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Abstract

If an investor wants to invest into multiple asset classes, should he delegate to
a single portfolio manager to manage all asset classes (centralization)? Or should
he delegate to multiple managers, each of whom exclusively manages one asset class
(decentralization)? What if within the asset classes, managers could deviate from a
high mean return strategy to a low mean return strategy to save private costs? We
find: (i) Investors prefer decentralization when asset classes have vastly different mean
returns, because investors can use their wealth allocations to temper managers from
excessive risk taking; (ii) Investors could prefer centralization even in the absence of
skill, because the single manager internalizes correlations across asset classes. Thus,
moral hazard is a potential demand-side explanation for empirically why both specialist

and generalist funds can simultaneously exist in the market.
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1 Introduction

Delegated portfolio management is a core activity in the modern financial markets — but
what is the optimal form of delegation? If an investor wants to access, for example, an Asian
macro strategy and an European macro strategy, should the investor delegate the execution of
these two strategies to a single global strategy manager (centralized delegation)? Or should
he delegate separately to an Asian strategy manager and an European strategy manager
(decentralized delegation)? Moreover, suppose there is a strategy deviation moral hazard
risk: instead of delivering the advertised Asian macro strategy, managers could privately
deviate to a passive Asian equity index of a lower expected return that the investor could
have accessed without delegation. And suppose analogous moral hazard risks could occur
in the European asset class. In the presence of such moral hazard problem, which form of
delegation is better: centralized delegation or decentralized delegation?

William F. Sharpe coined the term “decentralized investment management” in his Pres-
idential Address to the American Finance Association 1981 Annual Meeting. Sharpd (1981,
page 233) concludes with:

There is, of course, much more to this problem [of decentralized investment man-
agement|. We have assumed away many important aspects of the principal-agent
relationships(s). ...In short, we have clearly provided necessary and sufficient
conditions for the traditional final sentence in such a paper: More research on

this subject is needed.

Clearly the general literature in principal-agent theory and its specific applications to dele-
gated portfolio management have significantly advanced in the years since 1981. Yet to the
best of my knowledge, the problem of understanding the similarities and differences between
centralized versus decentralized delegation with the presence of moral hazard remains unex-
plored, and its solution properties remain elusive. In particular, substantial recent empirical
evidence (see literature review in Section B below) suggests that moral hazard risks are
strongly present in hedge funds, via the forms of fraud, operational risk, misrepresentation
of investment strategies and mixed evidence of managerial effort in generating alpha. The
key contribution of this paper is an attempt to explore a question opened by Sharpe from

decades ago and is made ever more imperative in the modern financial markets.



In this economy, there are two types of individuals: a single Principal and multiple
Managers. The Principal is initially endowed with a single unit of wealth, while Managers
have zero initial wealth. All individuals are risk averse with mean-variance preferences
over their terminal wealth. The Principal has a strict desire for Managers to be compliant
and implement a specific pair of investment strategies, and the Principal must delegate to
Managers to access these strategies. However, implementing these strategies incurs private
costs for the Managers. Moreover, Managers could deviate to alternative deviant strategies
that are privately costless but have lower mean returns and different correlation structure
than the Principal’s desired pair of strategies. For simplicity, we take an extreme assumption
that the Principal would abandon delegation if it is too costly to implement his desired
strategy pair.

In the presence of such moral hazard over investment strategies within each of the two
asset classes, the Principal needs to decide which form of delegation is best for him. In the
first option, the Principal can choose centralized delegation: the Principal delegates all initial
wealth to a single Manager C'. Manager C' has two actions: investment strategy choice and
portfolio allocation choice. Manager C' first needs to select a strategy pair, one strategy from
each asset class. Taking any offered contract into account, Manager C' will then construct
portfolio weights between this strategy pair. In return, the Principal compensates Manager
C with a linear contract over the net returns of the resulting portfolio.

Alternatively, in the second option, the Principal can choose decentralized delegation: the
Principal makes a portfolio choice and decides how much of his initial wealth to delegate to
Manager A who will exclusively manage one asset class, and delegate the rest to Manager B
who will exclusively manage the other asset class. Both Managers can only pick one strategy
from their respective asset classes. Again, the Principal compensates these two Managers

with linear contracts over the net returns from their respective asset class.

1.1 Results overview

In first best with no moral hazard risk, where the Principal can observe and directly contract
on the Managers’ strategy choices in each asset class, the comparison of centralized versus
decentralized delegation is a simple question of optimal risk sharing.

We next consider the second best case where moral hazard is distinctly present, in that



Managers can privately choose their investment strategies within said asset classes. In cen-
tralized delegation, for any given contract, Manager C' makes portfolio weight choices and
strategy pair choices. A deviant pair of strategies have generically different mean returns
with some correlation level than the compliant pair. Given that Manager C' has mean-
variance preferences, when he deviates, he will naturally put higher portfolio weights to the
deviant strategy of one asset class with a higher mean return and a lower portfolio weight
to the deviant strategy of another asset class with a lower mean return. This generates a
“long-short” trading profit benefit for Manager C' out of the deviant strategy pair that is
not preferred by the Principal. Again, because the compliant pair has precisely the correct
risk-return profile that the Principal strict desires, the Principal has a strict desire to be com-
pliant and will not entertain any other deviant strategy pairs. Thus to ensure compliance,
the Principal must compensate Manager C' with higher performance fees for the opportunity
cost for Manager C’s foregone long-short trading profits out of the deviant pair, along with
Manager C's private costs for implementing the Principal’s desired strategy pair. Further-
more, the Principal must compensate Manager C' for differences in contract volatilities that
arise out of incentivizing Manager C' to implement the compliant pair as opposed to any
other deviant pair.

In contrast, under decentralized delegation, even if Manager A or Manager B deviates,
he can only deviate in strategies within his own asset class. The aforementioned long-short
opportunity cost in centralization simply does not exist for them due to restriction in their
respective investment opportunity set. Hence, to ensure compliance from the decentralized
Managers, the Principal simply needs to compensate for their private costs, and the mean
and volatility differences between the compliant and deviant strategies in their respective
asset classes.

With these second best mechanisms of centralization versus decentralization, Table O
summarizes and highlights the specific components that affect the Principal’s decision for
the best delegation form.

Of the several implications from Table 0, we highlight the first two. We leave the dis-
cussions of the other implications to the main text. As an illustration, the first implication
suggests the Principal should not delegate to a single Manager C' to manage both equities and
treasuries. Historically, equity has earned a higher expected return than treasuries due to the

risk premium that equity commands; this is well understood in the asset pricing literature.



Assets classes with ‘ Cen Dec ‘ Corollary

Different mean returns X v 61
Similar mean returns v X 62
Large differences in correlations X v 63
Low volatilities X — 62
High volatilities without diversification benefits | X — 64
High volatilities with diversification benefits v oo 64
Low managerial risk aversion X — 63

Table 1: (Second best) This table summarizes the key asset pricing comparative statics to
the second best contracting environment. Here, “Cen” refers to centralized delegation,
while “Dec” refers to decentralized delegation. A v  signifies it is favorable to the
Principal for that form of delegation; a X signifies it is unfavorable; a — signifies it is
neither favorable nor unfavorable and we defer the details to the actual result statement.

However, in the context of delegated portfolio management, the concern for the Principal is
that the single Manager C' could deviate and use excessive leverage (via shorting treasuries)
to finance an excessive long position in equities. This “long-short” portfolio could be very
contrary to the risk-return preferences of the Principal. Thus, in this illustration, central-
ized delegation is detrimental for the Principal, while decentralized delegation is beneficial.
In decentralized delegation, the Principal directly contracts with, for instance, Manager A
who exclusively manages equity and Manager B who exclusively manages treasuries. Since
neither Manager A nor Manager B could trade each other’s asset class, and the Principal
assigns wealth allocations to the Managers, neither Manager A nor Manager B could engage
in those detrimental “long-short” strategies. This argument for the Principal to find special-
ized managers in equities and treasuries is not based on an asset “expertise segmentation”
argument as proposed by, for example, He and Xiong (2013). Rather, beyond an “expertise
segmentation” supply-side argument, our model provides a potential explanation for why
we empirically observe the existence of “specialist” funds that only specialize in one asset
class — investors, on the demand-side, want to manage risk-return themselves to temper
excessive risk taking by the managers.

The second implication of Table 0 suggests even in the absence of skill, centralized del-
egation could be better than decentralized delegation. As an illustration and as motivated
from the introduction, suppose the Principal wants to access a globally diversified portfolio,

specifically an Asian macro portfolio and an European macro portfolio. Suppose managers



in this economy have no skill and cannot generate mean returns above their comparable in-
dex. That is, the macro strategies have similar expected returns to their comparable index,
but it is still privately costly for the managers to execute their macro strategy. Furthermore
suppose the two macro strategies have low correlations with each other. In this case, decen-
tralized delegation is not favorable because when the Asian and European managers consider
a deviation, they do not take into account the beneficial correlations of their strategies. How-
ever, in centralized delegation, as the single manager can construct portfolios across both
asset classes, the single manager will internalize correlations when considering any strategy
deviations. The single manager is less likely to deviate if the diversification benefits are
sufficiently large, even in the absence of skill. Thus, in this case, centralized delegation could
still be favorable for the Principal. Hence, our model provides a potential explanation for
why investors are willing to invest into some “generalist” funds that have an apparent lack
of skill — even in the absence of skill, investors may prefer the diversification benefits of

having a single manager managing multiple asset classes.

2 Literature Review

The term “decentralized investment management” was first coined by Sharpe in his seminal
paper Sharpe (I[981) where he argues that an investor would prefer decentralization over
centralization for “diversification of style” and “diversification of judgment”.” Adding to
Sharpe’s argument, Barry and Starkd (1984) demonstrate that risk sharing is another mo-
tive for preferring decentralization over centralization. Decentralized delegation is a very
real issue faced by practitioners, as recognized in [Elfon and Gruber (2004), which offers con-
ditions under which “a central decision maker can make optimal decisions without requiring
decentralized decision makers to reveal estimates of security returns”. More recently, wan
Binsbergen, Brandt, and Koijen (2008) study the decentralization problem in continuous
time and derive the optimal wealth that the investor should allocate among decentralized
managers. However, none of the references above have studied a moral hazard problem of
any form in comparing centralization versus decentralization, but this is exactly the central

research goal of this paper.

! While Rosenberg (1977) and Rudd and Rosenberg (T980) predate Sharpd (T981) on discussion of such
delegation concepts, Sharpé (I981) consolidated the idea and offers a clearer call for research directions.



There is a small but growing empirical literature on comparing the effectiveness of cen-
tralized versus decentralized delegation. Blake, Rossi, Timmermann, Tonks, and Wermers
(2013) document that pension fund managers have gravitated from a centralized delegation
model to a decentralized delegation model. In the context of mutual funds, Dass, Nanda;
and Wang (2013) compare the performance of sole- and team-managed balanced funds. Sim-
ilarly, Kacperczyk and Seru (2017) ask whether centrally managed or decentrally managed
mutual funds perform better.

Although our paper is not specific to the type of funds being delegated to, the proto-
typical example is hedge funds. Getmansky, Lee, and Ld (2015) and [Agarwal, Mullally, and
Naik (2015) are recent survey papers of the hedge fund industry. In particular, strong em-
pirical evidence suggests that moral hazard is a substantial concern in hedge funds. Paffon
(2009) argues that a quarter of the funds that advertise themselves as “market neutral” have
significant exposures to the market factor. Brown, Goetzmann, Liang, and Schwarz (2008,
2012) and Brown, Goetzmann, Liang, and Schwarz (2009) argue that proper due diligence
to the extent of reducing operational risks of hedge funds is a source of alpha. Bollen_and
Pool (P012) constructs several performance flags based on hedge fund return patterns as in-
dicators of increased fraud risks. Thus, in light of these empirical evidence, our paper takes
strategy deviations as the core source of moral hazard.

