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Private Equity Fund Returns: Do Managers Actually
Leave Money on the Table?

Abstract

Evidence indicates that private equity funds, unlike mutual funds, deliver persistent abnormal
returns and that the top performing funds are often oversubscribed. Why do private equity funds
appear to leave money on the table, rather than increasing fund size? We argue that private equity
funds are fundamentally different from mutual funds because their success is contingent on their
matching with high quality firms (entrepreneurs). Firms also want to match with managers that
have higher estimated value adding ability. This gives managers an incentive to manipulate firms’
beliefs about their ability by providing higher returns. Managers limit fund size, fees or both even
if firms are not fooled in equilibrium. The model explains the puzzle and provides several new time
series and cross sectional predictions about fund performance, fees and size. For example, venture
capital funds should have stronger performance persistence and lower sensitivity of size to past
returns compared to that of buyout funds.

Keywords: venture capital, private equity, performance persistence, signal jamming,
leveraged buyout, fund size and fees.



1 Introduction

Anecdotal evidence abounds that some successful private equity funds do not accept all
the money that investors are willing to invest.! At the same time, these funds appear to
generate persistent abnormal returns for their investors (see, e.g., Kaplan and Schoar, 2005;
Phalippou and Gottschalg, 2008).? Kaplan and Schoar (2005) conjecture that top-performing
funds voluntarily restrict their size and that their performance is in striking contrast to the
performance of successful mutual funds that exhibit no performance persistence (Berk and
Green, 2004 ). This raises an obvious question: Why do successful private equity funds not
capture higher rents by increasing fund size or fees?

To address this puzzle we focus on one of the fundamental differences between private
equity and mutual funds. Unlike mutual funds, many private equity funds, such as venture
capital funds, not only have to identify good investment opportunities but they also need
to persuade entrepreneurs (firms) to accept their offers. On their part, firms also want to
match with private equity funds that are more likely to add value. Private equity funds may
add value through providing strategic advice, helping to professionalize firms’ management,
and attracting better resources, business partners and human capital.* Hsu (2004) provides
evidence that firms are both more likely to accept offers from and sell their shares at a
discount to VCs that are more reputable and have a higher ability to add value. This
positive assortative matching process, where funds with high ability to add value match
with good firms, is likely to be very important for the success of the private equity funds.’?

Indeed, Sorensen (2007) provides evidence that VC fund success can be largely explained by

1Several cases in which VC funds were oversubscribed are noted in the article Quversubscribed, European
Venture Capital Journal, November 2006. Also see Kaplan and Schoar (2005).

2See also Quigley and Woodward (2002), Jones and Rhodes-Kropf (2003), Ljungqvist and Richardson
(2003), Cochrane (2005), and Korteweg and Sorensen (2008), which explore the risk, cash flow and per-
formance of private equity funds. Phalippou (2009) shows that the finding of performance persistence is
stronger when investors are unsophisticated but disappears when they are sophisticated.

3The worst performing mutual funds do exhibit some performance persistence (see Carhart, 1997), pos-
sibly resulting from inattention by investors in these funds.

4See Gorman and Sahlman (1989), Megginson and Weiss (1991), Hellmann and Puri (2000, 2002), Baum
and Silverman (2004).

SMatching is important also in financial intermediation (Chemmanur and Fulghieri, 1994; Fernando,
Gatchev and Spindt, 2005; Bao and Edmans, 2009).



experienced VCs matching with better firms.

Although firms want to match with the best funds, they do not directly observe a fund
manager’s ability to add value and have to infer it from the fund’s past performance. Private
equity funds, unlike mutual funds, are largely exempt from public disclosure requirements
(Kaplan and Schoar, 2005). Information about past returns is available, but is generally
self-reported either by general or limited partners. Even if past return data is available, it
is difficult to estimate a manager’s ability to add value because generally sufficient infor-
mation is not available about the quality of the firms in the manager’s portfolio, the exact
fees charged and the fund’s size, especially if the fund has not fully exited from all of its
investments (Phalippou and Gottschalg, 2008; Cumming and Walz, 2009).

We argue that this matching process together with lack of information to estimate the
ability of managers can explain the difference in return patterns between mutual and private
equity funds. Managers may have an incentive to manipulate firms’ beliefs about their ability
to add value, which has important implications for fund performance, size and fees.

