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Abstract

In this paper we address tissue of investorsisset allocatiodecisions when they delegate
portfolio management to aagent. Contrary to predictioriom traditionalfinancial theory,

it is found that investors may not induce their fund manager to allezsfiends tothe asset
with the highestreturn. Insteadhey may wish toinducetrade in a particular assdiecause
another manager is trading in it and despie presence of a mopgofitable alternative.
Doing so allows investors to write atfficiency-improving relative-performanasontract.
On the othehand, herding leads principals to desigage contractstrategically, resulting
in more aggressive and thiess profitabldrade inequilibrium. Weshow that investors herd
in their asset allocation decision, when manageessufficiently risk averse or when the
precision of their information is low. We also show that wpencipals can decide whether
or not todisclose informatiorabouttheir manager’s performance, theyl wmot do so and
thus the problem of designing contracts strategically can be avoided.

Journal of Economic Literatur€lassification Numbers: G14, G23, D82
Keywords Fund management, moral hazard, relative performarw@racts, herding,
strategic interaction

" 1 wish tothankJamesDow for his excellent supervisioandKlaus Adam, Bruno Biais, Rainer Kiefer and
RobertWaldmannfor helpful discussions. | have benefited frone feedback ofseminar audiences at the
European University Institute, London Business Schtw, AFFI 1998 conferencand theEFA 1996
Doctoral Tutorial in Finance.would like to acknowledgénancial support from the European Investment
Bank. All remaining errors are mine.



1. Introduction

A large amount of assets on stock and bond markets are traded by
professional portfolio managers wlhaoe employed by institutional investors. At
the end of 1994, institutional investors hel8$ 2.9 trillion in US equities, which
amounts to 46.6% of the total. This compares to 44.5% at the end of 1990 and
26.7% at the end of 1970.

One of the most important decisions an investor faces is the choice of
assets iwhich to invest. Traditional financial theory likke CAPM predicts that
this choice should be entirely determined by the risk return characteristics of an
asset. Contrary to this prediction, we show that investagswish to inducéheir
respective fund managers to trade in a particular asset, because another manager
Is trading in it and despite the presence of a more profitable alternative. Investors
may thus herd in their asset allocation decisiorth the resulithat if there are
two assetswith identical characteristics, the mark&ir one asset displays
informed trade and highly efficient prices, while no inforntedle and inefficient
prices occur in the market for the other asset.

Thedriving forcefor our results is the moral hazard problem between the
investor and the fund manager. We consider a model with two principals who
each delegate the management of their portfolio to a different agenag&hey
problem considered here features two instances of moral hazard. Firstly,
managers need to acquire costly information to learn about the future value of an
asset, where the acquired information is unknown to the principal. Secondly, a
manager chooses a trading strategy which is unobservable by the principal. Before
offering a wagecontract to his manager, each principal chooses one aligs&ts
in which he wishes his fund manager to trade.

When a manager is the only informieadder in a market, a managewage
contract is solely based on individual performance. When another fund manager

trades in the same market, comparative performance information (henceforth

! See New York Stock Exchange Fact Book (1995).



CPI) becomes available amehges can be based on relative performance. As is
well known from the literature on CPI (see for example Holmstrom, 1982 and
Mookherjee, 1984), this is desirable because it improves the insurance-efficiency
trade-off of contracting in an agency problem with moral hazard. We #naiw

the benefits of CPI and thus herding increa#th the managers’ degree of risk
aversion and decrease with the precision of information about asset value.

In contrast to other treatments of herding, our results suggest that herding
might not be such a bad thirdter all. In our setting, herding is induced by the
principals in order to mitigate the inefficiencies associated with delegesiter
than an instance of inefficiency, as for example in Scharfstein and Stein (1990).
Moreover, herding increases the efficiency of prices of the asgdtiah agents
herd, rather than reducing it as in Froot, Scharfstein and Stein (1992).

Furthermore, we identify the strategic use of comparative performance
information to induce aggressive trading (high trading intensities) by fund
managers as a cost of using CPIl. In most of the existing literature (see
Holmstrom, 1982, and Mookherjee, 1984) the use of CPI comes at rfp cost
because one agent’s action does not affect the “productivity” of the other agent.
In our setting, however, informed trade by one agent exerts a negative externality
over the profitability of the other agent’s trade.

The managers’ optimal trading strategies depend orwHge contracts
they receive. This allows principals to usagecontracts strategically in order to
induce a more favourable type of trading behaviour. Wageracts thus do not
only serve the purpose of mitigating inefficiencies arising from delegation, but

also affect the market interaction between the managers. Comagteus also

2 Meyer and Vickers (1997) is an exception this. They showthat in a dynamic settingGPl may be
undesirable, because it exacerbates the ratchet effect, i.e. reduces an agent’s incentives to exedraéort

because he anticipates that a high effort level today will result in a more demanding contract tomorrow.



be used strategically, as, e.g., in Vickers (1985), where delegation is a strategic
device, when two or more principals interact.

When designing wageontracts principals do not take into account that a
higher trading intensity of their own manageerts a negative externality over
the other manager’s profitability of trade. Therefore, the equilibrium in our model
featuresvagecontracts that induce trading intensities that are above the collusive
level.

In order to study the costs and benefits of comparative performance
information, we also consider the case where therenlg one market, but
principals carex antedecide whether or not to disclose information about their
manager’'s performance. We show that in equilibrium, principals never
disclose performance information and can thus use the endogenous choice of
information disclosure as a device to avoid the problems arising from strategic
interaction. We characterise the set of parameterw/iitcch investorsare better
off when the information disclosure decision is endogenous compared to the case
where they are forced to disclose this information. This problem is interesting
from a regulator’s point ofiew who may have taecide whether or not funds
should be obliged to disclose performance information.