Our paper belongs to the vast literature of delegated portfolio management. Sfracca
(2006) offers a survey on theory findings of delegated portfolio management. The contracting
frictions in delegating to a single agent has been studied since at least Bhattacharya and
Pfieiderer (T985) and Stoughton (1993). These papers are information based, whereby the
principal delegates to an agent because the agent can exert private costly effort to acquire
a signal of the future value of a security. In our paper, instead of adopting the private
costly information acquisition motivation, we assume that the principal delegates to an agent
because the principal faces access restrictions to the financial markets. A recent paper by
He and Xiong (2013) uses a similar assumption in researching optimal investment mandate
delegation. Again, in light of the aforementioned empirical evidence, moral hazard in the
form of strategy deviations, and not simply information acquisition, will be the key friction
to model in our paper.

Our model fits into the broad literature of optimal delegation forms. The recent work by

Gromb and Marfimorfl (2007) discusses the optimal design of contracts for experts who can



privately collect a signal. In addition, their paper focuses on risk neutral individuals with
limited liability and economies of scale of private costs. Whereas in our paper, we explicitly
focus on how risk aversion can play a critical role in portfolio choice and we do not assume
economies of scale in private costs. Some key earlier work on delegation to multiple agents
are Demski and Sappington (1984), Demski, Sappington, and Spillerf (I988), and Holmsfram
and Milgrom (T991). Unlike our paper, these papers also do not explicitly consider the issue

of portfolio choice in their moral hazard problems.

3 Model Setup

3.1 Individuals, Assets and Moral Hazard

There are two time periods ¢t = 0 and ¢ = 1. There are two classes of individuals: a single
Principal and three Managers A, B and C. The Principal is initially endowed with $1 unit
of wealth, and the Managers have $0 initial wealth. Both the Principal and the Managers
have mean-variance preferences over their own terminal wealth. The Principal has a risk
aversion parameter of np > 0, while the Managers have a risk aversion parameter of ny > 0.

There are two risky asset classes, indexed by 6 and 7. Within each asset class, there
are two specific investment strategies {H, L}. Thus, for asset class 6, the specific investment
strategies are {0y, 0}, and for asset class 7, they are {my, 7.}

The Principal has no access to the financial markets and must delegate to the Managers.
We make an assumption on the investment strategy from each asset class that the Principal
strictly prefers. See Remark BZ3 for a discussion of the significance and restrictions of this

assumption.

Assumption 3.1. The Principal has a strict preference for the strategy pair (O, ) to be

implemented over any other strategy pairs.

Motivated by Assumption B, we consider the “H” investment strategies to be compliant®
and the “L” strategies to be deviant® . Likewise, we call the strategy pair (6, TH) the

compliant strategy pair, and call any strategy pair (0,7) # (0u, ™) the deviant strategy

2 The term compliant refers to the strategies that the Principal strictly prefers the Managers to implement.
3 The term deviant refers to the strategies that the Principal strictly prefers the Managers to not imple-
ment.



pairs. As a concrete example, we may think of § as the Asian equities and 7 as European
equities. Accordinginly, 6y can represent an active Asian macro equities strategy, while 6y,
can represent a passive Asian market index. Analogously, the 7y strategy can represent an
active European macro equities, while 71, can represent a passive European market index.

With some abuse of notation, we use # and 7 to index the investment strategies under
their respective asset classes 6 and 7. We use 6 € {0y, 0.} to denote 6 is an investment
strategy from {0y, 01} of the asset class 6. Analogous comments for the expression 7 €
{mu, 7.} will apply. We write Ry to denote the net return of a strategy 6 € {fy,0r} in
the asset class . Again, analogous comments for the notation R, for 7 € {my, .} will
apply. The set of all possible strategy pair combinations from these two asset classes is
then S := {(0u, ), (0, 1), (0L, 1), (6, 7.) }. We denote the set deviant strategy pairs as
S—(owmn) = S \A{ (0, 70)}-

For each asset class, the Managers can privately choose an investment strategy. However,
if they choose to implement the Principal’s desired strategies, they will incur a specific private

cost. The private cost structure for choosing (0, 7) is,

c >0, 0 = Oy, c >0, T = TH,
c(0) = and ¢(7) = (3.1)
O, 0= GL 0, T =TL.

We may think of the source of this private cost as “effort”, in the sense that the Managers
need to expend energy to actively manage a more complex investment strategy that the
Principal desires for any given asset class.®

We denote the means and variances of 6 € {0y,0.} as, uy := E[Ry],08 := Var(Ry),
respectively. We use analogous notations for 7 € {ry, 7.}. We denote the correlations of the
pairs (6, 7) as pg, := Corr(Ry, R;), for (0,7) € S.

We make the following assumptions on the moments of the investment strategies.
Assumption 3.2. Assume that,

1. The compliant strategies have identical means®, p = pg, = firy. Moreover, compliant

4 Here, we have assumed that both asset classes § and 7 have identical private costs but this can be
readily relaxed without affecting the qualitative results.

5 The equivalent means assumption can be easily relaxed at the expense of more complicated expressions
of the results.



strategies have higher means than the deviant ones,

Apg = pog — Mo, = p— pgy, > 0,
Apr := iy — Hry, = pt — gy, > 0.

2. The volatilities of all investment strategies are identical,®

o’ =05 =02, forallb,rT.

3. No perfect correlations between the investment strategies,

|p07| <1, (977) €S.

Remark 3.3. Assumption [Z1 is a critical assumption that has both technical and economic
content and s clearly done with some loss of generality. From a technical perspective, as
we shall see in the next section, this assumption simplifies the Principal’s objective function.
Without this assumption, the Principal needs to cycle through all four possible strategy pairs
(0,7) € S to compute which pair yields the highest value function for himself. While this
computation is not difficult from a technical perspective, it is not particularly economically
insightful. Furthermore, the sufficient conditions on the parameters that ensure (0w, ) to
be the optimal pair is not economically interesting.

Economically, however, this assumption can be motivated in one of the two following
ways. Firstly, this assumption may be justified if the Principal has some existing investments
that correlate favorably with the compliant pair (0w, ). Thus, he wants to delegate to
Managers who will compliantly implement (Oy, 1) for him.

Secondly, this motivation can be further economically justified if the Principal has partial
access to the financial markets. Suppose the Principal can directly and costlessly access both
of the deviant strategies of each asset class, 0, and m,. Continuing from the opening example
with Asian equities and European equities, the deviant strategies would then be a passive

Asian index and a passive Furopean index, both of which the Principal could access directly

6 The equivalent volatility assumption can be easily relaxed at the expense of more complicated expressions
of the results.
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without delegation. If this were the case, the Principal would only want to delegate to have
managers implement his preferred strategy pair (0w, ™), which are, respectively, the Asian
macro and European macro strategies. For instance, if the parameters are such that a deviant
strategqy pair (g, ) yields higher value for the Principal than (0w, Ty), then the Principal
only needs one outside Manager to manage the asset class 6 because the Principal can very
well manage (1) by himself. Analogous comments apply for other deviant strategy pairs. If
this were the case, we would have no meaningful discussion of centralized versus decentralized
delegation as in our context.

Thus, for the remainder of the paper, Assumption [Z is strictly enforced.

3.2 Delegation forms

In the presence of moral hazard over investment strategy choices for each asset class, how
should the Principal delegate? For the rest of the paper, we focus on two forms of delega-
tion — centralized delegation and decentralized delegation. In both forms of delegation, the

Principal offers a linear contract over the portfolio’s net returns.

Remark 3.4. We emphasize that the core idea of the paper is to study the difference between
centralized delegation versus decentralized delegation — under the linear contract form. That
1s, while we do solve for the optimal linear contract, we make no claims that the linear class
1s optimal. Indeed, while interesting from a contract theory perspective, contract optimality
(and its inherent complexity) may detract from the core idea of the paper in understanding

the differences between the delegation forms.

3.2.1 Centralized delegation

In centralized delegation, the Principal delegates all initial wealth to a single Manager C.
In the previous example, Manager C' can be a global strategy manager who manages both
the Asian and European asset classes. Manager C' will be responsible for managing both
asset classes 6 and 7. Given any contract, Manager C' will have both a strategy choice
and a portfolio choice. Firstly, from each of the two asset classes, Manager C' will pick a
strategy 0 € {0y,0.} and a strategy 7 € {my,7.}. Secondly, for each chosen strategy pair
(0, 7), Manager C will pick portfolio weight 1 — ¢ into strategy 6, and portfolio weight 1)
into strategy 7. The resulting portfolio (1 — Qﬂ(gﬁ), z@(gﬁ)) will have a net return }?(977). For

11



Manager C chooses

Manager C' accepts portfolio weights )
or rejects 1 —1 € R into Ry; Managel: C receives payoffs
the contract and 'l/) nto RT xTc + ch(({),T) - (6(9) + C(T))
1 1 1 1 1 1
Principal offers Manager C' makes Principal receives pooled
a linear contract investment strategy . portfqlio return
(ze,yc) € R x [0,1] choices Ry = (1 - Yo.n)Ro + Yo R
to the Manager C 0 € {0u,6L}, pays ¢ + ycR(e - to the Manager C'
7 € {mu, .}

t=1

Figure 1: Centralized delegation timeline. Manager C' has a strategy choice from each asset

class and has a portfolio choice between the selected pair of strategies. The Principal

only has a contract design choice.

Manager (s service, the Principal offers a linear contract z¢ + ch(g,T) over the portfolio

net return, where (x¢,yc) € R x [0,1]. Thus, z¢ is a fived (percentage) fee, while y¢o is a

performance (percentage) fee. See Figure [ for a timeline.

Thus, the optimization problem under centralized delegation is as follows.

sup ]E[W(SZH’TH)] - 77—PVar(VVC(f:,H’TH)), (Cen)
(zc,yo)ERX]0,1] 2
subject to,
W =1+ R — (zc + yoR.m), (
Wég’ﬂ = —(c(0 ) (T)) +zc +ch(e,T), (3.
W™ = —(e(0) + e(r)) + 2 + o (1 — )Ry +YR,) (3:2c
1[1(977) = arg sup E[Wée’T)] — n—MVar(WéG’T)), (3.2d
PER
f}(gﬂ-) = (1 - ¢(9 T))RG + ¢ 0,7) ’T (326
0 < E[wimm)) - Var(W (Orm)y (3.2f)
(On, 1) = arg max E[Ww ] — Var(W @y, (3.2g)
(¢",7")es
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In (Cen), the Principal maximizes his mean-variance utility over his terminal wealth
(BZd), which is equal to the return from the Manager C' managed portfolio, less the fees
that the Principal pays. In the optimization, the Principal needs to pick the optimal fixed
fees z¢ and the optimal performance fees yo as part of the linear contract. Given the
linear contract, Manager C' will construct the optimal portfolio, as in (B=2d), out of the two
strategies, one each from the two asset classes, to obtain the portfolio returns in (8224). For
Manager C’s service, his terminal wealth is (B22H). The contract must be such that Manager
C' is willing to participate and so (B=2) is Manager C’s individual rationality constraint. In
the second best case, the Principal’s desired strategy pair (fy, ) must also be incentive
compatible for Manager C, which is (B=2g).

