, the objective of the interim loser is to choose
an allocation that generates a return correlated as little as possible with the return of the interim
winner. It follows that such a game has only equilibria in mixed strategies. For some of these

equilibria, we can derive results about the relative amount of risk undertaken by the two managers.

Proposition 5 Consider any equilibrium such that (i) managers only invest in the risky portfolios
(i.e., agj +ap; = 1, j = L,w) and (i) managers randomize between the two same allocations
(agj, o) = (/,1 — &) or (agj,ap;) = (¢,1 — ") (j = L,w) with &’ > a". Denote ¢; the
equilibrium probability that manager j chooses a,; = '. Then, in such an equilibrium, the interim
loser takes more risk than the interim winner on average: the interim loser chooses o' with a lower

probability than the interim winner, i.e., q < Q.

Proof: See Appendix.

If managers do not buy the risk-free bond, then the larger as;, the larger the amount of risk
taken by manager j. Proposition 5 states that in any equilibrium such that managers do not buy
the risk-free bond and choose among the same two allocations, the interim loser takes more risk
than the interim winner, on average.

This result is different from Taylor (2000) for one main reason. Taylor considers an economy with
a risk free asset and one risky asset. It follows that an interim winner increasing risk also increases
the expected return of his portfolio. He does not face a trade-off between increasing the variance
and decreasing the expected return. Conversely, we consider a situation such that managers have
the possibility to choose low-expected-return-high-variance portfolios.

We can derive further results on the interim loser’s risk taking incentives.

6In the previous sections, it was assumed that managers are identical ex-ante. Here, there always exists an
equilibrium such that A = 0 with probability 1 given the two risky portfolios available. Therefore, A > 0 requires
that managers did not choose the same portfolio in period 1. One possibility is that they were heterogeneously

informed in period 1 while this is not the case in period 2.
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Proposition 6 Assume that the interim winner chooses a portfolio such that gy + apy = 1 (i.e.,
does not buy the risk free bond). If ca < 1/2, then the best reply of the interim loser is o = 1. If

Qg > 1/2, then the best reply of the interim loser is oy = 1.

Proof: See Appendix.

This proposition tells us that the best reply of the interim loser to an allocation of only risky
portfolios is to choose the allocation of only risky portfolios that minimizes the correlation with the
return of the interim winner.

From Propositions 5 and 6. We derive the following result.

Proposition 7 There exists an equilibrium such that
(i) the interim winner chooses agy, = 1 with probability q,, and cuw, = 1 with probability (1 — q)

(ii) the interim loser chooses ag = 1 with probability q; and oy = 1 with probability (1 — q)

(i) qu > a-

Proof: See Appendix.

This proposition states that there exist equilibria such that Proposition 5 holds: when both the
variance and the covariance of the portfolios are strategic variables, then on average, the interim
loser takes more risk than the interim winner. Hence, the results derived in section 3 still hold

(qualitatively) when returns are correlated and their covariance level is a strategic variable.

5 Empirical results

5.1 Data

The dataset we use comes from Morningstar Incorporated. It consists of monthly returns of three
categories of US funds: growth, aggressive-growth (including small company funds) and growth-
and-income funds from 1976 to 1994. The dataset includes the funds that ceased to exist since the
beginning of 1989. Thus, our data are not survivorship-biased during the period 1989-1994. For

each category, the number of funds in the dataset each year is given in Table 1.
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[Insert Table 1]

To illustrate the difference between mid-year ranking and end-of-the-year rankings, Table 2
provides for growth-and-income funds the ranking after the first semester of the top ten performers

over the calendar year.
[Insert Table 2]

As expected, funds highly ranked in the middle of the year are most likely to top the annual
rankings. In 9 years out of 19, the top or second interim performer became the winner at the end of
the year. However, in several years, funds ranked as low as 151 topped the annual rankings. Thus,
the contest for the top annual ranking is not limited to a few best performers in the middle of the
year, and even funds ranked relatively low at the interim stage still have a reasonable chance to win

the annual tournament.

5.2 Tested hypothesis

Our conjecture is that, when selecting funds, investors take into account both the excess return
realized by the fund and its ranking. Therefore, managers receiving an asset based compensation
have both ranking and excess return incentives. Hence, we want to test some of the predictions of
Proposition 3.

For a given category of funds k (i.e., k = growth-and-income, growth or aggressive-growth), let
R}, R{* and R represent the return realized by fund 4 in year ¢, the benchmark return in year t,
and the return realized by the top performer in year ¢, respectively.

Assume that the objective function of manager ¢ from category k is

Cf,t = G(Rf,t - be) + Bk]R’?t:RfT (12)

where I{} is the indicator function.
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From (12), we deduce that managers’ compensation is increasing in benchmark adjusted return
(Rﬁt — R™) and the manager ranked first in his category k receives an extra income B*. Therefore
scheme (12) provides the same incentives as scheme (9).

In such a situation, after having observed the interim performance of his competitors, the ob-

jective of manager ¢ is to maximize
E(CF,/Infol"*) = aE[RF, — R{|info}y"*] + B*Prob(Rf, = RF"|Info}}"")

where Infojﬁt’k is the information about interim performance at interim stage in category k.