Other authors (e.g. Scharfstein and Stein, 1990, Trueman, 1994, and
Zwiebel, 1995) have shown that herding among agehntsare evaluated relative
to their peers might result due to reputational concerns. In this paper we neglect
reputational concerns and focus instead on explicit incentives. Herding, however,
remains an important issue, as agents’ explicit incentives are based on relative

performance and hence one agent’'s actions do affect another agent’s incentives.

% Kyle and Wang(1997) develop a model sfrategic delegation of fund management activifiégy focus

on thepossibility of survival ofrrational agentswho are overconfident intheir own forecasting ability and
showthatsuch traders casurvive because there committed téradingaggressivelythus crowding out to
some extenbther informed agents’ trades. Theiodel, however, only dealsith the strategiaspect of

delegation and does not examine the effect of incentive contracts in such relationships.



Herding in our treatment occurs in the sense that one principal induces acquisition
of a piece of information, because another agent acquires the same piece of
information. This corresponds to the concept of herding as in Brennan (1990),
Froot, Scharfstein and Stein (1992), and Dow and Gorton (£994).

The paper closest to ours is Maug dddik (1996). They examine the
guestion of asset allocation in a modath only one principal agent relationship.

One of two available assets is characterised by the presence of an informed (profit
maximising) traderwhile there is no informed trade in the other asset. They
explore the design atagecontracts to the fund manager and investigate under
which circumstances the principal accepts herding by the agent, despite the
reduction in expected trading profits resulting from having more than one
informed trader in that asset.

In contrast to our treatment, Maug aNaik assumehat the choice of
asset is non-contractible and thus herdivay occur when it is not desired by the
principal. More importantly, they assume that agents submit orders sized so as to
maximise expected trading profits, rather than the agent’s expected utility, given a
specific wagecontract. However, in order for the agency problem to be
meaningful, order size must be endogenously determined by the fund manager.
The trading intensity thus constitutes an additional dimension of moral hazard.

Moreover, by assuming that thereasly one principal-agent pair, Maug
and Naik donot capture the element of strategic interaction between the two
principals, which turns out to be crucial when contracts are based on CPI.

Another novelty of our model is that we explicitly consider the impact of
wagecontracts on the trading strategy of the fund manager. Papers deitiing
the question of optimalagecontracts for fund managers include Bhattacharya
and Pfleiderer (1985), Stoughton (1993) and Heinkel and Stoughton (1994). In

their models, fund managers can acquire superior information about asset values

“ It contrasts with herdindue to informational cascades as in Welch (19BRhchandani, Hirshleifer and
Welch (1992) and Banerjee (1992) among others.



and then either reveal the information directly through an announcement, or
indirectly through the portfolio choice. Wages are then based on some measure of
forecast error.

In their models the problems of direct and indirect revelation of
information are isomorphic and hence it is justifiable to study the problem of an
information announcement, as the equivalent of a delegated portfolio
management problem. This equivalence, however, hinges on the restrictive
assumption that asset prices are perfectly inelastic. If asset prices are elastic, the
trading decision affects prices and therefore the economic value of the gathered
information. The problem of forecasting the return on an asset and the problem of
portfolio choice thus cease to be isomorphic.

In order to model the managers’ behaviour on the asset marketpwe
away from the perfectly competitive Rational Expectation Equilibrium as in
Grossman and Stiglitz (1980). Instead we consider a simple noise trader model in
the spirit of Kyle (1985) which incorporates monopolistic behaviour of
speculators in the presence of noise traders and a market makeeta/ioe price
such as to break even in expectation on the trades he executes.

The paperwill proceed as follows. In Section 2 we develop the basic
framework. Section 3 derives equilibrium trading and price setting strategies as a
function of the contracting parameters and the assets chosen by the principals.
Section 4 derives the optimal linear incentive scheme under non-herding and
herding, and illustrates the impact on equilibrium trading strategies. Section 5
contains the main results concerning the principals’ choice of herding versus non-
herding. Section 6 endogenises the choice of disclosure of performance
information and illustrates when it would be desirdbleprincipals to have that

choice. Section 7 concludes. The Appendix provides the proofs.



2. The model

There are six agents in the econortwo principalsP; (i=1,2), two fund
managers$; and two market makeid, (I=A,B). Each principal employs one fund
manager, where the fund managers are assigned to a principal before the start of
the game. We assume that there are many fund managers that could be hired and
therefore the principal is able to extract all the surplus from the fund manager’s
activity.

When contracting with a manager, each principal first determine@iioh
of two available assetsA,B he wishes his manager to tradéis assumed to be
ex postobservable and verifiable in which market the manager traded. Each
principal P; can thus offer a contract thatll force manageF,; to trade in assé{
as determined in the contract. For notational simplicitywle not include the
wage payments in case of trading in the "wrong" market and instead formulate the
wage payments givetiie correct choice. The choice of assets becomes common
knowledge among all agents and cannot be renegotiated.

Subsequently, the principals simultaneously offeragecontract to their
manager who decide whether agcept or reject it. Avage contract between
principal P; and agent is a triple G, ={q;, Bi, v}, which determineswage
paymentsy; from principalP, to agenf; as

W =0 + BT - ViTg i=1,2 j=1,2, i#] (1)
where 1 denotes agerits realised trading profits. LeEB(C; ,G; [l;, |; ) denote
principal P’'s expected payoff when the principals choose contréGtE<f, given
that they have already chosen asskt$ {.

Both fund managers hav@ARA utility, with the same coefficient of

absolute risk aversion

® Fundstypically market themselves by referring toparticular investmentbjectiveand style. Therefore,
before performance comparisons betwefeimd managers are made, the funds tgpecally clusteredinto
groups that differ through the market they invest in and their investment style. For an appraisehoicthe

of the clusters that serve as benchmarks of performance comparison see Tierney and Winston (1991).



Ui (Wi, K) = -exp (£ (i - ki)

Wherek; =0 if agenti does not acquire information akd= c with ¢ > O if
he does. Agents have reservation wafe

Once managers have acceptedagecontract, its terms become common
knowledge to all agents andiage contracts cannot be renegotiatedhe
managers then decide whether or not to acquire information about the value of the
previously chosen asset and subsequently trade on their information. The trading
strategy is chosen by each manager such that it constitutes a Nash equilibrium
between traders and market maker in the trading subgame.

