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HIGHLY TECHNICAL

Abstract

We analyze the implications of linking the compensation of fund
managers to the return of their portfolio relative to that of a bench-
mark — a common solution to the agency problem in delegated
portfolio management. In the presence of such relative-perfor-
mance-based objectives, investors have reduced expected utility
but markets are typically more informative and deeper, provided
that information is free. Furthermore, in a multiple asset/market
framework, we show that (i) relative performance concerns lead
to financial contagion; (i) benchmark inclusion increases price
volatility; and (iii) home bias emerges as a rational outcome. When
information is costly, however, information acquisition is hindered
and this attenuates the effects on informativeness and depth of the
market.
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INTRODUCTION

An interesting omission in standard portfolio choice theory is that
professional portfolio managers, such as mutual, pension, and
hedge fund managers, are ignored and investors are assumed to
directly manage their own portfolios. This assumption depicted the
equity market in the mid-1950s well but it no longer does: direct
holdings of corporate equity by the household sector has fallen
from 99 percent in 1945 to 47 percent in 2010.2

Recently, two related strands of literature have aimed to answer
some of the questions raised by the issue of delegated portfolio
management and the associated agency problems in modern mar-
kets. The first of these strands concentrates on the determination
of optimal contracts to solve the agency problem between the port-
folio manager and the investor. The optimal contract is often depict-
ed as one that rewards performance relative to a benchmark. The
other strand investigates whether relative performance concerns
might lead a manager to change their fund’s risk exposure and if
this behavior is linked to the manager’s compensation package.

In this paper, we seek to expand the insights offered in the litera-
ture along the second strand. Our focus is not on optimal contracts.
A rather expansive strand of the literature focuses on optimal con-
tracts that solve/mitigate the agency problem inherit in delegated
portfolio management.®* We do not directly analyze this problem.
Instead, we take the optimal contract as given, carrying the prop-
erties commonly observed in practice [see, for instance, Elton et al.
(2003)]. Note that the form of relative performance objectives can
be flexible. These objectives do not have to be spelled out in formal
contracts but may emerge as a result of competitive forces and/
or behavioral factors (for instance, keeping up with the Joneses).*
Investors usually base their investment decisions on fund perfor-
mance and typically choose funds that have high returns compared
to similar funds [see, among others, Chevalier and Ellison (1997) and
Sirri and Tufano (1998)]. This behavior, combined with the usual fee
structure in a fund (charged as a percentage of funds), leads to
relative performance objectives for fund managers: you are only
doing well in as much as you are doing better than your compet-
itor. Indeed, in a formal model setting, Palomino (2005) shows that
if investors use a relative performance rule to evaluate funds and
allocate money into them, and managers receive an asset-based
compensation, then this translates into relative performance ob-
jectives for fund managers. So, our assumption of relative perfor-
mance contracts prevailing in the asset management industry is
mostly a modeling short-cut to be interpreted as a reduced form of
this more elaborate situation.

With the optimal contract reflecting relative performance concerns
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given, we analyze the effects of the adoption of relative perfor-
mance pay for fund managers. Differently from the previous lit-
erature, we move away from questions about risk exposure and
instead explore other interesting implications for market micro-
structure. First, we show that if fund managers are rewarded based
on a relative performance measure, there can be deleterious ef-
fects for investors. More precisely, investors will have a lower ex-
pected utility. However, markets will typically be more informative
and deeper, provided that information is free. Second, we observe
an increase in the correlation between markets. That is, we show
that the higher the importance of relative performance, the high-
er the correlation between two separate markets. And, we show
that a stock that is included in the benchmark experiences an in-
crease in its price volatility. Finally, information acquisition may
be hindered by these types of contracts. This last effect may, ex
ante, reduce the informativeness and depth of the market. So, even
though conditional on information being acquired markets function
better, less information acquisition may actually emerge and act in
a countervailing way.

In the model, there are two investment funds in a market for an as-
set. Each fund manager observes a signal concerning the profitabil-
ity of the risky asset. Markets function like in Kyle (1985), with the
difference that we have two insiders, signals are noisy and, more
importantly, each manager’s payoff depends on their performance,
as well as on the performance of the other manager. Fund own-
ers reward the managers, the fund investors, and keep the rest to
themselves. We analyze standard measures of market efficiency,
and how the fund investors are affected by the presence of this
relative performance objective function. We also analyze how the
managers’ own well-being is affected by accepting such contracts.

We extend the model to allow for two separate markets for two as-
sets, and show that the correlation across markets is increasing
in the measure of relative performance. In other words, contagion
effects may appear, or be exacerbated by the presence of such
contracts. In a similar vein, with two assets but both traded in the
same market, we show that inclusion of a stock in the benchmark
leads its price to experience higher price volatility. And, in another

2 Based on Flow of Funds data from the Federal Reserve Board (Table B.100.e). Note
that these figures actually understate the “influence” of financial intermediaries on
the individual portfolio decisions since, according to Investment Company Institute, 67
percent of individual investors seek services of financial advisors when making their
decisions.

3 This agency problem has been discussed in a number of papers, e.g., Starks (1987),
Heinkel and Stoughton (1994), Admati and Pfleiderer (1997), Das and Sundaram (1998a, b),
Ou-Yang (2003), and Dybvig et al. (2010).

4 We use the words “objective,” “contract,” and “concern” almost interchangably
throughout.
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extension, we show how relative performance contracts may lead
to a form of home bias.