In each category k, let Rf,(j) and R;”(j) denote the returns realized by fund i and the top
interim performer of year t, respectively, over part j (j = 1,2) of year t. In the context of the
model of the previous sections, define the interim winner of year ¢ in category k as the top interim
performer (i.e., the fund with return R#7(1)) and an interim loser of year ¢ as a fund with an interim
performance smaller than RFT(1).

Let AfT = RiT(1) — Rf,(1) and A}, = Rf,(1) — R¥,(1). Given that the information at interim

stage is about interim relative performance,
Prob(Rf, = R |Info}}"") = Prob [Rf,(2) > Max; . (AY,, + R%,(2))]
The right-hand side of this equation can be rewritten as
Prob { 125,(2) > Max | A + RET(2), Max i, 0 ycmpry (Al + BE2)| | (13)

In order the rewrite the objective function of manager ¢ from category k so as to test the prediction

of Proposition 3, we assume that expression (13) can be approximated by
Prob {Rﬁft(z) > Max 141t 1y i (11 (Al + Rﬁt(z))} Prob (RY,(2) > AKY 4 RI7(2))

Now, let

In such a case, in category k, the objective of manager ¢ in the second part of the year is to

maximize
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aE[RF, — R{|infofy""] + B¥8FProb (RF,(2) > A + RT(2))

This is the same maximization program as that of the interim loser in the second period when
the compensation scheme is given by (9) with 3 = F. Therefore, we can test the predictions of
Proposition 3.

Given that 3F represents the probability for manager i of outperforming all the other funds
except the top interim performer, 3 should be increasing with the interim performance of manager

i. Hence, the predictions of Proposition 3 are the following:

e For a given 3F, risk taking incentives for an interim loser are increasing in AL, (Proposition

3, part, (iii))
e Given AFT

2,

part (iv))

risk taking incentives for an interim loser are increasing with 3. (Proposition 3,

To test those predictions, we proceed as follows. Let

1 1
L+ RF(1) — RE,(1) 1+ AFT

DIST}, =

In category k, DI STZ-’ft represents a normalized measure of the difference in performances between
the top interim performer and fund 7 after the first semester of year t. DI STi’ft is equal to one if
fund ¢ is the top interim performer and DIS Tft declines toward zero as the interim performance of
fund ¢ decreases.

Let EXCESSY, denote the return of fund i in excess of the market return (S&P500) in the first
semester of year ¢, i.e.,

EXCESS!, = R,(1) — R (1),

where RM (1) represents the return of the S&P500 index over the first semester of year .
Note that this implies that for all categories, we use the same benchmark. As explained in more

details below, our results hold if we use category specific benchmarks.
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Let Rim(l ,t) be the return of fund ¢ in the m-th month of the I-th semester of year t. Then,
RE(1) = SO RY,.(I,t) represents the average monthly performance of fund i over semester I of
year t.

We define the total risk undertaken by fund ¢ over semester [ of year ¢ as the standard deviation

of fund ¢’s monthly returns, i.e.,

1 6

STD()f, = = > (RE,(1,t) — RE(L1))? (14)

m=1

For each year and for each category, we split the set of funds into ten groups according to their

interim performance, top decile interim performers being in Group 1 and worst decile performers
being in Group 10. Then, we run the following regression.

ASTDf, = ar STD(1)f, + 332, (of; + ag ;EXCESSY, + cu s DISTS,) + Dec(j)

i=1

(15)
+ >, Y ear Dumy + ¥,

where AST D}, = STD(2)¥, — STD(1)%, is the change in the measure of fund 7’s total risk between
the first and second semester of year ¢, and Dec(j) is a dummy equal to 1 if the fund belongs
to the j-th decile according to its performance in the first semester. Note that we assume that

slope coefficients (cs; and a4, 7 = 1,...,10) are the same across categories, while decile specific

k

5 ;) are category specific.

constant terms («

Year Dum; is a dummy variable equal to 1 in year . Year dummies are included in order to
control for the year-specific effects.

Following Koski and Pontiff (1999), we also include the risk level for the first semester in our
regression to control for the measurement error. Since we have a noisy measure of risk based on 6
monthly observations, we expect mean reversion in the noise component of our estimate from the
first to the second semester which should be captured by ST D(1).

Proposition 3, part (i) predicts that if interim losers in the j-th decile have ranking objectives

then oy ; is negative. Proposition 3, part (iv) predicts that if interim losers in the j-th and the j'-th

decile with (j < j') have ranking objectives then ay; < ay .
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5.3 Results

The results of regression (15) are given in Tables 3.a and 3.b. We observe that oy ; (j =1,...,6)
is significantly negative at the 1% Level. Furthermore, oy ; is significantly smaller than a4 3 and
ay s at the 5% level, significantly smaller than oy 4 at the 10% level and significantly smaller than
agj (j =6,...,10) at the 1% level. Hence, the predictions of Proposition 3 are verified for funds
in the top decile at interim stage. This result provides evidence that risk undertaken top interim
performers (i.e., funds in the top decile at interim stage) in the last part of the year is (partly)
generated by ranking objectives.