Each of the two assets is tradedomly one market=A,B and in each
market there is one market makdr with whomtrades can be executed. Since
each asset isnly traded in one market, the choiceasiet inwhich totrade is
equivalent to a choice of market and wi# subsequently refer to the choice of a
market.

When a manager acquires information he receives a noisy sigm@dlout
asset valug, . Theex anterelationship between the signal and true valugvien
by

X =Y +7
wherey, ~ N(O,V), Z~ NO, Y¥). Both random variables are independent of one

another andz is the residual noise of asset value after information has been

acquired.
Subsequently the agent can submit an otdir the asset to the market
maker whaosets the price of the assetwdtich he is willing toabsorb all the order

flow. Trading thus results in profits

® This corresponds to the assumptipically made inthe strategic delegation literatuseherebycontracts
are publicly announce@nd cannot bsecretly renegotiated. Dewatripont (1988)d Caillaud, Jullien, and
Picard (1995) find precommitmeaffectsthroughpublic announcements of contracts, even when contracts

can be secretly renegotiated.



T, =t(X - 7). (2)

Apart from the order by the informed speculator, total order flow in each
asset contains a noisy componeént which is normally distributed with mean
zero and variance".” We assume that all random variablég {Vs, Zs, Z, Th, T}
are independent of one another.

Market makers are assumed to be in Bertrand compettioich implies
that they set prices so as to break even in expectation. Hence, the price is set such
that it equals the expected value of the aggegn the information contained in
total order flow. Thusp, =E[x[T|], whereT, denotes total order flow in markiet
The presence of noise traders ensures that the speculators’ witlenst
perfectly reveal their information about asset value.

Table 1 illustrates the sequence of games that are played. Stages 1 and 2 of
the game are simultaneous move games between the two principals. Stage 3 is a

simultaneous move game between the two managers and the market maker.

Stage 1 Stage 2 Stage 3

Principals Principals simultaneously Given theassetchoice and

simultaneously choose choose theparameters fo the parameters of theage

an asset inwhich they  the wagecontract,given the  contracts, agentschoose

wish the fund manager choice ofassetsnade in the their trading strategy as a

to invest. first stage. Nash equilibrium in the
trading game.

Table 1 The sequence of games played between the principals and the agents

Definition: An equilibrium is defined asl{, l,, C,’, C,, t1, t2, Pa, Ps }, Such
that fori, j = 1,2; i and forl; , {O{A,B}:
(i) The price functionp(T,) and the trading stratedyy,) satisfy:

(@ t Oarg maxE[Uiw, 0)IC, G, Ii, 1], vi]

*
[

" The rationalefor the random tradingomponent is the presence of liquidity tradevep may have a

hedging need and therefore trade in akset



(b) P =EXT GG I I]
(ii) The wage contractsG’, C;'} solve

G':T‘Ei.a\?.( EB(C,, le Ii*, IJ*) = (1-B|)ETI] +y|ET|i - (P)
S.t.

E[Ui(w, 0)|C, C;, Ii', ;'] = E[Ui(w, O)IC;, C;, |17, 1] (IC)
E[Ui(w, ¢)IC,, G, 17, 1] 2 U(W) (PC)

Denote byEB(l;, 1) =EB(C’, C[1;, 1).
(iii) The choice of assets( ;") satisfies:
EB(", 1) 2 EB(l;, I}")
(iv) Each principal's expected payoff in equilibrium satisfies an individual
rationality constraint
EB(, 1) = 0.

To summarise, each agent chooses a trading strategy maximising his
expected utility,given a price function othe market makergiven his own
contract and the opponent’'s contract agiden the choice of assets by the
principals. Anticipating the managers’ behaviour in the trading subgame,
principals chooseavage contracts so as to maximise their expected paff)f
given the choice of assetd.{ |,}, where wagecontracts have to satisfy the
managers’ participation constraints (PC) and incentive compatibility constraints
(IC). Moreover, we require that the choice of assets constitutes a Nash

equilibrium.

3. Equilibrium strategies in the trading subgame
In this section we solve the last stage of the game as a function of the outcome of
the previous two stages. This corresponds to finding a price function and trading

strategies according to definition (i). Throughout this section it is assumed that



both fund managers accept the contract and that the contracts are incentive
compatible, i.e. managers actually do acquire information.

There arawo different cases that need to be distinguished. First, agents
may be induced to get informatbout and trade in different asset$ich will be
called the non-herding case (ilgzl,). Second, agents may be induced to get
informed about and trade in the same asgaich will be called the herding case

(le |1:|2).

3.1 Trading equilibrium under non-herding

Propositionl: There exists a unique linear equilibrium of the trading subgame
when agents get informed about and trade in different assets. Assume (w.l.0.g9.)
that agent 1 trades in asgetwhile agent Zrades in assd®. Then equilibrium

order sizes are given by
t' =8y, , (3)
and the price setting strategy of the market maker for Agsajiven by

Py =Aa(E + 1), (4)

whered," andA," are given by equation (9) and (10) in the Appendix.

Agent 2’s trading strategy and the price setting strategy by the market
maker for assd® are given by the same formula with indices changed
appropriately.

Proof see Appendix.

Properties of the trading equilibrium under non-herding

In the non herding equilibrium, the amount of trade of one agent is entirely
independent of the other agent’'s trading decision, of the relative performance
parametery, as well asthe characteristics of the other asset. The reason for

independence is that agents have CARA utility.

10



Note thatd" is an implicit function of, B, V¥, V%, V", given by substituting

(20) into (9). Using the implicit function theorem it is straightforward to show

N N

00 00
h <0
that o and

<0, i.e. the optimal trading intensity is a decreasing

function of the incentive payment and the degree of risk aversion. From this we
can also conclude that the first-best trading inter®si#d"(r=0) is larger than the
one thatwill be chosen by a risk averse agent whose incentive payfeést
positive. This implies an agency cost due to suboptimally small trading intensities

when the trading decision is delegated to a risk averse agent.