3.2.2 Decentralized delegation

Managers A, B make
investment strategy

Principal makes choices Manager A receives returns
portfolio choices: 0 € {0y,0n} and (1 —=7)(za+ yaRs) — c(0);
(i) 1 — 7 € R to Manager A; and T € {m, T}, Manager B receives returns
(ii) 7 to Manager B resp. m(zp + ypR-) — c(7)
| | | | | |
Principal offers Managers A, B accept Principal receives returns
two linear contracts or reject TR, 4+ (1 — 7)Ry;
(xa,94), (xB,yB) € R x0,1] the contract pays (1 — m)(xa + yaRy) to Manager A, and
to both Managers A, B pays m(xp + ypR,) to Manager B
t=0 t=1

Figure 2: Decentralized delegation time line. In contrast to centralized delegation of Fig-
ure [0, the Principal now has both contract design choice and portfolio choice. Manager
A and Manager B only have strategy choices within their own asset class.

In decentralized delegation, the Principal delegates wealth to two different individuals,
Manager A and Manager B. Manager A is responsible for only managing asset class 6, and
Manager B is responsible for only managing asset class 7. Following the earlier example,
Manager A is an Asian asset class manager, while Manager B is an European asset class
manager. The Principal allocates 1 — 7 portion of his initial wealth to Manager A and 7

proportion to Manager B. In return for the two individuals’ services, the Principal offers

13



a linear contract (1 — 7)(x4 + yaRy) to Manager A, and w(xp + ypR,) to Manager B,
where (z4,y4), (zp,yp) € R x [0,1].%7 Thus, z4,zp represent the fized (percentage) fees
for, respectively, Manager A and Manager B, whereas ya,yp represent the performance
(percentage) fees. Please see Figure B for the time line.

The optimization problem under decentralized delegation is as follows.

sup sup E[Wmm)) TI?PVar(WI(fH’TH)) (Dec)
(za,ya),(zB,yp)ERX[0,1] me[0,1]
subject to,

WY =1+ 7R, + (1 — m)Ry — m(a5 + ysR,) — (1 — 7)(xA + yaRe) (3.3a)
W= (1 —7)(za+yaRe) — c(0) (3.3b)
Wi =mn(xp+ysR;) — c(7) (3.3¢)

0 < E[W9] - %Mvar(wjﬂ), and 0 <E[WZ] — %\/{Var(W;H) (3.3d)

Oy = arg max E[W] — Myar(w?) (3.3¢)
0" {0u,00} 2

i = argmax E[W5] — 77—1\/[\/211“(1/[/};/) (3.3f)
r'e{ra, .} 2

The Principal’s objective (Ded) is to pick the optimal linear contracts to compensate the
two Managers, and also to pick the optimal portfolio policy to decide how much wealth to
allocate to the Managers’ strategies. The Principal’s terminal return (B233d) is equal to the
portfolio (1 — 7, 7) that the Principal decides to allocate to Manager A and B’s strategy
returns (Ry, R;), less the fees owed. Equations (B=3H) and (B23d) represent, respectively,
Manager A and Manager B’s terminal wealth. The two Managers’ participation constraints
are in (B33d). To induce Manager A and Manager B to pick the Principal’s desired strategy

pair (fp, ), the Managers’ incentive compatibility constraints are in (8238) and (B231).

7 To actually have a feasible contract, we actually require that 7 > 0 and 1 — 7 > 0. Else, without this
requirement, the Principal could demand infinitely large claw back payments from the two Managers. We
will see in the subsequent that these conditions do not bind in the presence of the individual rationality
constraints.
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4 First Best

We begin by considering the first best setup, whereby the Principal can directly observe and

contract on the private investment strategy choices of the Managers.

4.1 Centralized Delegation in First Best

For the first best centralized delegation case, consider problem (Cen) without the incentive

compatibility constraint (B-Zg).

Proposition 4.1 (First best centralized delegation). Consider the first best centralized dele-
gation problem; that is, problem (Ced) without the incentive compatibility constraint (B-2g).
Fiz any strategy pair (0,7) € S.

(a) Given any linear contract (xc,yc) € R x [0,1], the optimal portfolio weight to strategy

7 of Manager C is, B

L 1—Jﬁiﬁi—). (4.1)

@ijcf I (1 + —
@) 2 yo muo?(1 — por)

(b) For any given contract (xc,yc), the mean and variance of the portfolio return R%OCT) are

given by,
A 1 (MQ - ,uT)2 o + Hr
E[Ry ) = — + ;
B) ye 2mao?(1 — por) 2
. 1 — 1, )?
Var(RYS ) = — (o = 1e)” 21 4 ).

Ye 2ny0? (1 — por)

81f one needs the value of 1/3%’;7) at yo = 0, we will define it via the limit; that is, 1/3?9,7) = limy,, 1o ﬁ%’ecﬁ).
However, as we shall see, the optimal performance fee yo generically will not be reached at 0 (i.e. due
to individual rationality of Manager C'), and hence the point 0 is not really of concern. For subsequent
expressions in this proposition that involves yco in the denominator, define it through the same limiting
argument.

15



(c) The optimal fized and performance fees are, respectively,

2o((60,7),yc) = (c(0) + (7)) — yoB[RY ] + %My%\/ar(ﬁ?éfﬂ), for any yc € [0, 1]
(4.2)

:&FB — Tp
© np + v

and so under the optimal contract, the optimal portfolio is,

5 gEB 1 e+ fr — o
1/] 0,7) — wyCT = = (1 + .
@ ®r) 2 e nmo?(1l— pgr)

In particular, for implementing the Principal’s desired investment strateqy pair (6u, Ta),

the optimal portfolio would be,
1

1yc -
(Ou,mv) — 9°

(d) The Principal’s value function for implementing (0w, Tq),

1 TPTIM

2
(1 + py .

EW5 ™) - TVar(Wg™)| = —2e+1+p-

(e) For any contract (zc,yc), the Manager C’s utility for implementing investment strategy
pair (0,7) is,
E[W] — DVar(W )

(M@ - ,U/T)Q
dmuo®(1 — por

=—(c(0)+c(1)) + xc +

1 1
) + 5(#9 + e )yo — ZﬂMaz(l + por) Ve,

and in particular for (O, ), it is,

T] T] 1
E[W ™) = TEVar(WE™ ™) = —2¢ + ac + pyo = 7m0 (L + Poy ) 12-

In centralized delegation, for any given contract, the portfolio weight @@?GCT) into strategy
7 made by Manager C'is clearly independent of the fixed fees ¢ and only dependent on the

performance fee yo. Moreover, the core idea in centralized delegation is that Manager C' takes
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any arbitrary contract (in particular, the performance fees) into account in making portfolio
choice decisions. This is the fundamental idea in delegated portfolio management, well
highlighted by Admafi and PHeiderexr (1997) and other: a portfolio manager uses his access
to the financial markets to manipulate and partially unwinds the effects of any incentive
contracts that a Principal offers to him.

For the sake of the current argument, suppose strategy 7 has a higher mean return than
strategy 0, so p, > pg (the converse case is analogous). In this case, naturally Manager C
allocates higher portfolio weights 1[1(%6:7) to strategy 7 and less to strategy 6. If the strategies
have high correlations py,, it induces the Manager C' to almost take a “long-short” strategy
whereby even more weights are allocated to 7 and less are to . Holding the performance fees
Yo as constant, these portfolio choice implications would be standard to any Markowitz-type
mean-variance investor. However, taking the performance fees yo into account, we see that
if the Principal offers very low performance fees, yo | 0, then Manager C' acts almost like
a risk-neutral individual and takes only infinitely long-short positions. In contrast, if the
Principal offers very high performance fees, yo 1 1, then Manager C' makes portfolio choices
that are identical to the Markowitz-type mean-variance investor. Thus, to optimally risk
share in first best, the optimal performance fees 57 is equal to the ratio of Principal’s risk
aversion 7p over the sum of both the Principal and Manager C’s risk aversions np+my. As we
shall see, this effect of the performance fees y- on the portfolio choice 1&?9077) of Manager C' will
play an important role for centralized delegation in the second best discussion (Section H).

The optimal fixed fees Z¢ simply makes Manager C’s participation constraint (B=2f) bind;
that is, the fixed fees are to simply compensate for Manager C’s private costs for taking on
investment strategy pairs (0, 7), less Manager C’s share of the returns, and plus a volatility

adjustment.

4.2 Decentralized Delegation in First Best

Next, we consider the first best decentralized delegation case. That is, consider the problem
(Ded) without the incentive compatibility constraints (B=3d) and (B=31).

Proposition 4.2 (First best decentralized delegation). Consider the first best centralized

delegation problem; that is, problem (Ded) without the incentive compatibility constraints
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(B334) and (B33). For any investment strategy 0,7, define the quantities:

co o L[y G = o) (g 4 e (1= por))
(0,7) 2 e (1 — per)

e [(tto — pr)(1 = por) (s + 10 (1 + por)) + nemuo®(1 — p5.)]

)

yo ) = ’
AOD T (g — ) (v + 10)? = 1203, + memio® (1 — por) [ + e (1 + par)]
Yo e e [(110 — ) (1 = por) (s + 10 (1 + por)) — nemo®(1 — p.,)]
BOD T (o + np (1 + par)) (120 — pr) (it + np (1 — por)) — nenuo®(1 — per )]
Then,

(a) For any portfolio w allocated to Manager B and performance fees (ya,yg), the optimal

fixed fees are,

n
Pa(0,7,y0) = 7= [el0) = (1 = myyapo + Sy - 707 (430)
1
Tp(r,myp) = — el T) — TYBir + "77%237(202 (4.3b)

() If (G 110 Y% 0.y Y, 0m)) € (O, 1)3, then the optimal portfolio policy and optimal perfor-
mance fee policy of the Principal for implementing strategy (6, 7) are (7 v, Y24 (6.+): Y5.(0.7))-

(¢) In particular, for implementing (0u, 1), the optimal portfolio and performance fee polices

are,

( giB ggB) _ (1 7]13(1 + p9H,TH) nP(l + IO9H,TH) )
A 27 v+ (L o) T v+ (14 poy ) )

and the Principal’s value function is,

O, np O, 1 npnmo®(1 + poy.r )
H,TH

In decentralization, the Principal allocates equal amount of wealth into Manager A and
Manager B, and offers the same performance fees to both Managers. This result is immediate
since from Assumption B2, we had assumed that the compliant strategy pair (fy, ) have
identical means and identical volatilities. Unlike the performance fees of centralization in

Proposition BT, where the performance fees are simply np /(np + 1), the performance fees in
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decentralization must take into account the correlations pg, -, of the strategies. In central-
ization, risk management is internalized by the single Manager C', and hence the resulting
performance fees only need to depend on the risk aversions of the individuals. However,
with decentralization, the Principal must handle risk management himself and thus the
performance fees must reflect the correlations of strategies, in addition to the individuals’

respective risk aversions.

4.3 Comparison between Centralized Delegation versus Decen-

tralized Delegation in First Best

Now we can compare centralized delegation versus decentralized delegation under first best.

Proposition 4.3 (First best centralization versus decentralization). The difference between
the Principal’s value function in first best decentralized delegation and first best centralized

delegation 1is,

(Ou.m)y P (eH,TH>>‘ _( (Oum)y P (9H,m))‘
(B = Tvarwem)) |~ (BWE™) = Tvarw i) |

IMTE Lo, (L + Poygrg )0

4(np 4+ mv) (v + 1 (1 4 o))

Decentralized delegation is better than centralized delegation if and only if the returns of
the Principal’s desired strateqy pair (Ou, ™) are strictly positively correlated pgy -, > 0.
Conversely, centralized delegation is better than decentralized delegation if and only if the
strategies are strictly negatively correlated ppy -, < 0. The two forms of delegation are

equivalent when the strategies are uncorrelated pgy 4 = 0.