Finally, we allow the choice to be informed to be endogenous,
with costly signals. Specifically, we allow for two different infor-
mation structures: public or private costly information. Under the
first structure, either all fund managers pay the cost of acquiring
information and all become informed or none of them do so. Under
the second structure, each manager may decide independently.
We show that, probabilistically, an increase in the importance of
relative performance reduces the availability of informed equilibri-
um. That is, the more the managers’ pay depend on relative perfor-
mance, the lower the probability that either one decides to acquire
information. Therefore, even though conditional on having informed
agents the informativeness of prices is increasing on the impor-
tance of relative performance, we see that ex ante this effect may
be attenuated or canceled by the fact that the chance of having an
informed equilibrium is reduced. This countervailing effect is also
present when analyzing the expected price response to trades (a
measure inversely related to market depth).

Our paper relates and contributes to the literature in several ways.
Some papers study the optimal portfolio strategy of a manager
receiving fees that depend on relative performance [see, among
others, Grinblatt and Titman (1989), Brown et al. (1996), Chen and
Pennacchi (1999), Eichberger et al. (1999), and Goriaev et al. (2000)].
The general focus in these studies is on the effects on portfolio risk-
iness, with results showing that managers tend to over-bear risk in
order to beat the benchmark, especially when they are behind in
the game. Our model delivers a similar result, although in a slightly
different manner (and this result is not central to our paper). Since
we adopt a Kyle-type framework, what we show is that managers
trade more aggressively, that is, put more weight on their signal,
as the importance of relative performance increases. Since, for a
given signal, managers increase their trading activity, this can be
loosely interpreted as an increase in risk-taking behavior. The liter-
ature has also provided empirical evidence of this type of behavior,
hence we take this as an already tested implication of our model.®

In a related paper, and as mentioned earlier, Palomino (2005) devel-
ops a model thatindirectly generates the same type of objectives for
managers and shows that, with entry and exit by funds (with exoge-
nously determined, differential ability), these objectives may lead to
survival of better-quality funds and, hence, higher expected returns
for investors. We differ in our approach by assuming a fixed market
structure (no entry), homogenous ability of funds with endogenous
informational asymmetries and by analyzing the effects of varying
the level of relative vis-a-vis absolute compensation on investors as
well as on other market variables. Our results on investors’ returns
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are in clear contrast to his. Since the modeling approaches are dif-
ferent, this, in and of itself, does not mean any immediate conflict.
But it does point to the need of understanding the different forces
at play: differential ability and information acquisition. In Palomino
(2005), better-quality funds have a competitive advantage in acquir-
ing information, and hence in equilibrium the market is populated
by more informed individuals providing services to investors. In our
setting, no fund has an edge and hence there is no inclination to
have a more informative market. So, more concern about relative
performance here leads to aggressive trading strategies and lower
expected returns for investors, while in Palomino (2005) it leads to
more high-quality funds entering the market (with better informa-
tion) and hence investors having higher returns. However, in con-
tradiction with empirical evidence on market efficiency [e.g., Berk
and Green (2004)], Palomino’s work seems to lead to a mutual fund
industry that can outperform the market (passive strategy), while
our model does not suffer from such a counter-intuitive implica-
tion.® Finally, we also discuss home bias, contagion, and addition to
benchmarks, topics not discussed in Palomino (2005).

In another related paper, Cuoco and Kaniel (2011) examine the
effects of delegated portfolio management on equilibrium asset
prices assuming a contract for fund managers that is a generaliza-
tion of the one postulated here. The main differences between the
model here and their work rest on the assumed market structure
and objectives. They analyze a problem under perfect competition
concentrating on the potential for price effects on the stocks that
are included in the benchmark.” They show that stocks that are
included in the benchmark tend to have higher and more volatile
prices than otherwise identical stocks. The analysis in this paper
is under imperfect competition and, while replicating this volatil-
ity effect, aims at examining the effects of such contracts on the
market microstructure, in terms of liquidity, price informativeness,
cross-market correlation and information acquisition. To the best
of our knowledge, the results describing these effects are specific
to this paper and have not been analyzed in the same setting else-
where.

5 See Goriaev et al. (2000) and references therein. Some studies argue that increased
risk aversion leads managers to retrench and to more closely mimic their competitors”
portfolios. For instance, Broner et al. (2006) empirically show that when funds’ returns are
below average they adjust their holdings toward the average (or benchmark) portfolio.
The seeming contradiction is likely a reflection of threshold effects. Shelef (2013), for
example, provides theoretical and empirical evidence that risk taking is non-monotonic:
managers who are very distant from the incentive threshold take less risk than those who
are less distant, but on average risk taking increases.

6 Results on price informativeness and trading aggressiveness are similar across both
papers.

7 Brennan (1993) also considers the effects of such contracts on equilibrium expected
returns and prices.
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From a regulator's perspective, the insights presented here open
a range of questions. Most notably, there can be a trade-off be-
tween the benefits of aligning the principal’s interests with those
of the agent and the potential costs associated with the effects on
contagion, volatility and the informativeness of markets. What type
of frameworks (relating to, for example, fund managers’ compen-
sation rules, investment restrictions, and disclosure requirements)
could then limit contagion and excessive volatility and maintain
informativeness of markets? We leave it to future research to ex-
amine these more normative questions and the optimal ways to
balance this trade-off.

The rest of this paper is organized as follows. Section 2 describes
the basics of the model. In Section 3, we analyze the effects of the
presence of a relative performance-type contract for fund managers
in a market where they have free access to information and derive the
main results. In Section 4, we study the effects of relative performance
on the decision to acquire information and discuss the differences
that emerge from endogeneizing the information acquisition decision.
All proofs are available from the authors. Section 5 concludes.