3.2 Trading equilibrium under herding
Proposition2: There exists a unique linear equilibrium of the tradjage under
herding. Assume (w.l.o.g.) that both agents trade in ass@&he equilibrium
trading strategy for agent 1 is given by

t," =8,y )
and the price setting strategy of the market m&keis given by

Pa =ML+ +1), (6)

with &;' and A", given by equation$13) and (14) in the Appendix. Trader 2's
trading intensityd ) is also given by equatiofl3), with indices changed
appropriately. Moreovepg = 0.

Proof see Appendix.

Properties of the trading equilibrium under herding

First, note that when agents herd in say a&sab informed trade in asset
B occurs and henga = 0, i.e. the price for assBtcontains no information about
asset value.

Equation (12) in the Appendigives trader 1's best response in trading

intensityt; as a linear function of the opponent’s trading intensityf y;=0, an

11



increase irt, will lead to a decrease if holdingA constant. Trading intensities

are strategic substitutes and the two managers intiskacCournot duopolists

when determining their trading strategies. On the other hafegryf the trading

intensityt; increases with, and trading intensities are strategic complements.
Moreover, it can be verified easily, that in the case of perfect insurance for

the managers (i.eBi=y1, B>=Y.), the equilibrium in the trading subgame

degenerates to infinitely sized ordefs'E o, i=1,2) and zero trading profits.

Since managers anticipate the outcome of the trading subgame, they would never

find costly information acquisition incentive compatible. We can therefore

already conclude that optimal wage contracts under herding cannot feature perfect

insurance.

4. Optimal wage contracts

We now turn to the optimisation problem each principal faces at the second
stage, i.e. after a choice of assets has been made. He maximises the expected
payoff from offering a contract, taking gazenthe contract of the other principal
and the agents’ actions they induce. At the stage where principals determine the
parameters of th&vagecontract, each princip& faces the optimisation problem
stated in definition (ii). For a pair of contracts to be an equilibrium, we require it
to be a fixed point of the best response correspondencagecontracts of each
of the principals.

First, wewill derive the optimalwage parameters of a contract for the
cases that principals induce agents to trade in different assets. Then we analyse

the case where principals induce agents to trade in the same asset.

4.1 Optimal wage contracts under non-herding
From section 3.1 wknow that if agents trade in different assets, principal

P’s problem of choosing an optimal contract is independent of prinéifsl

12



choice of contract. Hence, there is no strategic interaction between the principals
when designing thevagecontracts. For this case we can derive the optwaale

contract:

Proposition3: For exp(2c) - 1< V’/V* the optimal contracting parameters in the

non-herding case are given’by

aN=w,
y'=0,
4 UV +2v?) +Juz(vy2 + 4vzvy)+ Vi
and BN == , (7)
r 2V"VY(VY - uv?)
where u=e’c-1.

If exp(2rc) - 1 >V/V* there exists no contract that satisfies the agent’s incentive
compatibility constraint.

Proof see Appendix.

Hence, the optimalvage contract under non-herding features no relative
performance component'€0), which is not surprising, givehat agents’ actions
are independent of one another and that the performance of both managers is not

correlated.

BN

Taking the first derivative op" with respect ta yields o

>0, i.e. the

incentive payment increases with the degree of risk aversioncdhisastswith
other results in agency theory (see e.g. Milgrom and Roberts, 1992), where the
optimal incentive payment decreases with the degree of risk aversion.

The intuition for this result is as follows. In our setting the incentive
compatibility constraint (IC) is directly linked to the degree of risk aversion,
because the agent can affect the riskiness ofvage by his trading decision. In

particular, if the agent decides not to acquire informationyilieoptimally not

8 Subscripts andl are omitted as only one agent and one asset matter here.
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trade at all and thereby cancel out any risk inWagie. The more risk averse an
agent is, the higher the incentive payment has to be in order to induce him to take
the risk that he necessarily incurs when trading.

Note moreover, that, as shown in Section 3, an agent’s trading intensity is a
decreasing function @ andr. Thus an increase mnot only reduces the chosen
trading intensity directly, but also indirectly through an increase in the optimal
incentive payment. Hence, agncreases the trading intensity moves furthsay

from its first-best level and the principal’s expected payoff decreases.

4.2 Optimal contracts under herding

Let us now turn tadhe contracting problem when both principals induce
their managers to trade in the same asset. As discussed in Section 3.2, managers
act as duopolists under herdinghich gives rise to strategic interaction between
principals when designing tlveagecontract. In particular, a principal can ensure
that his agenwill trade more aggressively (increase the choiceinfthe trading
subgame) by increasing the relative performance parameiéns can be seen
from the best response function (12) in the Appendix. The negative impact of
large order sizes on trading profits is not internalised and hence contracts offered
in equilibrium will induce trading intensities that are higher than if principals
could collude when designing the wage contracts.

Lemma 2 in the Appendigtates the incentive compatibility constraint for
agents in the case of herding. With the use of Lemma 2 the programme in
definition (ii) can be solved numerically, which yields the unique and symmetric

equilibrium of the wage contracting game.

14
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Figure 1: Shows theequilibrium trading intensities as a function tfe coefficient of
absolute risk aversion under optimal wagatracts in the case bkrding (solid line), the
case of herding with collusion among princip@sttedline) and under non-herding (dashed
line). The firstbest total tradingntensity isd=2. For r>0 the tradingntensity under non-
herding is always belowhe first bestlevel. The tradingintensity under herding islways
above thdirst bestlevel and also above thellusive level.The parameter valuesec=0.1,
V'=2,V =0.5,V* =1.5.