Firstly, by Assumption B2, the first best portfolio choices between centralization (Propo-
sition B1) and decentralization (Proposition B2) are identical: in centralization, Manager C
would put equal portfolio weights into strategy g and 7y; in decentralization, the Principal
would put equal weights into Manager A (who manage strategy fy) and Manager B (who
manager strategy 7y). Thus, the essential difference between centralization and decentral-
ization under first best comes down to the performance fee policies, which is then an issue

of optimal risk sharing.
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When the correlation between the Principal’s desired strategy pair (fy,7h) is strictly
negative, pg, -, < 0, delegating to a single Manager C' is beneficial. Given that Manager
C puts equal long positions into both investment strategies 6y and 74 and is risk averse, a
strictly negative correlation pg, -, lowers the contract volatility for Manager C', and thereby
it is cheaper for the Principal to risk share with Manager C. When the correlations be-
come strictly positive, pg, -, > 0, the reverse happens, and decentralized delegation is more
appealing to the Principal. When the correlations become positive, delegating to a single
Manager C' increases Manager (s contract volatility, and thereby making it more expensive
for the Principal to risk share. However, with decentralized delegation, neither Manager A
nor Manager B directly absorbs the positive correlation effects. Thus, the Principal, via
his own portfolio choice, can make it cheaper to risk share with the decentralized Man-
agers. Finally, in the case when the strategies are uncorrelated, pg, -, = 0, both centralized
and decentralized delegation are identical, since neither the centralized nor decentralized

Managers(s) are affected by the correlation structure directly for the purpose of risk sharing.

5 Second Best

We come to the core results of the paper. In second best, the Principal cannot directly
observe nor contract on the specific investment strategies that the Managers choose within
each asset class. In both the second best centralized delegation (Proposition B below)
and the second best decentralized delegation (Proposition 52 below), the key emphasis is,
respectively, the performance fees and the optimal portfolio policies. In contrast, the fixed
fees (i.e. ¢ in centralization; and x4, xp in decentralization) are relatively straightforward.
In both cases, the optimal fixed fees ensure that the Managers will participate and accept
the contract. Furthermore, the fixed fees compensate the Managers for their private costs,
less the expected performance fee amount payoff, plus a volatility adjustment. This fixed fee
form is standard in all linear contracting setups, and hence we focus the remainder of the

paper on the performance fees and the portfolios.

5.1 Centralized delegation

First state the second best results for centralized delegation.
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Proposition 5.1 (Second best centralized delegation). Consider the second best centralized
delegation problem (Ced). Then:

(a) For any performance fee yo € [0, 1], the optimal fixed fees have the same form as that of
first best in (E=) of Proposition [-1.

(b) For any performance fees yo € [0,1] and investment strategy pair (0,7) € S, the op-
timal portfolio 1&?907) chosen by Manager C is the same as the first best form (E) of
Proposition 1.

(c) The (three) incentive compatibility constraints on the performance fees yco for inducing
Manager C' to implement the strategy pair (O, ) are,
1 1 9 9
= 2c+ 5oy + pimg)ye = 0" (14 Poyru)Yc

2
(o — pir)? 1
4nyo?(1 — pef,T/) + 2(M9’ + fir)y

1
77M02(1 + pG’,T’)yév

> —(c(Q')—Fc(T'))vLl c~

(5.1)

Jor (0/,7") € S_(9y,my)- Moreover, three incentive compatibility constraints (5B1) can be

equivalently written as a single constraint,

1 (py — pirr)?
OZmaX{— (0 4+ (') —2¢) + =
(¢’,7") ( ( ) ( ) ) 4T]M02(1 —pglﬂ./)
1 _ _ _1 2 2 _ 2 59
+ 5 (ke = oy + pir = pn)ye = 70 (Porr = Powm)Yc | (5.2)

where the mazimum is taken over the possible deviant strategy pairs (6',7") € S_(oymy)-

Recall from Assumption B3, p = gy = flry -

(d) If the net cost for Manager C' to comply and implement the Principal’s desired strategy

pair (Ta, Ta) 18 sufficiently low, the Principal will achieve first best. That is, if

0 > max { — (0(9’) + c<7-’) _ 2c) 4 1 (MO’ - Mr/)Q

(',7") 4 T]MO'2(1 — pglﬂ_/)
1 np 1 np 2
— ; — ;) — —_— — — 2 2 Vi ;) — —_—
+ 2(#9 fog + fr um)np U (por v — Pou,r) (np +nM> }

(5.3)
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then the optimal performance fee is jc = yEP.

(e) Suppose the net costs for compliance to Manager C' is sufficiently high; that is, replace >
in (B33) with <. If an optimal performance fee o € [0, 1] exists, there necessarily exists
some (unique) pair of deviant strategy pair (0°,7°) € S_(gy.y) that yields the highest net

deviation benefit for Manager C. Consider the following two conditions on (6°,7°):

(i) For any strategy pair (0, 7") € S_(gy,7), define (i.e. the quadratic discriminant),

1
Dy 71y := 1 (por — poy + porr — MTH)2

(@) + o) = 20) + Lo = pr)?

2 2 B
477MU2(1 _pe’,r/) o (PO )T peH,TH)'

(5.4)
Suppose the strategy pair (0°,7°) is such that,
Dy -0y > 0.
(ii) For the pair (0, 7"), define (i.e. the positive quadratic Toot),
. L [ pgp — poy + prv — pir
Yy (60 ,7b) = 5 (— d B 5 i + D(gbﬂ.b)
« ( (Qb) + ( b) 92 )+ 1 (Meb _:urb)z ! (5 5)
—(c e(t’) — 2¢) + — : .
4dno?(1 — Peb,rb)

Suppose the pair is (0, 7°) is such that,
g+’(9b77b) € [O, 1].
If both conditions (i) and (ii) hold, then the second best performance fee is o = iy b 1t

If neither condition (i) nor (ii) hold, then no second best contract exists for centralized
delegation.
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The right hand side of the incentive compatibility condition (B2) is the “net cost” for

Manager C' for being compliant instead of being deviant. We can rewrite and decompose

the incentive compatibility condition to the following subparts:

1
0> max { 20— (el0) + o)) 5 (o — pog + por = i

(2o

~
(i) Private costs

J

v
(ii) Mean performance fees

1 (Nel — MT')2 1
2 2 2
n + “ o (pGH ™ P T’)yC }
Ano?(1— py) 4 .
(iif) Trad‘i;g profits (iv) Contract volatility
opportunity costs LT

-

(v) Correlation interaction

Let’s discuss each of these subparts.

(i)

(i)

(iii)

Private costs: By being compliant and picking (0y, 1), Manager C' needs to incur
private costs of ¢(6i) + ¢(ma) = 2¢, but by deviating to (6, 7') € S_(g, ), the private
costs are strictly lowered to ¢(¢') + ¢(7’). Hence, 2¢ — (¢(0’) + ¢(7')) represents the
net private costs for complying instead of deviating. These effects are common in
practically all standard principal-agent models. However, as we will discuss below in
(ii) to (v), there are additional effects that arise solely because of Manager C’s ability
to take an arbitrary contract offered by the Principal, and then subsequently form

portfolios upon it.

Mean performance fees: Incentive compatibility for Manager C' also comes in the form
of the net return differences from implementing the compliant investment strategy pair
(Ou, Tu) versus a deviant pair (6',7') € S_(gy.ryy)- By implementing the compliant pair
and recalling the optimal portfolio choices, Manager C' gains an expected performance
fee payoft of (ugy + tiry )Y /2 = pyc, whereas by implementing a deviant pair, Manager
C' has the expected performance fee payoft of (g + pi/)yc/2. However, for the com-
pliant investment strategies, u = pg,, > por and g = pr, > p (with one of these weak
inequalities being strict). Thus, by being compliant, Manager C' enjoys a net gain of

(20 — por — pr)yc/2 > 0 in higher performance fee payoffs.

Trading profits opportunity costs: This represents the opportunity cost in trading profits

for Manager C' by being compliant rather than deviating to an alternative strategy pair
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(0", 7"). Under the compliant strategy pair (fy, ), we had assumed that they have
equivalent means p and equivalent volatility o. Consequently, Manager C' would put
equal weights into both investment strategies, and hence the optimal portfolio weights
would be independent of Manager C’s risk aversion, strategies’ volatility o, and the
correlation pg, ;. In contrast, under the deviant investment strategy pairs (¢',7') €
S_(0y,m) » the mean returns of #" and 7’ could be different, and the correlation pg
is also generically different than the correlation pg, -, of the compliant pair (fy, ).
Thus, when Manager C' deviates, he is likely to engage into a long-short strategy in
the deviant pair. This constitutes a benefit for Manager C' that is foregone by being
compliant, and hence is an opportunity cost for Manager C' that the Principal needs

to compensate for in the form of higher performance fees.

(iv) Contract volatility: Incentive compatibility for Manager C' comes in the form of dif-
ferences in the contract volatility under the compliant strategy pair and that of de-
viant strategy pairs. For any investment strategy pair (0, 7), the contract volatility
for Manager C' is 02(1 + py)yd. Adjusting for Manager C’s risk aversion, the term
— 20 (per 7 — Poy,m ) Ye is the net change in contract volatility for Manager C from tak-
ing the compliant pair (6, 71) versus a deviant pair (6, 7') € S_(g,,~,). The signs of the
correlations matter. If pg v — pg, . > 0, that is the deviant strategy (6, 7') € S_(g,,m)
has a strictly higher correlation than the compliant strategy pair, then this represents
a net benefit for Manager C. Since Manager C' is risk averse, picking the compliant
strategy pair with a lower correlation is beneficial, and so being compliant reduces
the contract volatility. For the reverse case, when py -+ — ppy.~ < 0, being compliant

increases the contract volatility.

(v) Correlation interaction term: Finally, there is an interaction between the (c) trading
profits opportunity costs and (d) contract volatility for Manager C. On the one hand, a
higher correlation py ;- increases the contract volatility for Manager C' when considering
a deviation to (¢',7'), and is thus detrimental to Manager C. On the other hand,
a higher pg . increases the long-short trading benefit for Manager C', and is thus

beneficial for Manager C.

Finally, the Principal wants to incentivize Manager C' as cheaply as possible, which is

equivalent to binding the incentive compatibility constraints with the minimal net costs to
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Manager C' across all possible strategy deviations. See also Corollary Bl for the explicit
conditions on the parameters under which which strategy pair (6, 7°) is the most profitable

deviation for Manager C'.

5.2 Decentralized delegation

Next, we state the second best result for decentralized delegation.

Proposition 5.2 (Second best decentralized delegation). Consider the second best decen-

tralized delegation case; that is consider, problem (Ded) in its entirety.

(a) For any portfolio m and performance fee policies (ya,yp), the optimal fixed fees have the
form (B33) of first best decentralization in Proposition [-3.