THE BASIC MODEL

Think of two mutual funds in a market for an asset. Each fund man-
ager observes a signal concerning the profitability of this risky as-
set.® Markets function like in Kyle (1985), with the difference that
we have two insiders/managers and signals are noisy. Formally, the
risky asset final payoff is given by

v ~N(0,62) (1)

Each manager observes a noisy signal about the final payoff

Si=V+eg,i=12, (2)
with v_Le;, and where the noise terms are jointly normal with Var(g;)
= 2. Furthermore, assume that the necessary noise in the market
comes from liquidity trades given by u ~ N(0,6,2).

Each manager's payoff depends directly on his performance rela-
tive to a benchmark. We postulate the following form for manager
i's objective:

"o E{0log{v-P)-yoy{v-P)]| s}, (3)
where P is the price of the asset, o; denotes the portfolio weights,
¢ is just a scaling factor, and y represents how much his payoff
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depends on relative performance.” Fund managers’ concern with
relative performance such as this may arise if the fund uses a “ful-
crum fee” or if they are rewarded based on the size of their fund
and consumers invest more in funds that perform better."

Fund owners pay the managers as well as the investors. We as-
sume that a proportion ¢ of fund profits goes to investors.'”? There-
fore, the total expected cost for the owners of fund i is
GElog (v-P)] + 0El(0g” - oy )v-P) = (¢ + 6(1-7))Eloy (v-P)], (4)
where o; represents the solution to manager i's problem (the op-
timal portfolio weights). The equality follows from the fact that we
concentrate on a symmetric equilibrium and that the signals are
independent and identically distributed. Given this structure of con-
tracts, a natural assumption is that o+0(1-y)<1. This guarantees that
owners are making positive expected profits:
Elo"(v-P)] = (¢ + o(1-y))Elo"(v-P)] > 0. (5)
Finally, we assume that investors are risk-neutral and would like to
maximize expected profits: cE[oy(v-P)]

Prices are determined by a risk-neutral competitive market maker
that only observes aggregate market orders. As usual, the market
maker is held down to a zero profit condition that translates into
semi-strong efficiency of the market:

(6)

P = Elv|oy + 0 + ul.

FREE INFORMATION

In this section, we assume that the fund managers are endowed
with rights to the information provided by the signals. Basically,
they have free access to the signal, s;. Note that the signal can be
publicly or privately provided, the key assumption here is that the
information is free. Hence, the managers’ decision to acquire infor-
mation is trivial: they always choose to be informed.

8 This is without loss of generality. We could allow for more funds and results would be
qualitatively the same.

9 This signal may or may not be costly. We analyze both cases.

10 This payoff function is a special case of the more general one analyzed in Cuoco and
Kaniel (2011).

11 See, for instance, Palomino (2005).

12 Since we have a static model, the fund payoff will also be the amount of money in
the fund after the realization of the random variables. Hence, paying ¢ to investors is
the same as charging a percentage fee on the amount of funds, i.e., the feeis 1-¢, a
common practice.
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We divide the section into two subsections. In the first, we restrict
attention to one market and present the results on investor's utility
and market parameters’ behavior as a function of the relative per-
formance contract. In the second subsection, we allow for the exis-
tence of two separate markets and analyze the issue of cross-mar-
ket contagion.

Single market
With this basic set-up at hand, we have the following proposition.

Proposition 1: a symmetric linear equilibrium of the depicted market
is defined

P = Moy + 0 + u), o = Bs; (7
Where
2 %
e 2% [2a-pogrzcl
p= 2(1- );2+202 and A = of (8)
V)op+aog (202+ o‘é)m+ o2

Proof: contact authors.

Using these prices and portfolio shares, we can now calculate the
ex-ante expected profit of fund i's investors, as a function of v.

Corollary 1: ex-ante, investors expect to receive

,fﬂ§+(1—7)65

2
Elr()] = GElos(v-P) = <03 |5 rrmyrayyes

(9)
from their investments into fund i e {1, 2.

And, we can easily prove the following result.

Corollary 2: investors are worse off when the relative performance
pay component is higher.

Proof: contact authors.

Furthermore, in the terminology of Kyle (1985), we know that the
depth of the market can be represented as 1/A and that price infor-
mativeness is a decreasing function of Var[v|P]. Then, as another
corollary to Proposition 1, we have:

Corollary 3: if the importance of relative performance on fund man-
agers pay is increased:
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1. Liquidity of the markets increases;

2. The information content of prices increases;

3. Adverse selection costs faced by noise (liquidity) traders
decrease;

4. Trading aggressiveness of fund managers increases.

Proof: contact authors.

Intuitively, the more a manager cares about relative performance,
the more aggressively they trade on a given signal to beat the
benchmark while in anticipation that their competitor will do the
same and push the benchmark up. As a result, prices more closely
reflect the available information set. This in turn reveals information
to noise traders and reduce their costs," allowing more liquid mar-
kets. The payoff to investors,' however, is lower because there is
less payoff from informed trading.

To summarize, the adoption of relative performance contracts has
positive and negative effects. Investors are worse off but markets
function better, under free information acquisition. In the next
section, we show that some of these apparent, positive effects of
relative performance may disappear once we endogeneize the de-
cision to become informed. But, before we move on, we present
the results for multiple assets/markets, analyzing the possibility of
cross-market contagion and volatility effects.

Multiple markets

Here, we extend the model to allow for multiple assets and mar-
kets. First, we analyze the effects of fulcrum fees on cross-market
correlations. Then we look at the effect of including a stock in the
benchmark.