From Table 3.b, we observe that risk-taking incentives in the last part of the year are also
driven by excess return, since for all j = 1,...5, a3 ; is significantly positive. However, risk-taking
incentives are driven by excess returns in a linear way and not in a convex way since ag; is not
significantly different from asz 9, as3, ass, ags and asg. Therefore, there is no evidence that that
risk taking incentives in the last part of the year are generated by an objective function convex in
benchmark-adjusted return.

Following Koski and Pontiff (1999), we also analyze changes in systematic and idiosyncratic
risks between the first and the second half of the year. The systematic risk (BET A) is measured
as the beta coefficient in a market model regression of fund return in excess of the risk-free rate on
the S&P500 return in excess of the risk free rate.

The idiosyncratic risk (IDI0) is defined as the standard deviation of the residual terms from
a market model regression of fund return in excess of the risk free rate on the S&P500 return in

excess of the risk free rate.

IDIO¥(1,t) = % S (el 1)’

m=1
where ef, (,t) is the market model residual.

For both measures of risk, we run the following regression.

ARISKEF, = 0y RISK(1);y + 3.7, (b ; + a3 ;EXCESSY, + ay jRISKE,) * Dec(j)

(16)
+ >, 6iY ear Dumy + €F,
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where RISK = BETA,IDIO and ARISKft is the change in RISK for fund ¢ in category k
between the first and the second semester of year ¢.

Results for BET' A are given in Tables 4.a and 4.b. For all j = 1,...,8, ay; is significantly
negative at the 1% level. Furthermore «y ; is significantly smaller than a, 3 and oy 5 at the 5% level,
significantly smaller than ay 4 at the 10% level and significantly smaller than oy ; (j =6, ...,10) at
the 1% level.

Results for IDIO are given in Tables 5.a and 5.b. a4 ; (j =1,...,10, j # 3) is not significantly
different from zero.

These results suggest that for top decile managers, the risk induced by ranking objectives is

mainly systematic.

5.4 An alternative performance measure

The previous regressions have tested the empirical predictions of Proposition 3. However, one
can argue that the model developed in Section 3 and 4 is not realistic since it considers only
two competing funds. If there are more than two competing funds, then each fund should take
into account the differences between his performance and the interim performance of all the other
competing funds when choosing his strategy in the last part of the year. (The necessary conditions
of a Nash equilibrium with N competing funds are derived in Appendix.)

Therefore, we construct a performance measure (hereafter DISTN) which takes into account

the interim relative performance with respect to other funds.

Let
1 1
Df, = N, Z(Rf,t(l) - Rf,t(1))I{R§?’t(1)>Rki,t(l)} =N Z A?i,tI{A;?i‘pO}
j#i j#i
and
1
DISTNF, =
’L,t 1+nyt

DISTN takes into account the distribution of performances of funds that have outperformed
fund i in the first semester. DISTNY, is equal to one if fund i is ranked first in his category at

interim stage and decreases as the ranking of fund ¢ worsens.
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Results for regression (15) with DISTN substituting DIST are given in tables 6.a and 6.b.

We observe that ay is significantly negative at the 1% level and is significantly smaller than ay

(j =2,...,10) at the 1% level. These results provide additional evidence that top decile managers

have ranking objectives in the last part of the year.

5.5 Robustness

We checked the robustness of our results in several ways. Qualitatively, our results hold if

6

e We use the median return in the category (as Brown, Harlow and Stark, 1996) or the mean

return in the category (as Kosky and Pontiff, 1999) as benchmarks to compute excess returns.

Note that in such cases, the benchmarks are category specific.

We consider different splittings of the calendar year. More precisely, we checked that our
result hold if we consider the period from January to May as the first period (and June to
December as the second) or if we consider January to July as the first period (and August to

December as the second).

We consider different quantile specification. More precisely, our result holds if we consider
the top 96% performers in each category and split funds in eight or twelve groups according
to their performance. In both cases, risk undertaken by funds in the best performing group

at interim stage is partly generated by ranking objectives in the last part of the year.

Conclusion

The nature of the competition in the money management industry generates relative performance

objectives for managers. In this paper, we have studied how ranking objectives (as in a tournament)

influence portfolio decision of mutual fund manager. In a two-period setting, we have shown how

interim ranking influences the riskiness of the investment strategy chosen by managers in the last

period: interim losers increase risk in the last part of the year.
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Then, we have provided evidence that fund managers have ranking objectives which generate
risk taking incentives and risk induced by ranking objectives takes mainly the form of systematic
risk. Furthermore, ranking objectives are significantly more important for funds with a top decile
interim performance than for the others.

From these results, we can advise investors not to select mutual funds on the basis of their
ranking in performance but rather on the extent of the difference in performances. Such a fund
picking strategy “linearizes” managers’ incentives, hence aligning their incentives with those of

investors.