(b) The incentive compatibility conditions to induce the Principal’s desired strategy pair

(0w, 1) are,

0>c—(1—myalpuy, (5.6a)
0>c—mygApu,. (5.6Db)

(c) Suppose the private costs ¢ are moderately high® , then the second best decentralized

optimal policies are,

(7%7 :g/h gB)
(} [1 L B = A 2Aprc 2Apgc >
ApgApr |7 c(Apr — Apg) + ApgApiy 7 c(Apg — Apr) + ApigApir

2

The right hand sides of the two incentive compatibility conditions (68) under decentral-
ized delegation represent the “net cost” for Manager A and Manager B for being compliant

instead of being deviant. We note the incentive compatibility conditions can be decomposed

9 The precise conditions for this are in Proposition B(En). See also Proposition B2 for further details
of the optimal policies of second best decentralized delegation.
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as:

> — (1— A > — Ay .
0> ¢ —{d=—myabpy, 0= ¢ mypAp, o, (57)
(aA) (bA) Portfolio mean (aB) Private costs (bB) Portfolio mean

Private costs

Let’s discuss each of these subparts.

(a) Private costs: This is the standard private cost effects in most moral hazard models.
By being compliant and implementing strategy 6y, Manager A needs to incur a private
cost of ¢(fy) = c. Likewise, when Manager B is compliant and implements strategy 7y,

Manager B incurs a private cost of ¢(my) = c.

(b) Portfolio mean: Manager A is allocated 1 — 7 portion of the Principal’s wealth and is
given a performance fee of y4. When Manager A implements strategy 6, his expected
performance fees are (1—7)yapg. Thus, when Manager A chooses the compliant strategy,
he must forgo the expected performance fees that are generated from the deviant strategy.
In all, the expected net benefit for being compliant for Manager A is (1 —m)yapg, — (1 —
T)yape, = +(1 — m)yalApe; or equivalently, the expected net cost for being compliant is
—(1 — m)yaQApug. The discussion for Manager B is analogous.

Finally, the Principal wants to incentive Manager A and Manager B as cheaply as pos-

sible, which is equivalent to binding the incentive compatibility constraints.

Remark 5.3. In the incentive compatibility conditions (58) of decentralized delegation, while
there is a term for portfolio mean returns, but there is no analogous term for portfolio volatil-
ity. This is due to Assumption B2. If the volatilities of the investment strategies differ, then
both Manager A and Manager B will also consider the wvolatility differences between the

compliant versus the deviant strategies.

6 Second Best Centralization versus Decentralization

We compare the similarities and differences in contracting between centralization and de-

centralization.
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6.1 Investment opportunity set

We start by considering the effects of the investment opportunity set and their associated

asset pricing parameters on the two forms of delegation.

Corollary 6.1 (Different mean returns). If the mean return difference between asset classes

15 large, there does not exist an optimal contract in centralized delegation.

An illustration of Corollary 611 could be equity hedge funds and treasuries. Historically,
the mean returns of equity hedge funds have been higher than that of treasuries. ™ In
particular, this illustration implies that the Principal might prefer decentralized delegation,
where he delegates the equity portion of his portfolio to an equity-only manager, and likewise
for the treasuries portion. It should be noted this argument is completely independent
of a “specialization” or “segmentation” (see He and Xiong (2013)) reasoning, where one
might argue that an equity manager becomes an equity manager because he has specialized
knowledge in equities. Corollary Bl suggests that a Principal might not prefer to delegate
equities and treasuries to a single manager because of moral hazard concerns in centralized
delegation. In this illustration, the moral hazard concern is simply that the single manager

would use high leverage via treasuries to finance excessive positions in equity.

Corollary 6.2 (Similar mean returns). Suppose the mean returns of strategies within each

asset class are similar. Then,
(a) There does not exist an optimal contract in decentralized delegation.

(b) Suppose further the mean returns between the asset classes are similar. Then if the di-
versification benefits for the compliant investment strateqy pair are favorable, an optimal

contract will exist in centralized delegation.

As an illustration, Corollary E2(a) implies if portfolio managers lack skill in their own
asset class (e.g. it is privately costly to generate alpha, but the alpha is close to zero),

decentralized delegation is unfavorable. Corollary B22(H) suggests that when there is no skill

10 Note that the discussion here does not take risk into play. Of course, understanding that hedge funds
are riskier than treasuries, it is not surprising that hedge funds have a higher mean return than that of
treasuries. And more importantly within the context of our model, we have assumed all strategies have
identical volatilities — but it is not difficult to see that a similar statement can be made for risk-adjusted
returns for strategies with different volatilities.
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within each asset class, and even when the mean returns between the asset classes are similar,
centralized delegation could still be favorable as long as there is sufficient diversification

benefits by having one single manager managing multiple asset classes.

Corollary 6.3 (Correlations). (a) The contracting environment in decentralized delegation

s unaffected by correlations of the return strategies.

(b) Suppose the return correlation between asset class tends to be positive and large. Then,

no contract will exist in centralized delegation.

Corollary 63(a) is immediate as each of the decentralized managers is only offered a con-
tract based on their own strategy performance, and hence the correlations of the strategies
do not affect the contracting environment. Corollary GZ3(B) is in contrast with the result of
Corollary B2(H): Corollary 6B2(H) suggests that even in the absent of skills, centralized del-
egation could be favorable due to possible diversification benefits; however, Corollary GZ3(H)
suggests when the diversification benefits are nonexistent, centralized delegation is unfa-
vorable because the single manager has greater incentives to long-short deviant strategy
pairs, which are contrary to what the Principal desires. Please see again the discussions
after Proposition B, especially the discussions on (iii) trading profits and (v) correlation

interaction term.

Corollary 6.4 (Volatility). (a) When the volatilities of the investment strategies within an
asset class are similar, those volatilities do not affect the contracting environment in

decentralized delegation.
(b) Investment strategies with extremely low wvolatilities are unfavorable for centralization.

(c) Suppose the return correlation between the compliant strategies is higher than all of
the deviant strategies; that is, suppose poyry = po~ for all (0',7") € S_py,m). Then

investment strategies with extremely high volatilities are unfavorable for centralization.

(d) Conversely, suppose the return correlation between the compliant strategies is lower than
all of the deviant strategies; that is, suppose poy ry < por for all (0',7") € S_(gy,m). Then
investment strategies with extremely high volatilities are favorable for centralization, and

indeed the first best result can be reached.
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As foreshadowed in the first best discussions of Section B, it is not surprising to see again
that risk (namely volatility and correlations) plays a significant role in delineating whether
centralization or decentralization is better in second best. By linear contract assumption and
Assumption B2 that all strategies have identical volatilities, Corollary B4(a) is immediate.
im

In Corollary B4(H), we see that asset classes whose investment strategies have low volatil-
ities are unfavorable for centralization. For investment strategies that have low volatilities,
the centralized Manager C' would prefer engaging into a “long-short” position, whereby he
takes an extreme long position into an asset class whose strategies have high mean returns,
and takes an extreme short position into an asset class whose strategies have low mean
returns. These extreme long-short positions generate far riskier portfolios than what the
Principal would prefer. See also again the discussions of (iii) trading profits after Proposi-
tion Bl

In Corollary 64(o), if the compliant strategy pair (6y, ) as desired by the Principal
has a strictly higher correlation than all of the other deviant pairs, and if the investment
strategies have high volatilities, centralization is unfavorable. This is precisely the case
when the diversification benefits of centralization are severely mitigated. Observe again
the discussions after Proposition b, If Manager C' had been compliant and chosen the
strategy pair (0, T ), for any performance fees yo € [0, 1], it would result in an trading profit
}“M(ﬁg'(l_—%, and a net contract volatility of 1n202(pe,m — por )y In

the case where pg, ~, > por.-/, We see that the contract volatility for taking on the compliant

opportunity cost of

strategy pair for Manager C'is higher than deviating to other deviant strategy pairs (¢, 7’). If
the volatility o2 of the investment strategies increases, then on the one hand, this magnifies
the contract volatility for taking on the compliant pair. On the other hand, the trading
profit opportunity costs are minimized because the deviant strategy pairs have inherently
higher risk. All together, this implies in a high volatility environment for all asset classes,

the excessive contract volatility for being compliant would certainly lead to Manager C' to

1 Even if we were to assume the volatilities of investment strategies are different, it is straightforward
to see that the right-hand side of (58) would simply have additional terms +%% (1 — 7)%y% (05— op ) and
+ B2y (02, — 02, ) for Manager A and Manager B, respectively. Depending on the sign of o — o7 and
0'72,H — JEL, the Principal either pays additional fees for increased volatility risk imposed on the Managers,
or get savings in fees for decreased volatility risk. Regardless, the key point is that the volatility terms
enter linearly into the incentive compatibility conditions for decentralization; this will not be the case for
centralization where volatility enters non-linearly into its incentive compatibility condition.
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deviate to other deviant strategy pairs.

Corollary B4(d) is the converse to (o): when the compliant strategy pair have lower
correlations than all of the other deviant strategy pairs, so pg, -y < pe’ -, then even in a high
volatility environment, diversification benefits for centralized delegation are still present.
Indeed, in this situation with high volatility, we see that the trading profit opportunity costs
become close to nil. Moreover, the deviant strategy pair would always generate a higher
contract volatility for Manager C' than that of the compliant strategy pair. Within two
scenarios, Manager C does not deviate and subsequently, the Principal will reach the first

best result.

6.2 Managerial risk aversions

Corollary 6.5 (Risk aversions). (a) For asset classes whose investment strategies have sim-
ilar volatilities, managerial risk aversion does not affect the contracting environment in

decentralized delegation.

(b) When managers have sufficiently low risk aversion, a contract may fail to exist in cen-

tralized delegation.

Corollary GH(B) is completely the opposite of standard principal-agent theories.™ Those
theories suggest that it should be cheaper for a principal to compensate a less risk averse
agent, because the principal pays the agent a lower risk premium for bearing risk. Corol-
lary B33 suggests it is the reverse in this economy — the less risk averse Manager C' becomes,
the more expensive it is to compensate him. For any given contract, Manager C' can simply
use the financial markets to modify the intended incentives of the contract.™

In centralization, suppose Manager C' becomes less risk averse, so ny | 0. Firstly,
Manager C' becomes less concerned with the volatility difference of the contract, that is
13002 (por . — Pou,m)Ye — 0, for all deviant strategy pairs (¢/,7') € S_(gy,m)- Secondly,
when Manager C' considers a deviation, Manager C cares less about the volatilities of the
deviant strategy pairs (€', 7') and less of the correlation of their returns py .. Indeed, as

Manager C' becomes less risk averse, he only cares about the absolute difference |y — /|

12 Say Caffont and Martimorf (2001) and Bolton and Dewatripont (2004).
13 [Kdmafi and Pfeideren (1997, Section V) makes a related point that benchmarked compensations are
not relevant to soliciting effort.
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between the deviant strategies. In the limit when Manager C' becomes risk neutral, he takes
an infinitely large long position into strategy with highest mean, and takes an infinitely large
short position into the strategy with the lowest mean. Thus, as ny | 0, the long-short trading
profit would become infinitely large, %&LQEI—% 1T +00. When this happens, the cost for
the Principal to compensate Manager C' to ensure his compliance will be excessively high,
and thus a contract to implement the Principal’s desired investment strategy pair (0, Th)
will fail to exist. ™

However, in Corollary B3(H) for decentralization, because Manager A and Manager B
cannot form portfolios across each others’ asset classes, they cannot use the financial markets
to unwind the effects of a contract as Manager C' in centralization. Thus, their risk aversion

nu play the standard role as in the usual principal-agent literature.

6.3 Managers’ private costs

Managers’ private costs play a different effect on centralization and decentralization.