We present a simple model that incorporates these features. As a baseline, we first study
the case where there are no information asymmetries, so that firms observe all factors that
can affect their estimation of the manager’s ability. In this case our model collapses to a
version of the model in Berk and Green (2004). The manager cannot manipulate the beliefs
of firms because they can easily estimate the manager’s ability to add value. Here, we find
that the manager accepts all the money offered by investors and captures all the expected
surplus.

We then analyze the more realistic case where firms are not perfectly informed about
various aspects of the manager’s actions or fund characteristics that can affect fund returns.
We first assume that fees are observed and set at industry benchmarks (we relax this later).
We first introduce unobserved managerial effort and show that the manager exerts higher
effort than when effort is observable. He also limits the size of the fund by accepting a lower
quantity than what investors are willing to offer. Limiting fund size increases the marginal

effect of effort on fund returns. However, firms conjecture the manager’s actions and are



not fooled in equilibrium. Regardless, the manager cannot avoid the attempt to manipulate
firms’ beliefs because firms cannot differentiate between managers that do not exert excess
effort from those who have lower ability to add value.® As a result the fund manager limits
his fund’s size and provides a positive and persistent expected return (alpha) to investors.

Although it is natural to assume that managerial effort is unobservable, our results do
not depend on this assumption. We consider several cases where there is no managerial
effort but where the fund manager can affect returns through fund characteristics that are
not fully observed by firms. We first introduce information asymmetry regarding fund fees
and let the manager select the fees charged by the fund. Most funds use a 1.5-3 percent
management fee and 20-25 percent carry interest (Gompers and Lerner 1999; Phalippou and
Gottschalg 2008; Litvak 2009). However, estimating actual fees charged can be complicated
in practice. For example, distributions may generate an interest-free loan to VCs from limited
partners, which Litvak (2009) argues might be as important as the management fee or carry
interest. In this case, we show that the manager not only charges lower fees compared to the
benchmark case, but also limits the fund size. The fund’s expected alpha is again positive
and persistent.

We next introduce information asymmetry regarding the size of the fund. Total com-
mitted capital is sometimes observable by outsiders. However, it may not be possible to
observe the actual quantity at the time a subsequent fund is established because the man-
ager can give back funds to investors if he cannot find good investment opportunities. In our
model, information asymmetry regarding fund size could also be considered as a proxy for
information asymmetry regarding dis-economies of scale (Lopez-de-Silanes, Phalippou and
Gottschalg, 2009; Cumming and Dai, 2010). We show that the manager limits the fund’s
size, which serves to provide positive and persistent expected alpha to fund investors.

We also consider a number of interesting combinations of these cases. For example, in
the special case when the manager is allowed to select fees and these are fully observable,

unobservability of size or effort still causes the manager to limit the size of the fund. However,

6This is a classical “signal jamming” equilibrium (Holmstrom, 1999; Stein, 1988), in which an agent tries
to affect the principal’s perception of his ability by manipulating the signal.



the manager captures all the surplus from investors because adjusting the fees does not
change firms’ beliefs about his ability. Even in this case it is possible to obtain performance
persistence in a variation of the model in which managers use the fee structure to commit to
keep the fund’s size small. This may occur because entrepreneurs have some outside option
that then only makes it worthwhile to accept a manager’s offer when his fund is relatively
small. Given that fund size is a function of fees, managers may use fees to pre-commit to a
certain size. Again, the manager provides positive alpha to investors only when there is an
incentive to manipulate beliefs of investors, thus reinforcing our previous results.

In all cases the manager voluntarily limits fund size, as conjectured by Kaplan and Schoar
(2005), in order to improve his ability to match with good firms in the future. In addition to
explaining the performance persistence puzzle, we provide several cross sectional and time
series predictions about the performance of private equity funds. Our model explains the
observed differences in performance persistence between venture capital and buyout firms.
Empirically, it is known that buyout firms scale their size much faster in reaction to past
positive returns (Metrick and Yasuda, 2008) and that their performance persistence is lower
(Kaplan and Schoar, 2005) compared to venture capital funds. This is consistent with our
findings, since if target firm managers (entrepreneurs) do not have a continuing interest in the
firm they only care about who offers the best buyout price and have no particular preference
for matching with high ability fund managers. In most buyout deals existing shareholders
sell the entire company, often for cash, which removes their incentive to care about the fund
managers ability to add value. As a result we expect our arguments to be more applicable
to venture capital funds than buyout funds. This distinction between the different kinds of
funds is, to the best of our knowledge, unique to our framework.