Figure 1 shows the equilibrium trading intensities as a function of the
coefficient of absolute risk aversion for the case of herding (solid line), herding
with collusion among principals (dotted line) and non-herding (dashed line).
When managers herd, the total trading intensity is above the first best level (in
this example ab;+d, =2) and above the collusiMevel, which illustrates the
effect of strategic interaction among principals on the equilibrium trading
intensities. Moreover, total trading intensity under herding is a decreasing
function of the degree of risk aversion. As agents become more risk averse it
becomes more costly to induce them to trade aggressivhlgh mitigates the
strategic interaction problem.

On the other hand, as shown in section 3.1, when managers do not herd,
the optimal trading intensity is always below the first-best level and decreasing in

the coefficient of risk aversion.

15



5. The choice of herding versus non-herding

In this section we characterise the conditions under which it is a Nash
equilibrium for principals to induce managers to herd or not to herd. This
corresponds to the first stage of the game (definition (iii)), where principals
choose an asset for their manager to trade in. Whaking their choice,
principals take their opponents choicegagen and anticipatéhe actions induced
in the two subsequent stages of the game.

For any choice of i, I}, principals receive the expected payoff as
characterised in the previous sections. Payoffs as a function of asset choice can

thus be summarised in the following payoff matrix

|2:A |2:B
11=A EBL(AA), EBy(AA) EB.(A,B), EBy(B,A)
1,=B EB.(B,A), EB(A,B) EB.(B,B), EB,(B,B)

Table 2 This table provides the payoff matrix for the choice of asset of each prindpa. S
the wage contracts adesigned aftethe choice of asset beconmmsnmon knowledge to all
players,the expectegbayoffsaregiven asthe optimal payoffs from herding/non-herding as
characterised in the previous sections.

To highlight the importance of the insurance motive for herding, suppose
in what follows that both assets have identical characteristic¥,.2.Vg" , Va* =
Vs*, VA" = V&' In this case the motive for herdimgll not be that one asset is
inherently more profitable than another and therefore both principals prefer to
induce trading in that same asset.

An equilibrium will feature herding in one of the two assets if anty if
EB.(A/A) = EB,(B,A) andEB,(AA) = EB,(A,B). By symmetry these conditions
will either both be violated or both be satisfied. ThereforeEBf(AA) =

16



EB,(B,A) the equilibrium displays herding (in either asset) and non-herding

otherwise.

Expected payoff to the principal under herding/ non-herding
0.3 T T T T T T T

Payoff under non-
0.25F herding

Payoff under herding

0.05F

0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4
Coefficient of risk aversion r

Figure 2. Plots the expectedayoff to a principalunder herding(dotted line) and non-
herding (solid line). The parametexse c=0.09,V" =0.5,V* =1.5,V" =1.5. Expecteghayoff
under optimal herdingontracts is amcreasing function othe degree ofisk aversion over
some range of. An increase irr mitigatesthe detrimental effect of strategic interaction
between the principals.

We find that the expected payoff to the principal in the herding case is an
increasing function of the coefficient of risk aversion, fonot too large. In
Figure 2 expected payoff at the optincantract is plotted for different levels of
risk aversiort. It can be seen that in a region where the coefficient of absolute risk
aversion is not too high, the expected payoff to the principal is increasing in the
degree of risk aversiofl.This result contrastsith other results in agency theory
(see Milgrom and Roberts) amdth our result in the non-herding case, where the
agency cost increases with the degree of risk aversion, due facththat the

insurance-efficiency trade-off worsens as the agent becomes more risk averse.

° In this and all the following simulations, parameters are chosen such that the investors’ individual
rationality constraints, given in definition (iv), are satisfied.

9 Once thedegree ofrisk aversion increaseseyond acertain level, expectedpayoffs fall, because the
increasingly negative impact of the insurance need oefflogency ofthe contract will dominate theffect

of “too large” order sizes.
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The intuition for this result is simple. As discussed above, both principals
face the problem of strategically designing wegecontracts of their agents such
that they are induced to trade more aggressively waand be optimal if both
principals could collude. As agents become more risk averse, it becomes more
costly to induce managers to trade aggressively. Therefore, the problem of
submitting “too large” orders is mitigated when managers become more risk
averse. On the other hand, as shown in section 4.1, an increase in the degree of
risk aversion is costly in the case where CPI is not available. Therefore herding is
a Nash equilibrium in the choice of assets for sufficiently high values of

Of course, expected payoff to the principal depends also on the other
parameters, namely the variance of noise trade, the variance of the signal and the
variance of the asset vales ante For a givenex antevariance of asset value,
consider an increase in the variance of the signal received by the traders. An
increase iV’ for constantV’+V*, corresponds to an increase in the information
content of the signaf. A more informative signal means not only higher expected
trading profits, but also a reduction in residual risk. This suggests that the
insurance need and hence the case for herding, is larger when the signal precision
IS low.

Figure 3 shows theet of parameters,(\*) for which herding is a Nash
equilibrium in the choice of assets. In this simulal@fV” is constant and hence
an increase in/ corresponds to an increase in the information content of the
signal. For a given level of risk aversion, an increase in signal precesioces
the residual risk associated with trading and hence reduces the manager’s
insurance need. Correspondingly, herdiiigjonly occur for alow level of signal
precision. Similarly, an increase in the coefficient of absolute risk aversion raises
the manager’'s insurance need and reduces the strategic interaction problem

between the principals. This increases the expected payoff to the principal of

1 The informativeness of the signal can be measur& /@g’+V?), which is the regressioroefficient ofy

onx. Itis linearly increasing iv’, for VV+V’=constant.
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Herding versus non-herding

0.95F V=25 /.
0.9} =y
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0.8
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Figure 3: lllustrates theequilibrium choice of herding versuke non-herdinglecision. The
parameters are=0.09, VV+V=1.5. Thesolid line isthe region ofindifference between
herding and non-herding fM'=2.5 and thelotted linefor V' =1.7. For agiven level of risk

aversion, an increase W (increase in precision dhe signal) reduces thensurance need
and increasethe payoff under non-herding relative to herdirgmilarly, anincrease in the
coefficient of risk aversion increasdise insurance need and mitigatéise problem of

strategic interaction amongst principals when choosing the wage parameters.

using CPI that becomes available under herding. Hence, herding is a Nash
equilibrium for high levels of risk aversion.