7 Appendix

Proof of Proposition 1: Conditions (3) and (4) are equivalent to

A+ m(vl) —m(v)) = 2(vf +vl)m'(vy) (17)
A+ m(vy,) —m(v) = =2(v] + vy )m'(v]) (18)

respectively. This implies that conditions (5) and (6) are equivalent to

2(vf + v )m"(vE) +m'(v)) <0 (19)
2(vf + vl )m" (v) +m'(v)) <0 (20)
respectively.

Conditions (17) and (18) imply that

m'(v)) = —m/(v}) (21)

w

Hence, v; — v and v,, — v are of opposite signs.
Assume that m/(v}) < 0. From (17), this implies that m(v}) > m(v)). It follows that the
interim winner can increase his probability of winning the contest by choosing v = v;. Therefore,

there exists a deviation that increases the probability of winning the contest. Hence, there cannot
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be an equilibrium with m/(v*) < 0. Therefore, in equilibrium v}, < o < v;. The proof that v} and
v} are increasing and decreasing in A, respectively, follows directly from m/(v;) = —m/(v})) and the
strict concavity of m(.).

From conditions (17) and (18), we deduce that
dA + m/(vy)dvy, — m! (v))dv, = 2(dvy, + dv)m/ (vy) + 2(vy + V)M (v )dvy, (22)

dA + m/(vy)dvy, —m!(v)dv, = —2(dvy, + dv)m/ (v)) — 2(vy, + v)m” (v))dv, (23)

This implies that
m” (vy)dvy, = m” (v))dv, (24)

In turn, this implies that dv, and dv,, are of opposite signs. Furthermore, from (21), (22) and (24),

we obtain that

8 = vy (20 + v ) = 22 (0, (25)

m/ (v;)

Hence, v, and v; are decreasing and increasing in A, respectively. O

Proof of Proposition 2: From the proof of Proposition 1, we know that a manager who is
leading after the first period has a probability strictly larger than 1/2 of winning the contest.
Now, if manager 1 choose v; = © in the first period, then for any v, # © chosen by man-
ager 2, Prob(Ay; > 0) < 1/2 while if manager 2 chooses v, # © in the first period, then
Prob(Ag; > 0) = 1/2. Hence, ¥ is a best reply to .0

Proof of proposition 3:
Proof of (i). From (10), we deduce that the FOC of compensation maximization for the interim

loser is
2(vy + v)m/(v;) + A + m(vy) — m(uvy)

am’(v) + Bf[G (v, v, A)] (v + 1)/

=0 (26)
and from (11), we deduce that the FOC of compensation maximization for the interim winner is

2(vy + v)m/ (vy) — (A + m(vy) — m(vy))
2(vy + 7)3/2

am/(vy) + Bf[G (v, v, A)] =0 (27)
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From (26) and (27), we deduce that in equilibrium, it must be the case that
m'(v) = —m/(v)) (28)

Given that m(.) is strictly concave, (28) implies that, in equilibrium, m'(v;) and m’(v,,) are of
opposite signs. Assume that m/(v;) > 0 > m/(v,). From (27), this implies that m(v,) < m(v).
The rest of the proof is identical to the proof of Proposition 1.

Proof of (ii). Identical to the proof of Proposition 2.

Proof of (iii) When « goes to zero, i.e., when theta becomes large, the FOC of compensation max-
imization for the interim loser converges to (18) while FOC of compensation maximization for the
interim winner converges to (17). Then, proceeding as in by proof of Proposition 1 and by conti-

nuity, there exists @ such that if # > , then we have the desired result.

Proof of (iv). Denote H (vj3) the LHS of equation (26). In equilibrium, H(v;3) = 0. The second
order condition for maximization implies that dH/0V* < 0. Given that m/(v;) < 0, it implies
that 0H/08 > 0. Therefore, dv;/dB > 0. Since in equilibrium m/(v;") = —m/(v}), it follows that
dv}/dp < 0. O

Proof of Proposition 5: Consider any equilibrium that satisfies conditions (i) and (i7). Given,
the equilibrium strategy of the interim loser (i.e., the probability ¢, with which he chooses '), the
interim winner is indifferent between the two pure strategies. This implies that

q@Prob (Ro; — Ray > Al = o, aq = ) + (1 — q;)Prob (Ry — Roy > Alagy, = o/ 0y = ") =

q@Prob (Re; — Roy > Al = o, aq = ') + (1 — q)Prob (Ry — Roy > Alagy, = " ag = o)
(29)

Given that
Prob (Rg — Ray > Al = o/, aq = ') = Prob (Ry — Roy > Alag, =’ aq=a") =0

It follows that
B Prob (Ry — Row > Altaw = o, g = )
~ Prob (Ry — Ry > Alagy = o g = a”) + Prob (Ry — Ray > Al = o’ ag = o)

q
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Proceeding similarly, we find that

B Prob (Rg; — Roy > Al = o, g = )
— Prob (R2l — R2w > A’Oéaw — CK/, Qg = a//) + Prob (R2l — RQU} > A’O{aw = Ck//7 Qg = CW)

G

Therefore q,, > q; is equivalent to
Prob (Ry — Ray > Al = ", g = ') > Prob (Ry — Ray > 8|y = o', ag = ")
This is equivalent to
7 (A — (o = a")(mg — mb)> < F (A — (" — /) (mg — mb)>
V(e —a)2(v, + vp) V(e —a”)2(vg + vp)

where F' is the distribution function of a random variable normally distributed with mean zero and

variance equal to 1. Given that o/ > o, this last inequality always holds. O

Proof of Proposition 6: Proceeding as in the previous section, one shows that the objective

of interim loser is to maximize

—A+ (g — Ggw)(ma — 1) + (apr — ) (mp — 1)

\/(aaw - aal)Qva + (abw - aal)va

H(aala Qpl, QAW Oy A) =

with respect to o, and ap under the constraint that o, + ap < 1. First, we show that there
cannot be an interior solution to this problem. To see this, assume that the interim loser chooses

Qp € (O, 1).