Cross-market correlation

Suppose there are two separate markets for two distinct assets.
Each market maintains the structure discussed in Section 2, and
they are separated by the assumption that each pair of funds trades
in only one of them. We assume, without loss of generality, that
funds 1 and 2 trade on asset/market 1, and that funds 3 and 4 trade
on asset/market 2. Each fund is benchmarked only against the other
fund that trades in the same market, and each market has a po-
tentially different y. Let vy, be the relative performance parameter

13 Note that this is a zero-sum market and the gains obtained through informed trading (total
profits of both funds) is the losses of noise traders.
14 We show later that fund managers are worse off as well.
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for each market m=1,2." Furthermore, each market maker observes
only the aggregate order flow of his own market. This is an import-
ant assumption because we assume that the assets’ payoffs are
correlated, therefore order flow in one market offers information
about the payoff of the asset traded in the other market. So, there
are two risky assets with final payoffs given by

Vm ~N(0, 62, (10)
and signals given by
Sim+Vm +Eim,im=11,21,32,42 (1)

where m index markets/assets and i index managers, with the un-
derstanding that managers 1 and 2 trade in the market for asset 1,
and managers 3and 4 trade on asset 2. We also assume that signals
have the same precision, so that Var (¢,) = 6%, and liquidity trades
are given by Uy, ~ N(0, 6%,). Finally, we assume that all random
variables are normally distributed and independent of each other,
with the exception of V; and V,, where we assume that Cov(V; , V) =
o2 > 0. This corresponds to the assumption mentioned above that
assets’ payoffs are correlated.

Given this structure, it is clear that the issue at hand is not one of
contagion per se. We do notinvestigate the question of appearance
of correlation across assets that are otherwise uncorrelated. The
objective is to analyze the marginal effect of relative performance
contracts on cross-market correlation. Even if y,, =0, Vm, we would
have correlated prices, because payoffs are correlated. With the
correlation recognized, we show how the presence of such con-
tracts may enhance this correlation. That said, also note that order
flow in one market reveals information in the other market but the
market maker in each market can observe only the aggregate order
flow in their own market. Hence, we shut down a trivial channel
through which contagion between the two markets can be ampli-
fied and show how relative performance concern can increase
such contagion even when the two markets operate separately.

Proposition 2: with the described set-up for each market, prices
and portfolio shares given by

P = Aml0ym + 0o + Upm) @and O = BuSim » (12)
Where
202 Fm
m |y V2 2202
_ 2 _ J2(-Ym)om+20em
ﬁm 2(1-ym)o+20%, and A o2m (13)

205+ 0% ————+ oF
ot ol o o 7
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characterize a linear symmetric equilibrium in each market m. Giv-
en this characterization, we can calculate the correlation between
P1and P2 to be equal to

p— 41 B> 01>

J@pior+ 28302+ o2 (B303+ 23084 ok (10
And,
dp/dyn >0, Vm. (15)

Proof: contact authors.

This proposition shows that the presence of relative performance
contracts may enhance correlation between markets. We observe
more correlated prices whenever at least one of the markets has
funds with relative performance contracts. This result does not
depend on the assumption that both markets have relative per-
formance contracts. It is enough that one of the markets has this
type of contract. Then, if the importance of relative performance
is increased in such a market, the correlation across markets in-
crease. The intuition for this result comes, again, from the fact that
aggressiveness increases with relative performance. An increase
in the aggressiveness with which traders use their signals leads
prices to reflect these signals more prominently. Since the signals
are functions of the correlated final values, the importance of this
correlation increases, leading to more correlated prices.

Benchmark inclusion

Next, we consider a slightly modified version of the model. As be-
fore, there are two risky assets whose final payoffs are given by
expression (10) but, this time, with Cov(V; , V3) = o, = 0. Further-
more, assume that we have two funds, both trading on these assets,
and let each manager have perfect signals about both assets, €,
=0. So, we have two independent assets both of which are traded
by both funds. (Previously, we have considered one asset traded
by two funds, and then two assets each of which is traded by two
funds). This generalization naturally leads us to re-define manager
i's objective as

15 This assumption would be justified if the chosen benchmarks reflects the characteristics
or “style” of a fund. This is indeed the case in a theoretical setting [e.g., Ou-Yang
(2003)], but it is also true, at least to a certain extent, in practice as most funds use a
market index (such as the S&P 500 or Russell) that is adjusted on size and value/growth
dimensions to the fund’s characteristics [Sensoy (2009)]. Note that in an international
setting the use of domestic benchmarks, i.e., performance of those trading in the same
market, would also be justified by the potentially higher costs faced by investors if they
choose a foreign fund over a domestic one, perhaps due to cross-border differences in
regulations and institutional and legal frameworks.
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aitanE 1005 (vi —Py) + app(va = Py) —

Y1051(Vi-P1) — y2052(v2-P2)] | vi,va} . (16)

Since we have independent assets, we can re-write this objective as

MEE {o[ain(vi — P1) — yioi(vi —P)] [ vi} +

17
"o E {olaia(va — P2) — y20i2(va — P2)] | va} . "

The parameter y,, is meant to capture the importance of asset m
in the benchmark. An example where different y,, may arise is the
case where one asset is listed in the S&P 500 and the other is not.
Or, alternatively, an asset may be domestic while the other may be
foreign. With independent liquidity trades, u,, we can solve the
problem for each asset separately and obtain

P = Am (04 + g + Upn), M = 1,2 and otipy + BrySirm 1= 1, 2 (18)
where
2(1-Ym) o
B 0'12;m d }xm ofim (19)
= [—%um ., =

m 2(1-ym)o3, a B=-vm)
Hence,
Var(P) = (k)[40 (Bu)” + 0] =

403, 2(0-ym)3cfh _ _20H (20)
(3_Ym)2 (3_ym)2 (3_Ym)