There are also cross sectional differences among venture capital funds in terms of their
focus on early versus later investment stage (Gompers and Lerner, 1999). The matching
process should be more important for venture capital funds that invest in early stage compa-
nies given that the VC’s added value is more pronounced in the first two rounds of financing

(Chemmanur, Krishnan and Nandy, 2009). To the best of our knowledge whether perfor-



mance persistence changes with the stage of focus of venture capital funds has not been
tested yet.

Although we do not explicitly model how competition affects matching process, man-
agers’ incentives to manipulate firms’ beliefs should depend on the degree of competition
among venture capital funds to attract good target firms in a nonliner fashion. With no
competition, a manager has no incentive to manipulate beliefs. On the other hand, too
much competition will decrease the marginal impact of manipulation on the matching prob-
ability with good firms. Therefore, we expect most of the effect to be present for intermediate
levels of competition. To the extent that individual markets may exhibit different degrees of
competition - either because of geographic separation (Chen, Gompers, Kovner and Lerner,
2009), specialization (Fulghieri and Sevilir, 2009; Gompers, Kovner, Lerner, Scharfstein,
2008) or over time - this presents an as yet untested prediction concerning how managers’
incentives and performance persistence may vary in the cross-section and time series.

In the time series, as the manager gets more experienced, firms have better information
about the ability of the manager. Therefore, over time a fund manager’s incentive to ma-
nipulate firms’ beliefs should decrease. As a result we expect a positive relationship between
past fund returns and changes in fund size, consistent with the evidence in Kaplan and
Schoar (2005). Our model also predicts that the learning that takes place over time about a
fund manager’s ability implies larger fees by more experienced managers (see, e.g., Gompers
and Lerner, 1999).

Glode and Green (2008) and Hochberg, Ljungqvist and Vissing-Jorgensen (2008) pro-
vide alternative explanations based on the observation that private equity fund investors
are mostly institutions as compared to individuals in mutual funds. In Glode and Green
(2008) investors learn about the fund’s investment strategy and they can potentially share
this information with other non-incumbent managers. In equilibrium, funds limit their size
and deliver excess returns to investors, thereby inducing them to not divulge information
about the fund’s strategy. By contrast, Hochberg, Ljungqvist and Vissing-Jorgensen (2008)

argue that past fund investors have private information concerning the fund manager’s skill.



Investors extract rents by threatening to hold up the fund manager when he next starts a
fund because other potential investors interpret failure to reinvest by incumbent investors
as a negative signal about the manager’s skill. However, Busse, Goyal and Wahal (2009) do
not find performance persistence in mutual funds that cater to institutional investors and
Phalippou (2009) finds that venture capital funds that are expected to be backed by more
skilled investors show no performance persistence. These indicate that other fundamental
differences between private equity and mutual funds could also be at play. Our work com-
plements these papers by providing an asset-side explanation for why private equity and
mutual funds exhibit different performance persistence.

Several recent papers analyze the optimal size of venture capital firms. For example,
Fulghieri and Sevilir (2009) show that a venture capitalist may limit fund size when it is
important to provide entrepreneurial incentives to firms. A small portfolio increases the
value-added to each firm by the VC and encourages entrepreneurs to exert higher effort,
while a large portfolio allows the VC to reallocate resources in the case of startup failure and
to extract higher surplus from entrepreneurs. Inderst, Mueller and Muennich (2007) argue
that limiting the size benefits the venture capitalist by decreasing the bargaining position of
portfolio firms and introducing higher competition for available funds. Our results indicate
that a venture capitalist may also limit size in order to improve the fund’s probability of
matching with good firms in the future when there is information asymmetry regarding

managers’ ability to add value.

2 Model

In any period ¢, there is a continuum of firms, which can either be “good” or “bad.” Good
firms are defined as those for whom a fund manager can add value. Bad firms are those
for which the fund’s investment adds no value. These firms need to raise a fixed amount of
financing, normalized to $1, in return for giving a fraction of the company to the investing

fund. Given that the initial owners of the firms (e.g., entrepreneurs) do not sell all the shares



of the company, both the firms’ owners as well as the investing fund managers benefit from
any future increase in the firms’ value. The quantity of shares and the price at which a firm’s
shares are sold to a fund affects the manner in which any value created is shared between
the fund and the entrepreneur. We assume that both parties receive a strictly positive share
of the value created.”