OH (Mg — 1)(Qpw — w1)* 0y — Va(Qar — Qaw) [(o1 — Q) (mp — 1) — A

Oayg ((taw — 1) *va + (pw — aal)zz)b)3/2

Therefore if ay < uy, for any aq, OH/Jag > 0. It implies that the interim loser chooses ay =

1 — ag. Now if agy > e, then it implies that oy < qgy (since agy, + ap, = 1, by assumption.)

OH  (mp — 1)(0aw — @a1)*Va — vp(ay — Q) [(Qar — Qaw) (Mg — 1) — A]

O (o — @) V0 + (A — ) ?v3)*/

If ayy < Qg then for any oy, O0H/Oay > 0. It implies that the interim loser chooses ay = 1 — ag.

Therefore, we always have ayg,, + aq = 1.
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This implies that the problem of the interim loser is to choose a,; to as to maximize
—-A al — “Gaw a
K(Oéal; g, A) = i (a l - )(m mb)
\/(aaw — Qg1)?(vg + vp)

under the constraint that o, € [0,1]. It is straightforward that this is equivalent to maximizing

|otr — @gw|- Therefore, if ag, < 1/2, the interim loser chooses ay = 1 while if g, > 1/2, the

interim loser chooses oy = 1. O

Proof of Proposition 7: As already, mentioned, the best reply of the interim is to play the same
strategy as the interim winner. Furthermore, from Propositions 6,we know that (ay;, ) = (1,0) is
a best reply to (auw, Q) With ag, > 1/2 and gy + e = 1; and (ag, ) = (0, 1) is a best reply to
(Qaws Otpy) With gy, < 1/2 and gy + iy = 1. This implies that there exists an equilibrium in which
manager j chooses (agj, a;) = (1,0) with probability ¢; and (agj, ap;) = (0,1) with probability
1 —g; (j = w,l). Proposition 5 implies that g, > ¢ O

7.1 Necessary conditions for a Nash Equilibrium with N > 2 competing
funds.
Assume that there are N > 2 competing funds and that the compensation of fund i is as follows

Ci=B ifRi1+Ri2>Rj1+Rjo (i #j)

C; =0 otherwise

(30)

Let A;; = R;n — Rj1. The objective of fund ¢ in period 2 is to maximize
Prob (Ry; > max;.;Ra j — Ayj)
Given that returns are uncorrelated, this is equivalent to maximizing
[ Prob (Res > Raj — Ay)
J#i
Given that returns are normally distributed, the first order condition of expected compensation

maximizations are

oG
oy 01)2-

(07,07, Dij) fIG (0], v}, D)l =0 i=1,...,N

J
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Aggressive | Growth Growth
Year | Growth and income
1976 33 119 75
1977 34 123 80
1978 35 127 85
1979 36 130 90
1980 36 131 92
1981 39 138 94
1982 44 143 99
1983 49 159 101
1984 62 180 110
1985 74 202 121
1986 85 234 143
1987 106 269 169
1988 131 313 211
1989 140 334 239
1990 148 354 249
1991 160 389 284
1992 184 423 312
1993 215 518 344
1994 298 634 412

Table 1: Dataset: Number of funds for each category for each year.
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Year | Number of Funds [ n= 1 2 3 4 5 6 7 8 9 10
Interim ranking of the fund ranked n-th at the end of the year

1976 75 2 1 6 5 3 33 12 10 25 31
1977 80 1 4 2 18 7 17 3 23 14 11
1978 85 2 1 5 6 7 3 28 11 4 22
1979 90 13 2 3 9 24 30 6 51 5

1980 92 30 3 17 18 1 20 15 8 49 2

1981 94 50 1 14 2 4 11 19 3 7 9

1982 99 6 5 13 22 11 12 16 30 25 24
1983 101 2 0 1 34 3 7 15 20 35 9

1984 110 6 19 20 9 5 8 1 2 15 17
1985 121 25 20 22 16 5 6 3 8 2 21
1986 143 1 4 40 38 3 7 2 5 6 45
1987 169 3 125 15 4 41 33 42 64 14 10
1988 211 1 3 5 7 6 3 2 18 37 24
1989 239 2 4 12 22 20 6 1 9 5 35
1990 249 22 4 3 113 76 157 129 23 24 6

1991 284 24 38 1 2 4 29 9 8 51 12
1992 312 1 1 3 5 10 13 45 14 34 2

1993 344 1 6 2 8 9 61 24 141 46 29
1994 412 3 T 9 13 2 22 1 63 29 109

Table 2: Growth and income funds: Interim ranking of funds in the Top 10 at the end of the year.
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Table 3a: OLS Regression for Changes in total risk within a year (ASTD) as a function of interim performance.