We consider a stock m to be included in the benchmark if y;,, > 0. No-
tice that, if v, = 0, then Var(P) = 262, /3 < (262, )/((3-y,,)). Therefore,
when a stock is notincluded in the benchmark, y,, =0, it has a smaller
price volatility than when itis included. So, inclusion raises volatility.
Furthermore, the more heavily the compensation package relies on
a stock (higher yy), the higher the variance of that stock price, i.e.,
[oVar(P,,)/dy,,] > 0. This result is similar to the one obtained by Cuoco
and Kaniel (2011), albeit in a different market microstructure. Itis also
intuitive because, when a stock is included in a benchmark and/or
its weight in a benchmark basket of stocks is increased, managers
will pay more attention to it, which may translate into more aggres-
sive trading on this stock. Also, managers are likely to trade more
frequently in such a stock as they rebalance their portfolios with the
aim to track a benchmark that includes that stock.

Home bias with exogenous benchmark
Now, once again, we change the framework of our model slightly to
explore yet another effect of relative performance: home bias. We
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assume that, instead of having two funds each indexed against the
other, we have one fund indexed against a given exogenous bench-
mark (for instance, the S&P 500). So, we have two assets each with
final value given by

Vm ~N(0,6%), m=1,2 (21)
and signals given by
Sm=Vm (22)

where m index assets and there is only one fund manager. We also
assume that liquidity trades are given by 0y, ~ N(0, 62,,) and are
independent of each other and of the assets’ final value.

Finally, we assume that the fund manager's expected payoff is given by

Ellv-P)DT +[(v-P)DT - y(v-P)DL]} (23)
where

_ Vi _ P1 _ o _ Wy

vy b= (5 0= (00 ) o= (3], 2

and w; is the weight of asset i on the exogenous benchmark (for in-
stance, the participation of the stock on the S&P 500) and T denotes
transpose and ¢ and y are scalers.

By solving the model in the same way as before, we have

P = Aml0m+Up) and oy = BV A (25)
form=1, 2 with

_ (p+0) _ Xyw _ B
Bm - 5 Am - X m: km - z (26)

2Am 2 Binoh+ olim

And, if we concentrate on a situation similar to the ones discussed
in the previous sections by imposing ¢ + = 1, we have that

_ 1 oiim XYWm 1 ofm _ _Kyle
Oy = [ E o2 ]VmJr > > [ E o2 ]Vm = Ay (27)
m m

where the last term is the traditional demand in this setting without
relative performance pay [see Kyle (1985)]. Therefore, we see that,
if funds are benchmarked against an exogenous index, demand for
asset m increases with wy, (and y).

If we think about asset 1 as domestic and asset 2 as foreign and as-
sume that domestic funds are benchmarked against domestic assets
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only (w,=0), we see that these funds will be overexposed to domestic
assets: o, > oclKV'e. This result provides an alternative explanation for
the widely-documented home bias phenomenon, i.e., the observation
that investors tend to favor local stocks, both in an international [e.g.,
Tesar and Werner (1995)] and domestic setting [e.g., Coval and Mos-
kowitz (1999)]." 7 When managers are judged against a benchmark
that represents a subset of available assets, they will aim to track
those assets more closely and put a larger portfolio weight on those
assets. The more important their performance against the bench-
mark, the more severe the home bias will be.

INFORMATION AGQUISITION

Next, we revert back to the single asset framework, but assume
that fund managers may or may not acquire costly information. Let
c denote the information acquisition cost. If no information is ac-
quired, the manager stays out of the market. This is because unin-
formed trading is non-profitable. We start with a simple case where
both managers have access to the information or do not — either
both are informed or both are uninformed. Then we analyze the
more interesting case where each manager decides independently
whether to acquire information or not.

Information as a public good
If either both managers have access to the information or neither
have access, calculating manager i's profit if both decide to be in-

formed is straightforward and leads to the following.

Proposition 3: each manager expects to be paid

Eglos —y05)(v-P)] = $(1-DBod [ ooyl (28
And,

9 Eolla - yayv-P)] <0. (29)
dy

Therefore, fund managers’ pay is decreasing on the relative perfor-
mance parameter. Furthermore, if there exists a y such that

E(])[(Xi—"_{()(j)(V'P)] =C (30)
then for any y> v no information is acquired.

Proof: contact authors.

The above proposition shows that not only are investors worse off
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but also the managers themselves. More importantly, given the cost
of signals, it may be the case that for high enough y no informa-
tion is acquired. While it may come as a surprise at first glance,
this is an intuitive result: profits are decreasing in v, so if there is
a point where the managers are just indifferent between acquiring
information or not, then, for any higher ythey will prefer to be unin-
formed and save c.

In summary, conditional on the information being acquired, prices
are more informative (as described in Section 3), but it may be the
case that no information is acquired at all, rendering the earlier
point on the information content of prices moot.

To enhance our understanding of these countervailing effects, we
further assume that the cost of information acquisition is random-
ly drawn from a distribution F(.), common to both managers. The
cost is drawn once from this distribution and represents the cost
for each manager. Based on the analysis so far, we know that the
managers will acquire information with probability

F(Eol(og — yoy)(v-P)]), (31)

i.e., if ¢ < (Eol(o; — yog){v-P)1.