The return from investing in good firms depends on the manager’s ability to add value.
A fund manager’s innate ability or talent is given by X, which is distributed according to
N(X,0%). The added value delivered by a fund manager to a firm in which the fund invests
in any period is X + ¢; percent, where ¢; is a random shock in that period. The shock ¢,
is 1.i.d. over time, and is distributed as N(0,0?). Neither the manager nor the target (i.e.,
portfolio) firms know the actual realization of X. Each firm would like to match with the
manager who has the highest expected value added E[X] among the offers the firm receives.
Good firms are more likely to get multiple offers, so that a firm’s beliefs about the fund
manager’s ability to add value is critical for the fund to match with good firms. We assume
that the fraction of money in the fund manager’s portfolio that is invested in good firms
at time t, P;, increases with the expected value added of the manager, F;[X]|. Therefore,
matching between firms and managers is positive assortative; that is, managers with higher
perceived ability are more likely to match with good firms. Positive assortative matching
is a common prediction of various models (Titman and Trueman, 1986, Chemmanur and
Fulghieri, 1994, Fernando, Gatchev and Spindt, 2005), and we take it as given here.

Following Berk and Green (2004), we assume that the per unit cost of adding value
to good firms is ¢(@Q;), which is independent of ability and is increasing and convex in
the amount of funds under management at time ¢, ¢);. This assumption therefore implies
decreasing returns to scale in private equity, as documented by Lopez-de-Silanes, Phalippou

and Gottschalg (2009). The gross percentage return of the fund is equal to W, = X + ¢, —

"In the extreme case, the fund manager may be able to capture all the surplus he will generate for the
firm ex-ante by paying a lower price for the shares acquired. However, if both parties are essential for this
transaction, it is reasonable to assume that both parties will share the surplus in some way, such as through
Nash bargaining. If the fund manager captures all the value he generates, the firms will be indifferent to the
manager’s talent.



c(Qy).

The fund manager raises capital from investors and charges a fixed fee f;, which is a
percentage of the committed funds (), as well as a variable fee v, < 1, which is a percentage
of the fund’s return net of the fixed fee There is symmetric information between investors and
the fund manager, i.e., investors observe the manager’s choice of fees and quantity. Investors
are competitive and hence they are willing to provide capital as long as their net return,
oy, is nonnegative. Given the total return P,W; to the fund in period ¢, the net return to
investors can be written as oy = (1 — v)(P,W; — f;). Firms, by contrast, observe only the
fund’s history h;, which includes all realized «; for ¢ < t and includes information about
fund characteristics such as size or fees depending on our assumptions about observability.®
We first incorporate unobservable managerial effort that improves fund returns. Later, we
consider a variety of different cases depending on whether the fees (f;, v;) and/or the fund’s
size (Q);) are observable by the target firms.

The manager maximizes his payoff by choosing a fee structure and quantity to invest
considering the participation constraint of the investors and the impact of his actions on
firms’ beliefs about his ability to add value. We can write the total future payoff for the

fund manager as of time t as
Vi =Y 6 [Qioi(BW; — fi) + Qifil,
i=t

where ¢, is the discount rate, which we ignore in the rest of the paper for brevity.

2.1 The Case of no Information Asymmetry

We begin with a benchmark scenario where there is no information asymmetry between

the fund manager and firms. Specifically, firms perfectly observe the manager’s choice of

8Note that when v, = 1, oy, = 0 and investors cannot calculate the gross return of the fund. This special
case does not affect any of our arguments below because the fund manager can also capture all the surplus
by charging a fixed fee that is equal to the gross returns: f; = P;W,. Therefore, in cases when the manager
captures all the surplus we simply assume that he does so through the fixed fee, which makes the variable
fee redundant.



quantity ); and fees v; and f;. Firms can then use the information in the history of the
fund, which includes fees, fund size, and past returns, to estimate the manager’s ability to
add value, X. Bayesian updating after observing «; gives us the conditional expectation of
X at time t + 1 as:

Qi Tt

Ey1 [ Xy = w B [ X hy 1] 4 (1 — wy) (m + E + C(Qt)) )

since oy = (1 — vy)(PWy — f;) and Wy = X + ¢, — ¢(Qy). This simplifies to
Et+1 [X’ht] = tht[X|h't—l] + (1 — 'U}t) (X + 5t> .

The weight w; depends on the relative precision of new information and previous information
about X. Note that firms’ expectations about the manager’s ability at time ¢t + 1 are not

affected by the manager’s decision variables )y, f; or v;:

0 0 0
a—CBtEt+1 [X‘ht] - O, a—ftEtJrl [X’ht] = 0, 8_'UtEt+1 [X’ht} - 0
Since the manager’s policy decisions today do not affect firms’ expectations, they also do
not affect his payoffs in the future. As a result, the manager chooses the fee structure and

the size of the fund to maximize his payoff subject to the constraint that investors require a

nonnegative return. We can write the Lagrangean of the optimization problem as

[e.9]

mnax > Quui(BW; = fi) + Qifi + M(1 = v)(PW: = fi),
tyJt,Vt i—t

where )\; is the Lagrange multiplier on the investors’ participation constraint. We can now

state the following result, which characterizes the solution to the fund manager’s problem.