ASTDE, = a1 STD(1)F, +Y.1%, (0/2“’ , + a3 jJEXCESSE, + ay, jDISngt) % Dec(j)
+ >, 6¢Year Dumy + sﬁt

Note: heteroscedasticity-consistent (White) standard errors are reported in parentheses; * * *, %% and * indicate significance at
the 1%, 5% and 10% level, respectively. The last nine columns present F-statistics on a test of differences: as4; = asa; (1 =1,...,9;

j=i+1,...,10).

coefficient ~ F(1) F(2) F(3) F(4) F(5) F(6) F(7) F(8) F(9)
DIST % Dec(1) -6.47F**
(1.40)
DIST % Dec(2) — -4.62%*%* 1.27
(1.05)
DIST % Dec(3)  -2.99%** 4.69%* 1.57
(1.00)
DIST % Dec(4)  -3.69%** 3.23* 0.58 0.34
(0.89)
DIST % Dec(5) — -2.78%%* 5.60%%* 2.18 0.03 0.65
(0.92)
DIST % Dec(6)  -2.60%** 6.65%**  2.96% 0.12 1.09 0.03
(0.81)
DIST % Dec(7)  -1.75%* 10.44%%%  6.50%* 1.31 3.86%* 1.06 0.85
(0.71)
DIST * Dec(8)  -1.12% 13.64%*%%  9.96%**  3.10% 7.08%Fk 2 gg* 2.74% 0.60
(0.65)
DIST % Dec(9)  0.44 22.13%%%  19.82%KkK g QOFRE  7.26%KE  10.20%F*  10.82FF*  6.64%F*  3.56%
(0.71)
DIST % Dec(10)  -0.57 16.08%*%% 12 58%FF  4.86%* 9 7I¥FE 4 72%* 4.72%% 1.90 0.44  1.36
(0.70)
R? 0.70
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Table 3b: OLS Regression for Changes in total risk within a year (ASTD) as a function of interim performance.

ASTDF, = a1 STD(1)F, +Y.1%, (0/2“’ , + a3 jJEXCESSE, + ay, jDISngt) % Dec(j)
+ >, 6¢Year Dumy + sﬁt

Note: heteroscedasticity-consistent (White) standard errors are reported in parentheses; * * *, %% and * indicate significance at
the 1%, 5% and 10% level, respectively. The last nine columns present F-statistics on a test of differences: as4; = asa; (1 =1,...,9;

j=i+1,...,10).

coefficient ~ F(1) F(2) F(3) F(4) F(5) F(@6) F(7) F(8) F(9)
STD(1) -0.471%%*
(0.017)
EXCESS % Dec(1) 0.062%**
(0.011)
EXCESS % Dec(2)  0.055%**  0.16
(0.013)
EXCESS * Dec(3)  0.045%**  0.78 0.27
(0.016)
EXCESS * Dec(4)  0.033%* 2.76* 1.53 0.39
(0.014)
EXCESS % Dec(5)  0.040%* 1.22 0.56 0.05 0.13
(0.016)
EXCESS x Dec(6)  0.021 4.66%*  3.08%  1.28 0.32 0.75
(0.015)
EXCESS * Dec(7)  0.015 6.64%F*  4.60%* 216 0.84 1.41 0.10
(0.015)
EXCESS * Dec(8)  0.031%* 2.70 1.55 043 0.00 0.16 024 0.68
(0.015)
EXCESS % Dec(9)  0.034%* 2.11 1.15 0.26  0.01 0.07 038 090 0.02
(0.015)
EXCESS * Dec(10)  0.020 3.56* 2.35 1.04 027 062 000 006* 0.21 0.33
(0.018)
R? 0.70
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Table 4a: OLS Regression for Changes in systematic risk within a year (ABET A) as a function of interim performance.

ABETAY, = a1 BETA¥(1)i¢ + ¥1°, (af ; + aa ;EXCESSE, + a4, DISTE, ) + Dec(j)
+ >, 6tYear Dumy + sﬁt

Note: heteroscedasticity-consistent (White) standard errors are reported in parentheses; * * *, %% and * indicate significance at
the 1%, 5% and 10% level, respectively. The last nine columns present F-statistics on a test of differences: as4; = asa; (1 =1,...,9;

j=i+1,...,10).