We can then calculate the expected price response to trades, i.e.,
EA(y):

of

262 |———u
Y |2(1-y)o2+202

F(EGI(a: - Ya)(v-P))) - +
(202+0¢)——L—+02
(1-y)op+og

[1-F(E@[(a; — yo;)(v-P)])] X . .

Hence,

L) = A Eollos - o) v-PIN + [ AgIF (Eollos - yo)lv-PID) <0
& & Y (33)

where the inequality follows from the fact that

dr (El(o; - yo5)(v-P)]) < 0 (34)
dy

16 Another form of home bias has been documented in that employees tend to hold
excessive amounts of own company stock in their retirement saving plans [e.g., Benartzi
and Thaler (2001)]. Pinheiro (2008) provides a rational explanation for this seemingly
suboptimal exposure based on social interactions.

17 Most explanations for home bias rely either on impediments to trade due to institutional,
legal and regulatory frameworks or on some form of residence-based assymmetric
information.
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as argued before, and dik(y) <0, as proved in Corollary 3. In oth-
er words, the inequality follows because the probability that the
managers acquire information decreases with the importance of
relative performance contract but liquidity, provided that managers
are informed, increases with the strength of relative performance
incentives.

This result shows that the expected price response to order flow
decreases as y increases. This would indicate that markets are
more liquid, even when there is an additional information acquisi-
tion stage. However, if we were to measure the depth of the mar-
ket, the usual measure of liquidity in this framework, we would run
into problems. Depth is given by 1/ A, which is undefined (goes to
infinity) if there are no informed traders in the market. Hence, as
long as there is a strictly positive probability of no information col-
lection, depth would be independent of y. And, the market would
have an infinite expected depth. Therefore, we concentrate on the
former measure, expected price response to order flow, to claim
that markets are more liquid with relative performance, even in the
presence of information acquisition stage. Notice that this result is
independent of F{(.).

We can also measure the expected informational content of prices.
This can be shown to be inversely related to™®

4B%03 )
4B20Z+2B20%+ o

o5 [1-F(E@[(o; — yo)(v-P)D[ (35)

And, differentiating the above expression with respect to y reveals

d[F(Ep[(a; - ya)(v=P)])

~p%03

]-

dy L4B262+2p202+ 02
2 dp (36)
F(E¢[(ai - Y@i)(V-P)])[m]Z 8o o

The first term is the product of two negative terms, hence it is pos-
itive. The last term is the product of two terms with opposite signs,
hence itis negative. The overall sign of the expression cannot be de-
termined. Interpreted in an intuitive manner, the first term represents
the fact that, as relative performance incentives get stronger, there
is a smaller chance of obtaining more informative prices and less in-
formation acquisition. The second term represents the effect that, if
information is acquired, prices will be more informative. The overall
effect on the information contect of prices is indeterminate.

In order to determine the sign of this expression under certain cir-
cumstances, we further simplify our model. The assumptions and
results are spelled out in the following proposition.

152

Proposition 4: Assume that the distribution of costs is uniform on
[0, T], with

~ _ -y [ofad

> P
e e (37)
And, furthermore, set 5, =0. Then, the expected informational con-
tent of prices is decreasing in v, i.e., expression (30) is positive, so
that the expected conditional variance of prices increases with v.

Proof: contact authors.

This proposition shows that, with some additional restrictions, the
result that price informativeness increases with yis reversed. The
effect of less information acquisition dominates the effect that, con-
ditional on information acquisition, prices are more informative. So,
higher yleads to less informative prices ex-ante.

In summary, either with free information or costly public informa-
tion, our model delivers that markets are deeper, the more import-
ant the relative performance objective is (lower EA(y)). However,
costly information, even public, may lead to less informative prices
(e.g., under uniform distribution of costs). The intuition for the first
result is clear: the depth of the market is inversely related to the
information asymmetry problem, so less information acquisition
cannot, in the current framework, decrease depth. The second re-
sult is a direct consequence of the decrease in the probability of
information acquisition.

Information as a private good

We now move to a more interesting informational structure. Sup-
pose that each manager may or may not be informed. In other
words, there are three possible outcomes: two informed managers,
one informed and one uninformed, and both uninformed. For this
part of the analysis, we again consider the case where agents have
perfect information if they decide to be informed, i.e., we set & =0.
First, suppose that both managers are informed. Then each has an
expected profit of

18 Note that expression (35) is not Var(v|P). Rather, it is the expected value of the
conditional variance of v, conditional on whether or not there is information acquisition.
Since P now is a mixed random variable and no longer normal, calculation of Var(v|P)
would be very elaborate. And, we adopt this short-cut measure just to grasp the idea
of the countervailing effects at play. The true value would be obtained by adding to
expression (35) the following term:

219 (e pae ar
FlEqllo; - yor)v-PI1—F(Eollo; — yog)lv-—P)) %
messier, and, now, dependent of the realization of random variables. Note that this term
has zero expected value. Therefore, expression (35) is just the expected value of the
conditional variance.

making it even
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(1- )3 040
E@[(0i — ya;)(v-P) = ¢T\[7 f%

If only one is informed, we are in the exact framework of Kyle (1985),
visirrelevant, and we know that the informed fund manager makes

(38)

2 .2
U0y

Eg[o; (v-P)] = $*—

while the uninformed has zero expected profit. Finally, in the case of
two uninformed managers, both have zero expected profits.

(39)

Aninformed manager’s expected profit when her counterpart is un-
informed exceeds her profit when her counterpart is informed, i.e.,

Eoloy (v-P)] > Eo [(oy - yoy)(v-P)], (40)

3
if and only if _\1(31‘” VZ <1, vy - Notice that
-V

‘I(ly \/_]<0ad‘j31 \/‘|y=0:

Therefore, the required inequality holds for all y, as expected, since
managers’ profits are decreasing in y. The following proposition
summarizes the insight from this reasoning.