Moreover, we observe that the region of parametersnvfach herding
occurs decreases with an increase in the variance of noise trade. This seems
counterintuitive, given that an increase in the variance of noise trade increases the
execution risk for the trader (i.e. the riskiness of the clearing price reftang
submitted an order). On the other hand, an increase in the variance of noise trade
leads to a flattening of the best-response functions (12) of each trader’s trading
intensities. In the contracting stage of the game, flatter best response functions in
trading intensities lead to an exacerbation of the strategic interaction problem
between the principals, which ultimately leads to a reduction in the expected

payoff from herding relative to the payoff under non-herdinGeteris paribus

2 The actual expected payoff from herding increases with the variance of noisdéwaleserading profits

are an increasing function of the level of noise trade in the market.
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we wouldtherefore expect to see herding in markeith lower levels of noise

trade.

6. Strategic non-disclosure of performance information

In this section we address the questiorh@iv the inefficiency of setting
the contracting parameters at values that induce too high trading intensities can be
mitigated. Wewill therefore focus on the case where therenig oneasset and
both agents trade in that asset, i.e. the first stage of the game, when principals
choose an asset is deleted. Insteadwilleintroduce another first stage of the
game, in which principals can choose simultaneously whether or not to release
information about their manager’s performance, once trading profits are realised.
The information disclosure decision is takejyen optimal contracting and
trading strategies in the subsequent stages of the game. The decision is assumed
to be irreversible and becomes common knowledge before contracting parameters
are chosen.

The equilibrium of the trading subgame is sgjiven by Proposition 2,

except thay;=0, if principalP; does not disclose performance information.

Proposition4: The unique Nash equilibrium in the information disclosure game is

for both principals not to disclose performance information.

Proof. Note from equation (12) in the Appendix (best response function in trading
intensities), that an increaseyinresults in an increase &, holdingA constant.
Sincej’s choice not to release information resulty#0, the trading intensity of

J's opponent will be lower, when CPI is not available to him. A lodygnowever,
makes principa) better off, regardless of whether or not his opponent releases
information. Hence, it cannot be part of any Nash equilibrium for a principal to
release information about his manager’s performance.

g.e.d.
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If both principals decide not to release performance information, they are
constrained to offer individual performance contracts. Although each manager’s
equilibrium choice of action still depends on the opponentge parameters,
there isnow a uniqud3 that makes the incentive compatibility constraint binding.

By omitting CPI, principals can commit to reducing the number of degrees of
freedom in the contract by onehich avoids the detrimentaiffect of strategic
interaction. At the same time it removes the insurance gain from offering relative
performance contracts.

Now compare the effect on principals’ expected payuofifen they play
the information disclosure game (and hence no information is released), to the
case where information is always released. This amounts to a comparison of the
benefits of using CPI (increase in the insurance-efficiency trade-off in
contracting) and the losses of using this information, whrehmanifested in the
strategic interaction problem between the principals at the contracting stage.

An increase in the variance of noise trade increases trading profits and
therefore expected payoff to the principal in either case. As discussed in the
previous section, an increase in the variance of noise trade exacerbates the
strategic interaction problem between the principals, because the traders’ best-
response functions in trading intensities become flatter. As illustrated in Figure 4,
the loss due to offering aggressmw@ge contracts outweighs the gains of using

CPI, when the variance of noise trade is high.

21



Expected payof
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Figure 4: The solid line plots expectedpayoff to the principal when performance
information is released and contracting parametees setsuch that they constitute an
equilibriumaccording to Section 4. Tootted lineshows expectedayoff whenCPI is not
available.For high levels ofthe variance of noisdrade itbecomes more profitable for
principals to omit relative performance informatidRarametervalues are c=0.1, r=1,
V=v=1.

On the other hand, an increase in the degree of risk aversion, increases the
benefit of using CPI and mitigates the strategic interaction problefigume 5
the expected payoff under optimal contracts is plotted for the case @#ieis
available (solid line) and when it is not available (dotted line). Expected payoff
increases with the degree of risk aversion w@éh is available and decreases
when CPI is not available.

We can therefore conclude that for high levels of noise tradéanigvels
of risk aversion, principals are better off not using CPI. As shown in Proposition
4, one crediblevay to achieve this is to endogenise the choice of information
disclosure. This of course, raises the normative question of whether or not a
regulating authority should leave this choice to the principals. Our results show
that CPI increases competition between funds through an increase in equilibrium
trading intensities and hence also the information content of prices. A welfare

analysis is beyond the scope of this paper, but our model proposes a framework
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for study of the interdependence of information disclosure, competition among

traders and informativeness of asset prices.

0.12

Expected payoff
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Figure 5. The solid line shows expect@adyoff to the principal whenCPI isavailable as a
function ofthe degree ofisk aversion. Thelotted lineshows expectegdayoff whenCPlI is
not made available. Athe degree ofisk aversion increasef)e externality problem under
CPI ismitigated andthe insurance benefit o€PI incrases. Hence, omittinGPI is only
beneficial for low degrees of risk aversion. Parameter values-are, V' =\ =V* =1.

7. Conclusion

In the preceding study we explored the contracting problem between a risk
averse fund manager and a principal aow this contracting probleman give
rise to herding of investors’ asset allocation decisions. In our treatment, fund
managers have discretion over two sets of actions, botwhath are non-
contractible. Firstly, a fund manager decides whether or not to acquire costly
information about the value of an asset. Secondly, he chooses the trading
intensity, which determines his order size as a function of his private information

about asset value.