coefficient  F(1) F(2) F(3) F(4) F(5) F(6) F(7) F(8) F(9)
DIST * Dec(1) -1.68%**
(0.26)
DIST % Dec(2) — -1.31%%* 1.18
(0.25)
DIST % Dec(3)  -0.93%** 5.56%* 1.63
(0.22)
DIST % Dec(4)  -1.14%%* 3.19% 0.38 0.64
(0.20)
DIST % Dec(5)  -0.87%** 6.09%* 2.05 0.05 1.00
(0.24)
DIST % Dec(6)  -0.74%** 10.75%%% 4. 70%* 0.69 3.42% 0.28
(0.17)
DIST % Dec(7)  -0.57*%* 14.53%%* 7 E8%*k 998 6.54%* 1.39 0.70
(0.17)
DIST % Dec(8)  -0.57%** 14.77%F% 7. 74%k% 235 6.74%%%  1.43 0.73 0.00
(0.17)
DIST % Dec(9)  -0.14 27.97FRE  QQIHEE  J(.78FFK 203Kk QgKER  gOTREE  435%k 4 45kx
(0.17)
DIST % Dec(10)  0.10 35.50%**% 25 90¥**  7.19%F* 99 OF5FF*  13.62%FF 16, 16%FF  9.82%**F  10.03%**  1.36
(0.18)
R? 0.63
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Table 4b: OLS Regression for Changes in systematic risk within a year (ABETA) as a function of interim performance.

ABETAE, = a1 BETA()Y, + 5210, (o ; + s j EXCESSE, + ay; DISTY, ) * Dec(j)
+ >, 6¢Year Dumy + Eﬁt

Note: heteroscedasticity-consistent (White) standard errors are reported in parentheses; * * *, %% and * indicate significance at
the 1%, 5% and 10% level, respectively. The last nine columns present F-statistics on a test of differences: as4; = asa; (1 =1,...,9;

j=i+1,...,10).

coefficient  F(1) F(2) F(3) F(4) F(5) F(6) F(7) F(8) F(9)
BETA(1) -0.767***
(0.014)
EXCESS % Dec(1) 0.019%**
(0.003)
EXCESS % Dec(2)  0.019%**  0.00
(0.003)
EXCESS % Dec(3)  0.013%** 160 1.46
(0.004)
EXCESS * Dec(4)  0.013%*  1.35 1.27 0.00
(0.004)
EXCESS % Dec(5)  0.011%%*  3.20* 2.97* 0.23 0.21
(0.004)
EXCESS % Dec(6)  0.003 13.18%*%%  12.08%F* 4 99%* 3.83% 2.59
(0.003)
EXCESS * Dec(7T)  -0.002 22.04%*%  2(0.80%F*  Q.46F*k  REFRX G OoTRERX 197
(0.003)
EXCESS * Dec(8)  -0.001 20.93%*%  19.61%F*  g44%Kk  THEREX G05FF  0.79  0.07
(0.003)
EXCESS % Dec(9)  -0.003 26.65%*F  24,92%%* 11 56%FF  10.34%%*  Q74%¥F* 199 0.05 0.27
(0.003)
EXCESS * Dec(10)  -0.004 25.21%%%  23.46%F*  11.71%Fk  10.50%%F  9.06%F* 257 0.29 0.65 0.12
(0.004)
R? 0.63
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Table 5a: OLS Regression for Changes in idiosyncratic risk within a year (AIDIO) as a function of interim performance.

AIDIOE, = cxIDIO()E, + 32}, 0 (ak ; + ag jEXCESSE, + au,; DISTY, ) * Dec(j)
+ >, 6tYear Dumy + Eﬁt

Note: heteroscedasticity-consistent (White) standard errors are reported in parentheses; * * *, %% and * indicate significance at

the 1%, 5% and 10% level, respectively. The last nine columns present F-statistics on a test of differences: as4; = asa; (1 =1,...,9;
j=1+1,...,10).
coefficient  F(1) F(2) F(3) F(4) F(5) F(6) F(7) F(8) F(9)
DIST % Dec(1) -1.50
(1.11)
DIST = Dec(2) 0.19 2.00
(1.60)
DIST * Dec(3) -1.22%%* 0.06 3.84%*
(0.52)
DIST * Dec(4) 0.36 2.51 0.05 5.50%*
(0.55)
DIST = Dec(5) 0.15 2.04 0.00 4.56%* 0.10
(0.51)
DIST * Dec(6) -0.96 0.20 2.15 0.13 3.17%* 245
(0.63)
DIST * Dec(7) -0.25 1.12 0.37 2.06 0.79 0.39 0.92
(0.57)
DIST = Dec(8) 0.23 2.26 0.00 5.33** 0.04 0.02 2.94* 0.58
(0.49)
DIST = Dec(9) 0.74 3.78%  0.63 9.82%**  0.35 0.93 6.06** 245 0.75
(0.48)
DIST  Dec(10) -0.64 0.53 1.26 0.73 2.06 144  0.19 0.31 1.87  4.77%*
(0.55)
R? 0.47
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Table 5b: OLS Regression for Changes in idiosyncratic risk within a year (AIDIO) as a function of interim performance.