LY
3

Proposition 5: in the information acquisition stage, there are three
possible equilibrium outcomes, depending on the realization of c:

20.2
(i) If > ¢T the market cannot support any informed traders,
and the managers are both better off not acquiring information and

staying out;
PR Ja-n® 252
i —=2 <7935 2, then the market can sup-

port one informed agent, but not two;

J(l n? o'uo'v
(iii)) Finally, if ¢ >c

formed agents.

, the market supports two in-

Now, the measure of the expected informational content of prices
is inversely related to

J@a- Y) ouov

3—y

ohof
4B20Z+ o

Uuov

Fl¢ -Fl¢

1y

0.2
15+ a2, (41)
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or,

(1 V aua,, 0'1: aua,, o3 2
][ pyrrea B UN el el )
And, again the derivative
A _apray 4 p y) ‘(1 » ““””—zmav
4p20%+ o dyF (U F[¢ dy Tiprafr o 1 (43)

cannot be signed, since the first term is positive (product of two
negative terms), and the second is negative (product of terms with
opposing signs).

We can similarly analyze the expected price response to trades,

i.e., EXy):
2-y)02 y)al,

Ja- y)\/m ¢@] J(l y)\/m
9 2

a“ Lt o, 207 (44)
Or
U
(1 y lTuUV 2(1-y)o% Uu(r,, o2
- +
¢ 3-y ][ G-1dh 252] F[¢ 252’ (45)
a-v)
and calculating its derivative as
(3W%
ook _e-ned o Jovs et 0203 B ”"” o
40y 2(]_”53’ a-n dF [T‘r] ¢‘/(1_y)3 u i 22 3 y)Z
o a (46)

wa-n

But, now we cannot sign this expression, as we do not know the

2 % (-ndj
v l2a-n)ez  @-V)
sign of [ emy ].
U (1-y)

So when we add discretionary information acquisition as described
here, we cannot determine what happens to the expected liquidi-
ty of the market as relative performance objectives become more
important. The term in square brackets is the difference between
price responses in a market with two informed traders and price
responses in a market with one informed trader, i.e., Ayfragerly) —
MTrader- This expression depends on the parameter values and, of-
ten, it changes sign as yvaries.

Unfortunately, the inconclusiveness of bhoth results remains even if
we assume that costs are uniformly distributed, as before. The only
thing that can undoubtedly be stated is that information acquisition is
ex-ante hindered by the presence of relative performance objectives.
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If we increase vy, then some values of ¢ that support equilibria with
two informed agents may no longer do so. Increase in yleads to an
increase in the length of the cost interval where only one informed
agent can be supported in equilibrium, and a decrease in the length
of the cost interval where two informed agents can co-exist.

To shed some more light into this discussion, we resort to numerical

analysis, under the assumption that costs are uniformly distributed
on the unit interval. We concentrate on the typical behavior of the
market microstructure elements that obtain indeterminate deriva-
tive signs in the analytical solutions.

First, we look at the informational content of prices. Figure 1 pres-
ents the typical relationship between the expected conditional

Inverse Expected Information Content of Prices
(measured by the expected conditional variance)

Noise Variance varying from 0.0025 to 0.034, Noise Variance varying from 0.0025 to 0.034, Variance
of Payoff set to 0.05

Variance of Payoff set to 0.01

1.0001 ‘ ‘ 1.0002

_——————
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e L
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0.9997 ————
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Gamma Gamma
Noise Variance varying from 0.0025 to 0.3175, Noise Variance varying from 0.0025 to 0.3175, Variance

Variance of Payoff set to 0.05

of Payoff setto 0.08

1.001 1.001
1
0.999
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Noise Variance varying from 0.05 to 0.0815, Variance Noise Variance varying from 0.1 to 0.1315, Variance of
of Payoff set to 0.08 Payoff set to 0.15
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1.0002 - 000
1 1.0002
| 1
0.9998 0.9998
0.9996 = 0.9996
e | 0.9994
0.9992
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Gamma Gamma

Source: Authors' calculations.

Note: We picture the expected conditional variance of prices, which is inversely related to the
informational content of prices, as a function of relative performance concerns, denoted by y. In all
simulations, costs are assumed to be uniformly distributed on the unit interval and ¢ is set to 0.1 (using
alternative values for ¢ does not alter the behavior). The variance of payoffs, 6,2, is set to 0.01, with results
again being robust to other parameter values chosen. Each curve corresponds to a different value of the
noise variance, 6,2, within the range indicated in increments of 0.005. The calculated values of the
expected conditional variance of prices are then rescaled to equal 1 when y is 0 and the noise variance is at

the minimum of its set range.

Figure 1
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variance of prices (inverse of expected information content) and
BT A D the measure of relative performance, y. As with the case of public
information, we obtain that this variance is an increasing function
of v, hence, as before, prices become less informative as relative
performance objectives increase in importance. After a large num-
ber of simulations, the conclusion emerges to be that this result is
pervasive and does not seem to depend on the parameter values.
So, costly information, private or public, is enough to reverse the
positive effects of relative performance on price informativeness.

00027
00026
00025
00024
00023
00022

00021

Second, we take a closer look at the expected price responses to

trades analyzing EA(y), a measure inversely related to depth. Note

Gamma that the behavior of this function depends on the difference Ayryqq-

erl¥) = MTrader- If this difference is positive, less information acqui-

Figure 2 sition is always good: moving from two informed traders to one

informed trader, or one to zero, increases depth. This is a situation

similar to the one under public information. Now, if this difference

is negative, then less information acquisition may be bad: moving

Expected Price Respanse to Trades from two to one informed trader decreases depth but moving from

one to zero informed traders still increases depth. Notice that as

et ¥—1, AgTradery) —0 so that for high enough y the difference is neg-
ative.