13 A welfare analysis wouldequire endogenous noiseders, whichcould be modelled asational agents
with a hedging need. For a model with noise trade duational hedgerssee Spiegehnd Subrahmanyam
(1992).
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In order to model this last instance of moral hazard, we use a market maker
model similar to Kyle (1985). When designingvagecontract, a principal has to
take into account that his agent’s actions have to be implementable as a Nash
equilibrium in the trading subgame between a market makegwmnsmanager
and, possibly, another fund manager.

By inducing their managers to trade in the same asset, principals are
enabled to use comparative performance information to design reletige
contracts. CPI has the benefitiofproving the insurance efficiency trade-off of
the wage contractyhile introducing a detrimental element of strategic interaction
between the principals. The latter arises because principals cannot commit to not
offering a wage contract to their manager that induces him to trade aggressively.

We show that principalsiay nonetheless induce their manageisade in
the same market (herding), when their degree of risk aversion is high, or when the
precision of the signal for asset valuelasv. Furthermore, we showhat the
problem of strategic interaction between principals can be overcome by
endogenising the choice of information disclosure of a fund manager’s
performance. Principals can thus be made better off when their managers are not
very risk averse or when the level of ndisede in a market is high. In both these

cases strategic interaction between principals is particularly important.
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Appendix

Proof of Proposition 1:
First, we have to find the profits from trading amoun@ndt,. From (2) we can

write

ﬁl =t,(Ya +EA - bA) = tl(yA+~ZA_)\ Al ;+~nA))
and (8)

ﬁz = FZ(VB + EB - T)B) = Afz(AyB + ~ZB —-A B(~£ + ~nB))
whereA, andAg are the price setting parameters by the market maker. They are
the coefficients by which the total order flow is multiplied to yield prices.

Note that manager 1 camly observey, but notyg, which is why in
manager 2's profitsyg andt, enter as random variablashile t; is non-random,
givenyp .

The optimal amount of trade is the solution to
mtaXE - exr(—r(a Bt fatZy A AL+ D)) -V E(Ve+ Ze— A (5 + ) - 9)]

Note that the random variableg n, andng are independentyhich allows

us to rewrite expected utility as

EU = E-exp(~r(o + Bt, (s + 2~ A o(4 + )] Bexr(~ (-v1Ce =2 o1+ ) - §)

The second expectations term is constaty, which allows us to treat it as
a constant for the maximisation problem. This is a special feat@aARA utility
and simplifies the analysis, because we waw analyseéhe certainty equivalent
of expected utility.

Thus,t; is the solution to

max  CE =0 -C+ Btaya- BAat® - 1/2%(Bt)* (Va2 +A47 VA")

The first-order condition of this optimisation problem is
Bya- 2BAats - rBta(Val +Aa° VA" )= 0

Which yields the solution
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_ Ya
21, + BV i+ A%VR)

Thus t) =3y,

t

with &) =

1
o\ 10+ NV, ©)

This proves the first part of the proposition.

For thefollowing derivation ofthe price setting strategy, the subscripts for
asset and trader are suppressed, simtye onetrader and one asset matter. The
market maker sets price equal to expected value of the asset conditional on order
flow, given his knowledge othe contracting parameters akikowing that only
one informed trader submits an order in his market.

Co(y+ Z8y+

e @067

p=E(XT+n)=

Since asset value and noise trade are independent,

_ v
S 3 4V

The price setting strategy of the market maker for asgethus given by:

Pa =A% (E +1,),
where

5;VJ

=—lA (10)
5NV +V)

g.e.d.
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Proof of Proposition 2:
Agent 1 receives théollowing wage as dunction of his own and agent 2's
trading strategy.

W, =a,+(Bt,=v t,)(Ya+ 2o = Pa) (11)
where

Pa =A At +, +1,).
Given this, agent 1 faces the following optimisation problem:

maxE]| - ex;(—r(cn(l +(Bity —Y ity) Ya + Za — A a(t+ t,+ 1) - ())]

Note, that heré, is not a random variable, because in equilibrium agent 1
knows agent 2’s trading strategy ahé signal he receivedgain wecan use the
certainty equivalent of utility to find the optimal trading strategy.

CE=01-C+ Brti-Vito)( Ya - Aa( tit+ ) - 1/2% (Bata-Vi to) A(VaZ+A VA"

Taking the first-order condition and solving teields
Biya- tz()‘ ABi-y)-By (Vi AZAV,S))
2B.A , +1BI(VE+A%V])

Since agent 2 has the same utility function as agent 1, his choice of strategy

(12)

1

Is given by (12) with appropriately modified indices. Substitutiig (12) by this
formula into (12) and solvindor t; yields the result in Proposition 2, with a

trading intensity parameter given by

5 B, (B, +Y ) +TBB (B, +Y )B
" (2B A +rpiB)(2B A +rB2B) - (M (B -v.) - By B)MA(B .-y )-TB ¥ B)

(13)

where B= (V; + )\E\ZV};).

5,7 is given by (13) with indeces changed appropriately.
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As before the coefficient on order flothat determines prices, is the
regression coefficient of asset value on observed order flow:

Cov(%,(8, +3,)y+ T)
Var((3, +3,)¥ + i)

p=E(XT+L+7)= (6, +3,)y+A)=A(3,+3,)7+7)

N = (B +3E 2 (14)

hence, 5
(6;* +6§) V) +V]

g.e.d.

For the proof of Proposition 3 and Lemma 2, we need to calculate the
expectation of exponential utility whevage isdistributed as a quadratic function
of normally distributed random variables. To this end we use Lemma 1, which
gives a formula to calculate this expectation. A similar lemmapaadf can be

found for example in Bray (1981).

Lemma l: Let u be an m dimensional vector of normally distributed random
variables with variance-covariance mafyixWagew is a quadratic function af,
a is the non-random part afage and c the cost of information acquisition.
Expected utility is then given by

EU = —(ZA])* exp-r @ - ¢))
whereA is given by

r(w(u)—c)+iu'z'u=1/2u'Au + r(a-c).

Proof. Expected utility can be written as

Iexp(— K)du (15)
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and K =r(w(u)-c)+3iu'z'u (16)

This simply stems from multiplying the utility function with the density
function for multivariate normally distributed random variables.