Proposition 1 The manager’s profit is mazimized at a Q; such that —Q.c(Qy) + Xy —
c(Q¢) = 0. The equilibrium profit at time t of the fund manager is equal to: TI; = Qu[X; —



c(Qy)]-

Note that the manager’s choice of (); is independent of the fee structure and is chosen
simply to maximize the total value generated. As the next result shows, the manager then

chooses the fees v; and f; to capture all the value created.

Proposition 2 The manager choses v, and f; such that fund investors’ expected excess

return oy 1S zero.

When there is no information asymmetry between the manager and firms in estimating
the manager’s ability, the manager has no way of manipulating the beliefs of firms. As a
result, the manager maximizes his return by extracting all the surplus from investors through
the fee structure.

Next we extend the base model by introducing effort. We introduce costly managerial
effort that improves the fund’s returns by mitigating the cost of allocating funds. In other
words, the manager’s effort affects fund returns but not the value added to firms, which is
still determined purely by the manager’s talent. We assume that the cost of effort, for the
same level of effort, is the same for all managers. We choose this particular structure to
ensure that firms try to infer managers’ talent X, but are indifferent as to the equilibrium
level of effort or cost of effort.

The gross return delivered by a fund manager in any period ¢ is now given by W; =
X + e+ ¢ —c(Qy), where e; denotes the manager’s effort. Effort is privately costly to the
manager. The cost of effort QC/(e;) is increasing and convex in effort, and is increasing with
the size of the fund because the marginal effect of effort on fund returns should be lower for
larger funds.

Again to establish a benchmark, we assume for now that firms observe managerial effort,
which ensures that the manager’s effort choice has no effect on firms’ expectations. The
Lagrangean of the optimization problem is:

o0

max Y Qui(PW: — fi) + Qifi — QiCles) + M(1 — vi) (PW: — f).

Qt, ft,ve,et <
1=t
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When there is no information asymmetry about the effort and other choice variables,
the manager maximizes the surplus he generates for the current period and captures all this

surplus.

Proposition 3 The manager choses e;, Q; , vy and f; such that investors’ expected excess

return 1s zero.

2.2 Asymmetric Information

While in the benchmark cases above we assumed symmetric information between firms and
the fund manager, it is likely that certain characteristics of the fund that directly affect
realized returns to fund investors are not observed by outsiders (see, e.g., Phalippou and
Gottschalg, 2008, or Cumming and Walz, 2009). Information asymmetry about any variable
the manager can control and which affects gross returns can prevent firms from perfectly
deducing the manager’s talent. These may include the quality of the firms in fund’s portfolio,
the risk of the portfolio, the exact fees charged, the fund size, and managerial effort, among
other. The problem of inferring the value-adding ability of the manager is even more severe
for funds that have not fully exited all of their investments. We next analyze the case where
some information necessary to estimate a manager’s ability is not observed by the portfolio

firms.

2.2.1 TUnobserved Effort

One obvious source of information asymmetry between firms and the manager is managerial
effort. To isolate the effect of unobservable effort, here we assume that both the quantity
under investment and all fees are perfectly observed by the firms and that fees are set at
some fixed level v; < 1 and f; < P,W;; later we allow the manager to choose the fees. Define

the conjectured value of effort as e“. Expectations about the manager’s ability depend on

11



the history of realization of net returns for investors, and are given by
Et+1 [X|ht] = tht[X’ht—l] + (1 - U)t)(X + 6 +ep— etc)

The manager’s effort choice clearly affects the perceived talent next period since

0
—FE, [X|h] > 0.
De, [X | A
Given that the manager’s actions affect the expectations of managerial talent in the
future, the maximization problem of the manager now becomes a dynamic problem. In this
dynamic optimization problem the state variable is firms’ beliefs about the ability of the

manager. The choice variables are effort and fund size. We can write the Bellman equation

as follows:
Vi(EBy [X|hi—]) = glagx Quui(PWy — fi) + Qufe + Vi1 (B [ X))

subject to the constraints

(1 —v)(PWe = fi) 20,
Et+1 [X|ht] = tht[X|ht—1] + (1 - wt)(X -+ €t + €t — 60).