00019

00018

00035

3-y |02

Furthermore, whenever 2V2 < Ne=0] P2 the difference is

o2

o again negative. So, apart from v, the ratio 52 plays an important
000z role in determining the sign of this expression. In summary, the be-

havior of the expected price responses to trades as a function of y
Gamma can take three possible shapes. We visually depict these three pos-

sible situations below. In Figure 2, we have an always decreasing
Figure 3 price response to trades, indicating an increase in depth. Figure 3
shows a case where the price response is decreasing at the begin-
ning and reverses as y grows, implying that less information acqui-
sition becomes bad because Aptrader(¥) — Mrrader < 0. Finally, Figure
4 depicts a case where the price response is always increasing,
reflecting the fact that the effect of less information acquisition is
008 1 dominating and negative.

00027
0

Expected Price Response to Trades

The shape depicted in Figure 2 is obtained whenever we have a low

i

value for 52 , so that Ayprager(Y) = MTrader > 0 @nd less information
helps the depth of the market. Toward the end, the relationship flat-

tens since y—1. The shape shown in Figure 3 is obtained for higher

i
o;

oL e e e es es e e s values of the ratio ;2 . The reversal sets in because, as yincreas-
Ganma es, less information acquisition hurts the depth of the market (going

from two to one trader is bad), and this effect dominates when yis

Figure 4 high enough. The shape illustrated in Figure 4 is obtained when we
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i

start with a very high value of 52 so that moving from two to one

u

trader is always bad, i.e., it decreases depth.

The numerical results for the price informativeness confirm the
analytical results obtained with public information. Relative perfor-
mance decreases price informativeness when information is cost-
ly. However, the results for the depth of the market can be quite
different depending on parameter values. The main insight here is
that information acquisition can help increase market depth, even
though itincreases information asymmetry, and there exists param-
eter values for which information acquisition would only decrease
market depth.

To summarize, our theoretical results predict that relative perfor-
mance always increases market depth except under private cost-
ly information and some additional restriction on the parameters.
However, we can only say with confidence that relative perfor-
mance increases price informativeness under free information.
Under costly information, this result may be easily reversed and it is
always reversed under private costly information.

GONGLUSION

In this paper, we analyze the potential effects of the adoption of
relative performance pay for fund managers. We show that, if fund
managers are rewarded based on a relative performance measure,
there can be deleterious effects for investors translating into a low-
er expected utility. However, markets will typically be more infor-
mative and deeper, if information is free.

When we endogeneize the acquisition of information, we see that
incentives to acquire information may be hindered by relative per-
formance contracts. This last effect may, ex ante, reduce the infor-
mativeness and depth of the market. So, even though conditional
on information being acquired markets function “better,” less in-
formation acquisition acts in a countervailing way. In other words,
the result that prices are more informative holds only for the case
of free information, it is reversed when information is costly. The
result that markets are deeper (more liquid) also holds for the case
of free information and for public costly information and may or may
not hold in the case of private costly information.
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These findings as a whole point to the need for a more nuanced un-
derstanding of the contracts that aim to solve the agency problem
between managers and investors. Especially from a regulator’s per-
spective, there can be a trade-off between the benefits of aligning
the principal’s interests with those of the agent and the potential
costs associated with the effects on contagion, volatility, and the
informativeness of markets. How this trade-off can be dealt with is
a direction for future research.
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for Final Year Undergraduates
and Masters Students

As leading banks and funds become more scientific, the demand for
excellent PhD students in computer science, mathematics, statistics,
economics, finance and physics is soaring.

In the first major collaboration between the financial services industry and
academia, University College London,London School of Economics,
and Imperial College London have established a national PhD training
centre in Financial Computing & Analytics with £8m backing from the UK
Government and support from twenty leading financial institutions. The
Centre covers financial IT, computational finance, financial engineering
and business analytics.

The PhD programme is four years with each student following a masters
programme in the first year. During years two to four students work
on applied research, with support from industry advisors. Financial
computing and analytics encompasses a wide range of research areas
including mathematical modeling in finance, computational finance,
financial IT, quantitative risk management and financial engineering.
PhD research areas include stochastic processes, quantitative risk
models, financial econometrics, software engineering for financial
applications, computational statistics and machine learning, network,
high performance computing and statistical signal processing.

The PhD Centre can provide full or fees-only scholarships for UK/EU

students, and will endeavour to assist non-UK students in obtaining
financial support.

Imperial College

financialcomputing.org
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Centre for Global
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. echnology

The Centre for Global Finance and Technology at
P Imperial College Business School will serve as a hub
for multidisciplinary research, business education and
global outreach, bringing together leading academics
to investigate the impact of technology on finance,
business and society.

This interdisciplinary, quantitative research will

then feed into new courses and executive education

programmes at the Business School and help foster a

new generation of fintech experts as well as re-educate
o existing talent in new financial technologies.

The Centre will also work on providing intellectual
guidance to key policymakers and regulators.

“I look forward to the ground-breaking research we
will undertake at this new centre, and the challenges
® and opportunities posed by this new area of research.”
— Andrei Kirilenko, Director of the Centre for Global
Finance and Technology

Find out more here:

imperial.ac.uk/business-school/research/finance/
centre-for-global-finance-and-technology/
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