AIDIOE, = enIDIO()E, +X23°, (o ; + a3, EXCESSE, + au,; DISTY, ) * Dec(j)
+ >, 6¢Year Dumy + sf’t
Note: heteroscedasticity-consistent (White) standard errors are reported in parentheses; * * *, %% and * indicate significance at

the 1%, 5% and 10% level, respectively. The last nine columns present F-statistics on a test of differences: as4; = asa; (1 =1,...,9;

j=i+1,...,10).

coefficient  F(1) F(2) F(3) F(4) F(5) F(6) F(7) F(8) F(9)
IDIO(1) -0.625%%*
(0.016)
EXCESS % Dec(1) 0.034%**
(0.008)
EXCESS % Dec(2)  0.033***  0.00
(0.008)
EXCESS * Dec(3)  0.014 2.85% 2.67
(0.009)
EXCESS * Dec(4)  0.012 3.37* 3.21% 0.03
(0.009)
EXCESS # Dec(5)  0.004 5.15%* 5.02%% 0.57 0.36
(0.011)
EXCESS % Dec(6)  -0.018* 15.48%**  1513%¥* 5 73%* 5.11%* 2.42
(0.011)
EXCESS * Dec(7)  -0.015 13.64%F%  13.48%F* 4 .84%* 4.27%% 1.89 0.03
(0.011)
EXCESS * Dec(8)  -0.020* 17.06%F%  16.61%F%  §.69%F*  6.02%* 3.00%%  0.03 0.13
(0.010)
EXCESS % Dec(9)  -0.020%%*% 28 14%*%*  27.29%%* 12 64%%* 11 71%% 647 071 112  0.45
(0.009)
EXCESS # Dec(10)  -0.040%%*  33.22%k%  3233%kx  17Q7k6k 159580k g gge* 237  301* 1.92 0.67
(0.010)
R? 0.47
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Table 6a: OLS Regression for Changes in total risk within a year (ASTD) as a function of interim performance.

ASTD¥, = a1 STD(1)}, + Y10, (ag, ;+ a3 JEXCESSE, + a4,jD15TN;ft) * Dec(j)
+ > 6YearDumy + €4 ¢

Note: heteroscedasticity-consistent (White) standard errors are reported in parentheses; * * *, %% and * indicate significance at
the 1%, 5% and 10% level, respectively. The last nine columns present F-statistics on a test of differences: as4; = asa; (1 =1,...,9;

j=i+1,...,10).

coefficient  F(1) F(2) F(3) F(4) F(5) F(6) F(7) F(8) F(9)
DISTN x Dec(1) -2.68%**
(0.47)
DISTN x Dec(2) -0.89%* 8.63%**
(0.43)
DISTN x Dec(3) -0.70 9.78%** 0.10
(0.48)
DISTN x Dec(4) -0.96%* 7.59%H* 0.01 0.19
(0.47)
DISTN x Dec(5) -0.51 9.91%** 0.35 0.09 0.50
(0.57)
DISTN x Dec(6) -0.75 7.60%F* 0.04 0.01 0.11 0.13
(0.59)
DISTN x Dec(7) 0.12 14.92%%* 216 1.42 2.63 0.80 1.55
(0.62)
DISTN = Dec(8) 0.56 12.28%** 2,64 2.02 3.07* 1.45 2.22 0.25
(0.86)
DISTN = Dec(9) 3.46%** 23.83%** 12, 50%FF  11.68%**  13.56%**  10.82%FF  12.38%k*  7.86***  5.09%*
(1.23)
DISTN x Dec(10)  4.66** 11.00%*%*  6.38** 6.04%* 6.76%** 5.74%* 6.38%** 4.56%* 3.59% 0.28
(2.22)
R? 0.70

34



Table 6b: OLS Regression for Changes in total risk within a year (ASTD) as a function of interim performance.

ASTD¥, = a1 STD(1)}, + Y10, (ag, ;+ a3 JEXCESSE, + a4,jD15TN;ft) * Dec(j)

+ >, 6tYear Dumy + Eﬁt

Note: heteroscedasticity-consistent (White) standard errors are reported in parentheses; * * *, %% and * indicate significance at

the 1%, 5% and 10% level, respectively. The last nine columns present F-statistics on a test of differences: as4; = asa; (1 =1,...,9;
j=1+1,...,10).
coefficient  F(1) F(2) F(3) F(4) F(5) F(6) F(7) F(@B) F(9)
STD(1) -0.465%***
(0.017)
EXCESS % Dec(1) 0.067***
(0.011)
EXCESS x Dec(2) 0.063*** 0.05
(0.013)
EXCESS x Dec(3) 0.049%** 0.99 0.59
(0.015)
EXCESS * Dec(4) 0.044*** 2.01 1.30 0.07
(0.013)
EXCESS x Dec(5) 0.050%** 0.73 0.42 0.00 0.10
(0.017)
EXCESS x Dec(6) 0.032%* 3.90%* 2.90%* 0.72 0.42 0.74
(0.012)
EXCESS * Dec(7) 0.022 7.30%** - 5.62%¥F  1.97 1.55  1.90 0.28
(0.014)
EXCESS * Dec(8) 0.033** 3.93** 2.85* 0.63 0.34  0.65 0.01  0.39
(0.014)
EXCESS x Dec(9) 0.021 6.54%* 5.11%* 1.84 144 1.79 0.27 0.00 0.38
(0.015)
EXCESS % Dec(10)  0.004 6.75%*¥*  5.75%F  2.96*% 254 2.88% 1.15 050 1.34 0.46
(0.023)
R? 0.70
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