The next step is to rearrangfesuch that it is possible to carry out the
integration. Thus, defin& such that

K=1/2u'Au +r(a-c),
Next we carry out the following transformation

A =BB'.

Then we substitute in expected utility (15) by g =Bu'
This yields

[exp(-K)du = [ exff—<u'Au - r(a —c )du

am am

B} , (17)
= Il [ex(~3a'q ~r(a —c))dg = (2m) A exg-r(a —c)

A sufficient condition for the convergence of the integral is that the matis

positive definite.

g.e.d.

Proof of Proposition 3

Suppose w.l.o.ghat principalP; inducesl; =A. From (9) we can sethat
the agent’s trading strategy is independent of the other agent’s actions. Hence, the
contracting problem between principal and ageist independent from that of
principal and agen (i#j). Moreover,y does not ented" as an argument and
trading profits of the agents are independently distributed. Hence, thergasno
from relative performance contracts aqd= 0.

In order to evaluate the incentive compatibility constraint (IC) we need to
calculate the expected utility of the agent undagiven contract, taking into

account his subsequently chosen trading strategy.
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AgentF;'s ex ante(i.e. before observing,) wage is a non-normallglistributed

random variable
W, =a,+ B30T, (R AN (B YT, + 7))

Under a givencontract and equilibrium in the trading game, the agent's

expected utility can be calculated with the help of Lemma 2:

"= -(zalAan]) " exp(-r @, - c) (18)
where
1 ]
EW*ZfBlél(l-élM) (B3, TBBAD
A U
1
AN :E I’Blél \7 E
U A L ]
O —B,3,\ 0 L0
E rBl 1A V: E
and
U
RGN
=g0 V5, 0(
Ho o v/H

Moreover,d; andA, are given from Proposition 1.
Furthermore, because of the particular form of maigixa necessary and
sufficient condition forAy to be positive semidefinite i8,{|>0.

The participation constraint (PC) can thus be written as

—(|ZA||AN|)_E exp(-r @, —c))= - expErw, ) (19)
Moreover, using (18) the incentive compatibility constraint (IC) can be written as
—(|ZA||AN|)_E exp(—r (cxl—c))z - expféra, ) (20)

Substituting the binding inequality (20) into (19) yields

o; =W,
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Sincea; cancels out in (20), the optimal choiceogf makes (19) binding. Hence,

G1N2W1.

In order to calculate the optim@{ rewrite (20) as

2 AllAN] = exp(Zc)
Calculating ¥ al|An| yields

1+20VYB181(1-Aad1) - P25 A (VHALV)V = exp(2c) (21)
SupposeAy| < 0. In that case (19) could never be satisfied. Hence, every contract
that satisfies (19) feature&\|>0 and therefore the formula remma 2 can be
applied.
Substituting (9) into (21) and rearranging the terms yields

> exp@rc)-1

[3161 rVAy

(22)

Now calculate the principal’'s expected payoff, by first calculating expected
trading profits
1, =307, (X, - A3 T + )
the expected value of which is (23)
2 n
Fmt =8 5135,3\6@ Sk 5§%gi VA
Thus, using (23) and (P) we can write
n\/ Y
e 0Py g
which is a decreasing function . Hence, the optimgb; will be chosen such
that (22) is binding.

Substituting (10) into (9) and (9) into the binding (22) yields after some

simplifications

v A V) +2V¢ 1+raVy

4 A 2 A 3 A A 4 A

JN—D— ra -a =0 24
P fgn BlVAV 1-raVy, 1-raVy (24)
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wherea = &XP@rc)=1

rv,
Solvingthe quartic equation (24) f@; yields one positive real roaijven by (7)
if exp(2rc)-1<V’/V:. Otherwise no real root exists, which medémst no exists
that satisfies the incentive compatibility constraint.

g.e.d.

Lemma2: The incentive compatibility constraint (IC) for agéitin the case of

herding can be written Hs

1+ 20V (B8, -y 8,)(1- A3, +5,)) - r2(B.5, -y 8,) (V2 +A2v V7 2
exp(2rc {1— 2V 8,(1-A8,) -1y 283 2 + a2V TV y]

whered,, d,, A are given by (13) and (14).

Proof:

The incentive compatibility constraint can be written as

EU" > EU"-N (25)
where the_HS of (25) denotes expected utility under information acquisition and
accordingly optimal trading. ThRHS denotes expected utility when no

information is acquired. The best trading strategy in that case is not to trade at all,

since this minimises the riskiness of wage.
Agent 1's wage is
W,=a,+(B3,-yd)¥(X-A@.+5,)y+ 7)) (26)

With the help of Lemma 2 we can write expected utility of agent 1 under

information acquisition as

14 Subscripts for the asset are omitted, as only one asset is relevant here.
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EU" = —QZH||AH|)_% exp(-r @, - c)) (27)

Syly+2r(8161—v162)(1—<61+62») (B5.-y5) (B3 ~v3 NI
1 l
=0 o,-y0 = 0
A, : B3,y ) o c1> : (28)
g _r(Blél -y 16 2))\ 0 \7 a
vy 0 o0
and 2, = BO ' OB
Ho o Vv"H

Next, we derive expected utility for an agevtio deviates from a herding
equilibrium by not acquiring information at all. Agent 2's proate affected by
agent 1's decision not to acquire information and not to trade. This is because
total order flow changes as agent 1 ceases to trade, which iaftects prices.

Expected utility can be derived straightforwardly by setdyx in (28).

EUH-N = —(|ZH 1A G |)_% exp(-ra,)

with
01 [l
%l_y_zryléz(l_az)‘) —ry162 ryp}‘g
Ay n =4 —ry 9, 12 0 O (29)
[l \% 1 [l
[l [l
ry.o. A 0
E Y0, V" E

Calculation of the determinants and rearranging of the inequality (25) yield the

desired result. g.e.d.
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