In decentralized delegation, private costs ¢ play a critical role to the existence of a con-
tract. Both Manager A and Manager B have completely dedicated themselves to one par-
ticular strategy from their respective asset classes, and cannot further form portfolios to
maximize risk-return trade-offs. Thus, although Manager A and Manager B are truly risk
averse, from the perspective of incentive compatibility, they behave like risk neutral individ-
uals. That is to say, both Manager A and Manager B care only about the private costs ¢ and
the mean return differences Apy and Ap, between the compliant strategy and the deviant
strategy in their own asset class, and not care about second moment effects of volatility
or correlation and even their own risk aversions.™ Due to this “risk neutrality” in deter-
mining incentive compatibility, contracting with decentralized individuals with high private
costs could become prohibitively costly, and so much so that a contract to implement the
Principal’s desired strategy pair (6y, ) could fail to exist.

In contrast, centralized delegation can tolerate a higher level of private costs ¢ before no

contract can exist. Given any contract, since Manager C'is risk averse, he will pick portfolios

14 Even if we allow for different volatilities for the different investment strategies (see again Footnote I),
as v 4 0, we collapse back to our current case of (B8).

15 As discussed earlier, we had assumed all strategies have equivalent volatilities. But it is not difficult to
see that even if strategies in each of the asset classes have different volatilities, the fact that private costs ¢
will still play a first order effect in Manager’s consideration for deviation in decentralization.
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that generate a high portfolio mean return and a low portfolio volatility. Indeed, save for the
differences in risk aversion levels between the Principal and Manager C', the portfolio choice
behavior of Manager C' is analogous to that of the Principal, were the Principal to have
direct access to the financial markets. Thus, Manager C' behaves like a “quasi-Principal”
and private costs ¢ only play a second order effect. This is why for moderately high levels
of private costs ¢, the compliant Manager C' must pay 2c¢ and yet a centralized contract will
still exist for Principal to implement his desired strategy pair (fy, 7). In sharp contrast,
for these same moderately high levels of private costs ¢, decentralized contracts may fail for

Manager A and Manager B.

7 Numerical illustrations

To gain a fuller understanding of the differences and similarities between second best cen-
tralized delegation and second best decentralized delegation, we turn to some numerical
illustrations of our results. As one can surmise from Proposition bl and Proposition b2, it
is easiest to display these results in a numerical and graphical fashion. Despite the optimal
portfolios and optimal contract are nonlinear in the economic parameters of interest, the re-
sults are nonetheless rather straightforward to compute numerically; especially since we do
have closed form analytical answers for all of the results. A more explicit analytical solution
to the difference in value functions between centralization and decentralization is available
under the extreme case when there is only moral hazard over mean returns; see Section Bl

The base parameters that we use in the numerical illustrations are given in Table B,
unless plotted otherwise. In the figures below, we need to distinguish between two different
types of “better”. The first type is when contracts for implementing (fy, 74) exist for both
centralization and decentralization; the darker colors indicate which form of delegation is
better under this circumstance. The second type is when contracts for implementing (g, 731)
do not exist under one form of delegation, but exist for another form of delegation. In the
second type, the form of delegation under which contracts exist is better, by default; the
lighter colors indicate which form of delegation is better under this circumstance.

In Figure B, we see that high correlation pg,, -, for the compliant strategy pair (6u, )
favors decentralization, while low correlation favors centralization. This is inherited from

the optimal risk sharing result of first best in Proposition E=3. However, in the presence of
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Principal’s risk aversion parameter np 5)

Managers’ risk aversion parameter M 3

Compliant investment strategies’ mean returns, p = g, = firy 14 0.25
Mean return on deviant strategy 6y, to, | 0.10
Mean return on deviant strategy i, tr | 0.08
Volatility of all strategies o 0.40
Correlation coefficient of compliant pair (0, ) Pog. | 0.20
Correlation coefficient of deviant pair (fy, 71,) Pog.r | 0.30
Correlation coefficient of deviant pair (y,, 7y1) Po.. | 0.30
Correlation coefficient of deviant pair (6, 1,) po.. | 0.30
Managers’ private costs c 0.06

Table 2: The base parameter assumptions used in Section [.

moral hazard, when pg, -, is sufficiently high, a centralized contract to implement (6, )
for the Principal does not exist. Recalling the discussion on the investment opportunity set
in Section B, for any performance fee y¢ € [0,1], the term —3n¥02(por~ — Poy,my ) Ve 18 the
difference between the contract volatility for Manager C' implementing a deviant strategy
pair (6',7") € S_(g,,y) versus that of the compliant strategy pair (6, 71). As the correlation
Poy.my Of the compliant strategy pair increases, Manager C' incurs a high contract volatility
for being compliant, whereas a low contract volatility for being deviant. Thus, when the
correlation pg, -, is sufficiently high, Manager C' will surely deviate for any performance
fee yo to lower the contract volatility for himself, which then leads to nonexistence of a
contract in centralization to implement the Principal’s desired strategy pair (fy, ). For
decentralization, high private costs ¢ will lead to contract nonexistence for implementing the
Principal’s desired strategy pair (6, 7h); this effect was discussed in Section B23.

In Figure B, we see the effects of the relaxed investment opportunity set of Section G
under centralization. In this example, consider the deviant strategy 7y, of the asset class 7 (the
case for the strategy 6y, of the asset class € is similar). Recall the long-short opportunity cost
1 (o)  for the deviant strategy pairs (6',7') € S_(g,ryy)- When

4102 (1=pgr 1)
the deviant strategy is 7/ = 7y, if its mean return ., is low, Manager C' can take small long

under centralization is

or even short positions in 71, to finance large positions in strategies in the asset class 6. As
-, decreases, the long-short opportunity cost for Manager C' increases, making centralized
delegation unfavorable. In contrast, this opportunity cost does not exist in decentralization.

Recall that Manager B is responsible for managing asset class 7. As pu, decreases, the

33



Correlation of compliant pairs pg,, -,

0.01 0.065 0.12
Private costs ¢

Principal's value function comparison
[ 'Cen' better [[] 'Cen' better, as no 'Dec' contract exists

[l 'Dec' better [[] 'Dec' better, as no 'Cen’' contract exists

[ No contract for both 'Cen’ and 'Dec'

Figure 3: Comparing the Principal’s value function under centralization versus decentral-
ization: compliant strategy pair correlation pgy -, versus private costs c.

expected performance fee payoff ypi,, for Manager B when he deviates from the compliant
strategy Ty to the deviant strategy 71, also decreases, and thereby making deviation less
profitable for him. Thus, when this happens, the performance fees for Manager B could
reach that of the first best result, and thereby making decentralization favorable. However,
we note that as p,, increases and approaches the mean return p,, = p of the compliant
strategy 7y, the payoff in performance fees for Manager B to be compliant and deviant
become similar. However, Manager B still needs to incur a private cost ¢ to implement the
Principal’s desired strategy. In such a case when the net benefit for being compliant rather
than deviant is small, while Manager B still needs to incur private costs ¢, Manager B will for
sure deviate. As a result, a decentralized contract for implementing the Principal’s desired

strategy pair (fu, ) could fail to exist, as Manager B will for sure deviate.
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0.24

0.125

Deviant strategy mean py,

0.01

0.01 0.05 0.09
Private costs ¢

Principal's value function comparison
[l 'Cen' better [[] 'Cen’ better, as no 'Dec' contract exists

[l 'Dec' better [[] 'Dec' better, as no 'Cen' contract exists

[ No contract for both 'Cen' and 'Dec'

Figure 4: Comparing the Principal’s value function under centralization versus decentral-
ization: deviant strategy mean return s, versus private costs c.

In Figure B, we see the effects of strategy volatility o and the correlation pg, -, of the
compliant pair on the contracting environment. For low correlations, as volatility o increases,
it will favor centralization because of the optimal risk sharing effect as discussed even in the
first best setup of Proposition B=3. As already discussed in Figure B, high correlation pg, -,
of the compliant strategy pair will increase the contract volatility for Manager C'. Here,
volatility brings about another perspective on this long-short opportunity cost. As volatility
o decreases across all strategies, Manager C' will care even more about the mean difference
between the deviant strategy pairs, and thus place more extreme long and short positions.
This increases the opportunity cost for Manager C' to be compliant, and thereby making

centralization unfavorable.
In Figure B, we study the effects of the Principal risk aversion np and the Managers’ risk
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Correlation of compliant pair pg,, -,

0.1 0.35 0.6

Strategy volatility o

Principal's value function comparison
[ 'Cen' better [[] 'Cen' better, as no 'Dec' contract exists

[l 'Dec' better [[] 'Dec' better, as no 'Cen’' contract exists

[ No contract for both 'Cen’ and 'Dec'

Figure 5: Comparing the Principal’s value function under centralization versus decentral-
ization: compliant strategy pair correlation pgy -, versus strategy volatility o.

aversion 7y on the contracting environment. As discussed in Section B3, in centralization
when Manager C' becomes less risk averse, he will take even more extreme long-short positions
in the deviant strategy pairs, and it will become ever more costly for Principal to induce
Manager C' to be compliant. In decentralization, by Assumption B2 that volatilities are
identical across all strategies, Manager A and Manager B will not factor in their risk aversion
in a deviation. Note that in one extreme when Manager C' is highly risk averse while the

Principal is relatively less risk averse, centralization will be favored.
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Manager risk aversion

1 5 10

Principal risk aversion np

Principal's value function comparison
[l 'Cen' better [[] 'Cen’ better, as no 'Dec' contract exists

[ 'Dec' better [[] 'Dec' better, as no 'Cen' contract exists

[ No contract for both 'Cen’ and 'Dec'

Figure 6: Comparing the Principal’s value function under centralization versus decentral-
ization: Principal’s risk aversion np versus Managers’ risk aversion 7.

8 Conclusion

From standard portfolio theories, it is potentially difficult to justify why both “generalist”
and “specialist” funds can simultaneously exist in the financial markets. On the one hand,
standard theories suggest investors should prefer delegating all wealth to one single “gener-
alist” manager because of the diversification benefits realized by having all portfolio choices
made under one roof. But empirically, we hardly observe any pension fund or endowment
give all their wealth to one single manager. On the other hand, a potential supply-side
explanation for why “specialist” funds can exist is that if managers actually have superior

skills in their specialized asset classes. But numerous empirical studies have shown that even
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if skills are indeed present, these managers are hard to identify, or perhaps there are no skills
at all. The question is then why do investors demand services of “generalist” managers?

Our contribution is to offer moral hazard in the form of investment strategy deviations as
a potential demand-side, and empirically testable, explanation for when an investor would
prefer delegating to a “generalist” manager (centralized delegation) and when he would
prefer multiple “specialist” managers (decentralized delegation). Using an optimal linear
contract, we provide conditions on asset classes’ mean returns, volatility and correlations
for which delegation form is better for the investor. The key consideration for the investor
is the inability to contract on risk management. While centralization allows the single
manager to internalize all the risks between asset classes, it also gives the single manager
more leeway to deviate. The manager can use his wide access to the financial markets
to unwind the effects of any incentive contract, and thereby delivering a portfolio with
undesirable risk-return characteristics to the investor. In contrast, in decentralization, the
investor is responsible for allocating wealth into different managers, and hence must take into
account risk management himself. But since the managers’ compensations are not dependent
on each others’ performance, any incentive compatible contract in decentralization fails to
fully account for the investor’s risk preferences.

In this paper we have only considered a partial equilibrium model of centralization versus
decentralization, and in particular the demand-side effects of a principal investor. It would
be fruitful for future research to consider a general equilibrium model of an optimal fund
industry organization structure. In particular, if a manager can privately choose investment
strategies within each asset class, under what conditions would this manager choose to enter
the supply-side of the delegation market? And in equilibrium, what are the optimal contracts
and equilibrium delegation market structure? Our demand-side paper is a necessary first

step in this research agenda.
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Appendix

A Proofs for Section 4

Proof of Proposition 1. (a) Using first order sufficient and necessary conditions, we can
see that the value to (B22d) will be given by (EI).

(b) Substitute in the optimal portfolio found above into the mean and variance expressions.

(c) Since the fixed fee z¢ € R is linear respect to the Principal’s objective function, it implies
that in equilibrium, the individual rationality constraint (B2d) constraint binds. This

implies the Principal’s objective function can be rewritten as,

A

E(WE"] - JVar(W5™) = 1+ ElRn)] — (c(6) + (7))

n - n -
— Epyévar(R(e,r)) - EM(l —yco)*Var(R,r))-

Now, by first order conditions on yc, we see that the above becomes a fourth order

polynomial (i.e. quartic) equation, and has the following roots,

yo € { e (e — ) (1) (po — MT)Q/g}
) 1/3 1/3
mitne (pod(l— p2 )Y (o2(1— p2,))"

The first root is clearly in (0,1); the second root is negative and hence not in (0, 1);
the third and fourth roots (with #) are not in R since (—1)*?® € C. Thus, an interior

solution exists and is uniquely given by the first root. ™
(d) Simply substitute in the optimal fixed and optimal fees found earlier.

(e) Analogous to the above.

16 Tt should be noted that in general, quartic equations (and naturally arising here because of first order
conditions) are notoriously difficult to obtain simple and explicit solutions for. It is conjectured that if
one extends to consider more than two risky investment strategies, or that we extend to more general
non-linear contracts, it would be difficult to obtain a closed form contract for even first best centralized
delegation. Indeed, the most difficult step in the proof of this Proposition B is this step, as everything else
is straightforward. It was actually somewhat surprising to this author that despite a rather complicated first
order condition, an economically sensible and intuitive solution for the performance fee arises.
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Proof of Proposition [[-3. (a) By binding the (IR) constraints (B23d), we obtain the optimal

fixed fee form, and we can rewrite the Principal’s objective function as,

0,7 n 6,7
W) — 5 Var(W'")

= —(e(6) + e(r)) + L+ {11z — po) + po — Brypn’o” — Thyi (1 — m)%”

2
= T = )0 (1= 9a)0” = 21— ) (1~ ) poro?)
+27(1 = ya) (L = yp)poro® — (1 = ya)o?) + (1 - yA)ZUQ]- (A1)

(b) By first order conditions applied to (AT), we arrive at three different stationary points
of (m,b,q),

(7, Y, ) € (o e 1+<np+nM><ue—uT>—npnM02)
’ 7 ’ TIM"‘T’P 7 ’)”Pq’]MpeTo-Q ’

(1 L (e te) (e = o) — N e P )
’ NP1NMPor 0> "M+ e

(7?1?;%3/%)}
The first and second stationary points, which would imply zero wealth invested into

either of the agents, will violate the individual rationality constraint (B33d). Thus, only

the third stationary point is a candidate for an interior solution.

(c) This is simply applying Assumption B2. The value function computation is straightfor-

ward.
[ |

Proof of Proposition 3. Use Proposition B0 and Proposition B=2. [ |

B Proofs for Section B and Additional Results

Proof of Proposition b. (a) This is the same proof as that of Proposition B
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(b)

(c)

This is evident since the arguments in Proposition 21 for deriving Manager C’s optimal

portfolio choice holds true for any arbitrary contract.

By Assumption B2 and Proposition B, if the Principal wants to implement and induce
the investment strategy pair (0y, 7n), then the Principal needs to write a contract that
prevents Manager C' from taking on the deviant strategies (¢/,7") € S_(gy,~,)- These are
captured by the incentive compatibility constraints in (B0). One should note that these

three constraints can be collapsed to a single one by equivalently writing,
1 1 9 9
= 2c+ 5oy + )y = 310 (1 Poyr )y

1 (po = pirr)?
> max { —(c(0) + (7)) + = +
) { (el8) + 7)) Ao (1 — py )

1 1
5 (ko + pzr)y = ~nmuo”(1+ pew)?f} ,

4
(B.1)

/

where we take the maximum on the right hand side over (¢/,7") € S_(g,,,), Which is

clearly then equivalent to (52).

Note that by Assumption B2, we have that py < pg, and pr < i, and where at least
one of these two inequalities are strict, and hence pgr — po, + ptrr — iy, < 0. Likewise,
c(0') + c(1") — 2¢ < 0. However, since we only assume that the correlations py, for all
investment strategy pairs (0, 7) are different, and in particular no special sign and order
restrictions, so we have that if pg - — ppy.~, > 0, then the component is concave in y,
and if pg - — poy.~ < 0, it is convex in y. Thus, we have a pointwise maximum of convex

and/or concave functions, and in general, one has no particular geometric form of this.

From the condition (B2), we substitute in the first best solution to check the condition

under which none of the incentive compatibility constraints will bind. This is condition

Suppose the conditions on the private costs (B23) are such that a first best solution will
not be attained in second best. While we could indeed proceed to use Kuhn-Tucker
conditions (with say three Kuhn-Tucker multipliers) to solve for the optimal solution,
we can proceed with a much more geometric proof here. Firstly, by (B) or equivalently

(B2), it is clear that when a binding solution (that is in [0, 1]) exists, only one of the
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constraints will bind. Suppose that (°, 7°) € S_(6y,7y) 1s the pair of deviant investment

strategies for which its associated incentive compatibility constraint binds.

Given the quadratic form of constraints, we are motivated to define the discriminant for
the binding deviant pairs (¢, 7") (54). Notice that the sign of the discriminant is heavily
dependent on the sign of pg o — pgy. ;- Provided that Dgs vy > 0, so that roots will
exist for the quadratic associated with the binding incentive compatibility constraint

(6®,7P), we compute the roots as,

. L[ pgv — Moy + fir> — fin a——
yi’(gbﬂ_b) = 5 (— 0 1 9 H + D(gbﬂ_b)

o {—(C(Qb) + c(rb) —2¢) + ;LnM(:zel(“l__“pT;)T )] 7 .

With our current assumptions, it is not difficult to show that the negative root g_ v vy <
0. Thus, let’s focus on the positive root g, (v ) of (BF). We must now recall that our
solution must be confined in [0,1]. Hence, a second best solution will exist only if
Ut o0 vy € [0,1], and likewise, if 37, gv -1y & [0, 1], then no second best solution will exist.

[ |

Corollary B.1. Consider the second best centralized delegation setup in Proposition B, and

suppose the conditions (i.e. conditions (i) and (ii) of part (d)) for the existence of a second

best contract holds. In particular, recall (B33). Then the most profitable deviant investment

strategy (0°,7°) for Manager C is the following and given under the following conditions,

which then leads to the optimal performance fee jc = y4 (o ).

(a) The optimal performance fee is G4 (p,,) when,
1 (g, — 1) 1 ~ Ly o ~2
0 > { n L - _A T ) =~ 4 TH T )
= maxq et dnmo?(1 — po,ry) 2 For Y, (0m,7v.) 4nMU (Pov.ra = Pou H)y+’(9H:TL)
1 (g, — pir)? 1 . Lo o 2
2+ ZnMo-QEl _ szﬂ'L) o §<A/vb9 + A/"LT)y-f—,(@H,TL) - ZnMU (pOL,TL - peHyTH)y+,(9H,TL)}'
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(b) The optimal performance fee is § (g ,y) When,

1 (b= pn)? Lo 1 .
poma{er L e~ P
= maxq et 477M02(1 — ngﬂ.L) 2 KoY+ .(0L,mm) 477MU (peH, L Poy, H)y+7(9L7TH)

U (o, —pn)® 1 _ 1 )
2 - L TL — Z(A A . T2 2 - . 2 }
¢ + 4771\/[0-2(1 _ peLﬂ_L) 2( #’9 + ILL )y+7(0L7T}I) 4771\/[0- (pGL, L pQH7 H)y+7(0L7TH)
(c) The optimal performance fee is 4 (o, =) when,
1 (ug, — p)” Lo 1, , s
O > { n L - _A T ™)~ 4 T™H T )
2 mMax | ¢+ 477M0'2(1 — peLﬂ'H) 9 HrY+,(6n,m) 477M0 (pGL, u — Po, H)y+,(9L,TL)
1 (p—pn)? 1 ~ Ly o ~2
n - _A T - L T }
T im0 (L= par)  2°Ho00m) = T (P, = Lo U o)

Proof of Corollary [BA. This is simply rewriting out the condition (A=) more explicitly. W
Proof of Proposition B3. (a) This is simply by binding the (IR) constraints (B=3d).
(b) This is simply rewriting the (IC) constraints (B=3d), (B231).

(c¢) This will be seen as a special case of Proposition B=2(ba1d).

Proposition B.2. Recall the setup of Proposition 2.

(a) Consider the following conditions on the private cost ¢ imply the optimal second best
decentralized delegation optimal portfolio and performance fee policies (7,74, yp) have

the following form:

(i) If ¢ is such that,

0 <c<npAugApr(1l+ poym) ¥

. 1
min
npApo(1 + poyry) + Apir (200 + 10 (1 + poy )

)

1
1P Apir (1 + oy r) + At (2 + 70 (1 + Poyym)) }
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then,

7 #FB 1/2

. Al 1 (1+pogy gy
Ya | = | Ya — | matae(+pey, )
N ~FB np (14+poyy,7yp)
yB) Yp o

m+1e (L+pogg )

(i) If ¢ is such that,

AMOAH'TnP(l + peHyTH)
np Ao (1 + poy,my) + Apir (201 + 10 (1 4 poy,my))

A:UJGA,UT"?P(I + p9H7TH)
Np AL (14 poyre) + Dptg(20m + 10 (14 pogr)) |

<c§min{A,u9,

then,

(AMQ_C) (77M +77P (1+’09H sTH ))

T Apg (2ma+np (1400, )
ga | = c(2ma+np (1+poy, )

nApet+clmi+np (1+poy, )]
B e (14-pog, yy)

"7M+77P(1+p9H7TH)

(#i) If ¢ is such that,
ApgAprne (1 + poyym)
e A ptr (14 poy ) + Dbo(2ma + np (1 + poy,m))

N Ao At (1 + oy .mr)
npA (1 + pPoymg) + Aper(20m 4 10 (1 + Poggm)

<c§min{A,uT,

then,

A pr+cmatne (1+pogy myy)]

T Apur [2ma+1p (14pog )|
ga | = np (1+poy,741)
e (14poy )
gB 0[277M+77P(1+P6H,TH)]

muApr+c[nv+ne (1+pagy g )]
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() If ¢ is such that,

1
UPAW(l + p9H,TH) + A:U’7'<277M + T]P<1 + p9H,TH)>

)

npApeApr(1+ poy,ry) max {

1
T]PAMT(l + peH,TH) + AMQ(QT]M + 771)(1 + ngaTH)) }

JANIZYAYTR
< C < M,
A:u@ + A/'I/T
then,
. 1 Apr—Ap
@ 2 [1 - ANGA,UTQ C]
1 = 2Apsc
Ya c(Apr—Apg)+ApeApir
QB 2Apgc

c(Apg—Apr)+FApgApr

(v) Else if none of the conditions above are satisfied, then there does not exist an

optimal second best decentralized delegation contract.

Proof of Proposition [B2. (a) After binding the (IR) constraints (B23d) into the Principal’s
objective function, it remains that the portfolio and performance fee policy (7, ya, y5)
have to respect the (IC) constraints (58), and the box constraints (7, yg, y4) € Rx|0, 1]%.
However, we observe that (7, y4,y5) being on the boundary of [0, 1]* would immediately
violate either the (IR) constraints, the (IC) constraints, or both. Hence, for a solution
to exist, (7, y4,yp) must be in the interior of [0, 1]3, that being (0,1)3. Hence, given a
feasible solution (m,y4,y5) € (0,1)3, we must then cycle through the 2 x 2 = 4 cases
where either the (IC) constraint (56a) of Manager A bind or not, and whether (IC)
constraint (66H) of Manager B bind or not.

(i) This is the case when we obtain an interior solution and neither (IC) of Man-
ager A nor (IC) of Manager B bind. Substitute in the first best solution from
Proposition B2, under Assumption B2, into (68) and replace > with > to get the
conditions on the private costs c.

(ii) This is the case when only (IC) of Manager A binds and when that of Manager B
does not bind. This happens when, after substituting the first best solution into

45



(6M), and we obtain,

Apgne (1 + oy mg) > 2¢(v +1p (1 + poy.ry)),
AMTUP(l + peHﬂ'H) < ZC(nM + nP<1 + p9H,TH)>'

The binding condition also allows for us to get the portfolio policy 7 as a function
of y4. Via first order conditions on the objective function, substitute back and
then we solve for (m,ya,yp). However, we still need to satisfy the interior box
constraints (7, y4,ys) € (0,1)3. We have y4 € (0,1) holding. Here, yg > 0 and to
have yg < 1, we need,

c < Ap,.

Under such condition, we would also have m € (0,1). Putting those three conditions

on the private cost ¢ together yields the displayed condition.
This is the case when (IC) of Manager A does not bind, but that of Manager B

does bind. The argument is completely analogous to the previous one.

This is the case when both (IC)’s of Manager A and Manager B bind. Here, we need
to differentiate between two sub-cases — when Apg = Ap, and when Apg # Ap,.
If Apg = Apy = Ap, then we immediately have that

(m,ya,y) = (1/2,2¢/Ap, 2¢/Ap) .

So, the condition to ensure that (7,y4,y5) € (0,1)% is clearly when,

Ap
< —.
‘=7
Suppose Apug # Ap-, and without loss of generality, suppose Apg > Ap,. To have

ya > 0, we would need,
AMGA,UT
— T >
AIUG - A/'I/T

and to have y4 < 1, one would need,

A”GAMT
AM@ + A,U'T .
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Finally, to have m > 0, we would need,

A/'LHA,U’T
Apg — Aty

Putting these conditions together implies we need,

77(1 + peH,TH)
2 (mv + (1 + pogm))

N min{ ApgApr  ApgAp, }

Apg — Dpir” Apig + Apir

Simplifying and generalizing to the case when Apy < Ap,, we have the displayed

condition.

Proof of Corollary B2. Let (", 7°) be the argmax of (50). We consider the limit |ugs — fi-0| T
oco. If pgr = p,», the statement is vacuous and uninteresting. Without loss of generality,

assume fig» > [ . We can rewrite (B32) as,

1 (pg» — pipv)”
0> — eb b -9 - T
> —(c(0”) +c(77) C>+47}M(72(1_,00b,-rb>
1

+ ((Neb - :urb) — Moy + 2”7‘3 - :uTH>yC - 1771%/10-2(p9b,7'b - p9H,7’H)yé

N | —

Thus, as (ug» — pb) T 00, we have the statement 0 > oo, and hence, no real root yo can
exist. m

Proof of Corollary 2. Suppose that g, = pe, and g, = pir, -

(a) From (B8), we would have the conditions,
0>c and 0>c,

and clearly, this is impossible. Thus, no optimal contract will exist for Manager A and

Manager B, and hence no contract can exist in decentralized delegation.

(b) Suppose further that g = pg = p, for all (0, 7). Then (B) simplifies to,

1
0 > max {—(c(@') +c(7') — 2¢) — 1771%402(/)0',T' - Pé)H,TH)?Jé} :

0/’,7—/
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If there exists a pair of investment strategies (0", 7°) that satisfy this condition, then the
optimal performance fee would follow form (53). Note that this condition is satisfied
when the private costs are not too high, and that py ,/ is sufficiently larger than pg, r,;
that is, the complaint strategy pair (g, 7y) has sufficiently low correlations relative to

the possible deviant strategy pairs.

Proof of Corollary G23. (a) The incentive compatibility conditions (B8) clearly do not de-

pend on the return correlations pg , for any (0,7) € S.

(b) Let’s consider the triple limit pp - 1 +1 for each (¢',7") € S_(g,,;) Oon the incentive
compatibility condition () for centralized delegation. Observing that,

I L (pg — prr)?
1m —

por 141, Amno?(1 — pgr 1)
(0’7T/)€S—(6H,TH)

T 400,

. 1
lim — —nf/loz(pgfﬁ/ — ngJH)y% < 00, forany yc € [0, 1],
por 71 T+1, 4

(9/’7/)68—(9H’TH)
which leads to the incentive compatibility condition 0 > oo. Thus, no centralized dele-

gation contract can exist.

[ |
Proof of Corollary [64. (a) This statement is immediate by Assumption B2.

(b) From the incentive compatibility condition (52), as ¢? | 0, we have the statement
(ignoring the terms independent of o) that 0 > 400 + 0 = +00, and thus no real root

for yo can exist.

(c) From the incentive compatibility condition (B3), when p(oy,ny)>p,, ., for all (¢,7) €
S_(0u,m)> 8 02 T 400, we have the statement (ignoring the terms independent of ¢?)

that 0 > 0 + oo = 400, and thus no real root for yo can exist.

(d) The proof is symmetric to that of (c), but we lead to the statement that 0 > 0—oo = —o0,

which is always true.
[ |
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Proof of Corollary B3. (a) This is immediate from Assumption B=2.

(b) From the incentive compatibility condition (62), as 1y | 0, we obtain the statement
(ignoring the terms that are independent of 7,,) that 0 > 400 + 0 = 400. This implies
no real root for yo can exist.

[

B.1 When there is only moral hazard over mean returns

An interesting special case that neither neither potentially favors nor biases centralized
delegation is when there is no moral hazard over correlations, p = py, for all (0, 7), and
the potential mean return losses between the two investment strategies are identical, Ay =
Apg = Ap,. In this case, the incentive compatibility constraints (58) of decentralized

delegation have the form,

0>c—(1—myalp, (B.2a)
0>c—mygApu, (B.2b)

which is effectively the same form as before, but the incentive compatibility constraint (5)

for centralized delegation reduces to,

0 max {20 = () + (') + Ayc} = 2+ Apye (B.3)
Thus, in this special case for centralized delegation, the centralized Manager C' has incentives
that are very much aligned with the Principal, as the alternative investment strategies (6, 71,)
have the same mean pg, = 11, = pt — Ap, same volatility and same correlations, this implies

that a long-short strategy is not profitable.

Corollary B.3. Assume that there is no moral hazard over correlations p = pgr for all
strategy pairs (0,7) € S, and the mean return differences between the two strategies are

wdentical, Ap = Apg = Apy > 0.

(a) Consider the second best centralized delegation problem.
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(i) The optimal performance fee is,

gEB, 0<e< i _Ay

2 np+nm
= { 2¢ 1_np < Ap
yo Ap? 2 np+nMm p=c<5

a, otherwise.

(i) The associated Principal’s value function in second best centralized delegation is,

E[W,p] — %Pvar(wcp)

SB,(0u,7ma)
Sl po B4 p),  0<e< bAoA
_ [4T]MC2+77P(A;1720)2](1+p)o‘2 1 A
B T 4(Ap)? ! EﬁPTnM Ap<e< Tﬂ’

otherwise.

(b) Consider the second best decentralized delegation problem.

(i) The optimal portfolio and performance fee policies are,

1 _ne(l+p) ne(14+p) 1_ n(+p)
<2’ nv+np (1+p)’ 77M+77P(1+P)> , 0<e< 277M+77P(1+,0)Au’

T . Un) = 1 2 2 1_np(l+p) Ap
(71-7 yA7yB) <2; AM; AN) 9 277M+77P(1+p) S C < 2

a, otherwise.

(ii) The associated Principal’s value function in second best decentralized delegation is,

E[Wp] — %PVar(Wp)

SB7(9H)TH)
. __npnm(l+p)o? 1__np(l+p)
2c+p 4(nm+ne (1+p))° 0<e< 2 mu+np (1+p) A,
—{ - o2 [4(matne (140)—np (14p) Ap(Au—40)] | yp(14p)

Ap
1wy : ySe<

2 nv+np (1+p

—00, otherwise.

(c) Let’s compute the difference between the Principal’s value function under second best

decentralized delegation and that of second best decentralized delegation.
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. 1
(i) Suppose p € (—1,0). Then I— > nM"fé;(rfJ)rp), and,

e _ ——
(E[WP] 2 Var(WP)‘SR(@ﬂ,TH)) (E[WCP] 2 Var(WCP)‘SB:(QHvTH)>

munpp(l+p)o?

ne(1+p)
4(ma+np) (ma+np (1+p)) O<e< ma+ne (1+p)
o2[4cApmp (ma+np)—4¢ (ma+ne) (ma+re (1+0)) — (Ap)*nd (1+4p)] e(tp) o e
— 4(np+m) (Ap)? » oamtne (I4p) — N+’
nuc’o? np Ap
a7 P e = €<
undefined, otherwise.
\

In particular, for all ¢ € (0, Au/2),

E[Wp] — n—PVar(Wp)’ — | E[W,p] — 77—P\/'ar(T/ch)‘ < 0.
2 SB,(0u,mH) 2 SB,(0u,mH)
(i1) Suppose p € (0,1). Then W"ff]f(rﬂp) > A, and,
np np
E[Wp] — L Var(W. ‘ — (EW.p] — Var(w, ‘
( (W] 2 (W) SB,(@H,TH)) < [Wer] 2 (Wer) SB,(@H,TH))
mun’p(l4p)o? 1_1
4(nmv+np) (v +ne (14-p)) ? 0<e< 2 npan’
a?(1+p) dcfe(mmtnp)—npAp] np7 1_1 1_np(1+p)
_ 4 (np + (Ap)? 77M+TIPP(I\1/I+P))> ’ 277MJ1:77P se< 277M4Pr)np(l+p)’
202 1 np(14+p) A
77(MA;L)2 P 5—77M—inp(1+p) <c< T“,
| —00, otherwise.
In particular, for all ¢ € (0, Aup/2),
np Uis
EWp] — P Var(w, ] — (EW.p] — Var(w, ‘ > 0.
< (W] 2 (We) SB,(BH,TH)) ( [Wer] 2 (Wer) SB,(GH,TH))

(ii) If p =0, then for all c € (0, Ap/2),

P s
E[Wp] — 5 Var(W. ’ — (BElWer] =5 Var(ie ‘ o
( W] =5 Var(Wr) SB,(oH,m)) ( Wer] =5 Var(Wer) SB,(eH,m)) ’

Proof of Corollary [BZ3. This is a special case of Proposition bl and Proposition b2. |
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Corollary B3 illustrates that when there is no moral hazard over correlations, p =
Powry = Po.m, and that the mean return losses due to moral hazard are equal, Ay =
Apg = Ap,, then this substantially aligns the interests of the centrally delegated single
Manager C. And as a result, in this special case, our results are essentially identical to
the first best case of Proposition B3 that we had studied earlier. In particular, centralized
delegation is favored when the correlations are negative p < 0, decentralized delegation is
favored when the correlations are positive p > 0, and both forms of delegation are equal

when the investment strategies are uncorrelated p = 0.
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