The first constraint ensures that investors are willing to participate and the second shows
how the state variable changes over time and provides the link between the value functions
V;. Given that the second constraint is an equality, we can plug in the expected value

Ei11[Xh] in Viyq and write the Kuhn-Tucker conditions as follows:

Wier OB [X]

(BWe = fi) = Qe (@) + fi = MP(Q)(L = v) + Cle) + 5o mg =50

=0 (1)

)\t(l - Ut)(PtWt - ft) =0 (2)
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t

Qi P — @y B De, =0 (3)

The solution to the problem indicates that the fund manager exerts higher effort com-
pared to the case when effort is observable. Firms, in turn, recognize the manager’s incentive
to mislead them and update their conjectures accordingly. In equilibrium, firms’ conjectures
will be correct and the manager will not fool the firms. Nevertheless, the manager will at-
tempt to manipulate firms’ beliefs by increasing his effort because otherwise he would be
perceived as having low ability. In addition, the manager accepts a lower quantity of funds
than what is optimal when effort is observed despite the fact that his choice of quantity is
observed by the firms. This occurs because managing a larger quantity makes it more costly
to provide the same expected return to investors as a way of manipulating the beliefs of
firms. By decreasing quantity, the manager exerts higher effort and hopes to have a higher

impact on his probability of matching with good firms in the future.

Proposition 4 When effort is unobserved, the manager both exerts higher effort and limits
fund size compared to when effort is observed. Fund investors’ excess return, oy, is positive

and persistent.

Although unobservable effort is a reasonable assumption, our main results do not depend
on this assumption. Several choice variables of the manager that affect reported returns but
are not observable by firms provide similar incentives to the manager to manipulate firms’
beliefs. Next we remove effort and consider unobserved fund characteristics, such as fees or

fund size.

2.2.2 Unobserved Fees

In the previous section we assumed that fees are common knowledge and set at some ex-
ogenously fixed level. Now we consider the more realistic case where fees are not perfectly
observed by outsiders and the manager can choose the level of fees. Although most funds

use a 1.5-3 percent management fee and a 20-25 percent carry interest (Gompers and Lerner,
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1999; Phalippou and Gottschalg, 2008; Litvak, 2009), it is reasonable to assume that there
is some uncertainty regarding exact fees paid and that the manager has some discretion in
determining the level of these fees. For instance, there may be hidden fees such as distri-
butions that generate an interest free loan to VCs from limited partners (Litvak, 2009) or
kickbacks that rewards investors. To isolate the effect of unobservability of fees, we assume
that fund size is observed by the firms.

In this case, firms conjecture the fee structure f¢ and v and use the fund’s past history

to estimate the manager’s talent:

C
Bt XVl = wi Bl Xlhca] + (1= w0) (= + 2 @),

which is equal to

Bt X U] = B[ X o]+ (1 = ) (UG QNI S o).

+ = +c
(1—vf)P; By

The manager’s choice of fees today clearly affects the talent perceived by firms next
period. If the manager charges a lower fixed or variable fee than conjectured by the investors,
he can hope to convince investors that he has superior talent, which will increase the fraction
of good firms in the manager’s portfolio in the future. This effect can be seen clearly from
the derivative of the conditional expectation of talent with respect to the manager’s choice
variables,

0 0

—F X —F X .
a7, i1 [X|he] <0, B i1 [Xhe <0

We can now write the Bellman equation for the manager:

Vi(Ey [X|hi—1]) = max [Quu(PW; — fi) + Qufr + Viga (Eegr [ X |hy))]

tyJt, Ut

subject to the constraints

(1 —=v)(PWy— f;) >0
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Qy ftC
B [X|he] = w By [X]he1] + (1 — wy) (m et C(Qt)>

When fees are not observed, firms cannot perfectly infer the manager’s ability from the
fund’s past returns. The manager therefore has an incentive at the margin to reduce his fees
so as to increase the return to investors with the hope of improving firms’ perceptions of his
ability. In this case, the manager provides positive expected return «; to the fund’s investors
and does not capture all the surplus. Given that the fees are lower, investors are actually
willing to invest more than in the benchmark case. However, the manager limits the size of
the fund and does not accept all funds offered by investors. As a result, the fund’s size could

be larger or smaller than in the benchmark case.

Proposition 5 When fund fees are not perfectly observed by firms, the manager limits fees

and fund size. Fund investors’ expected return oy is positive and persistent.

In equilibrium, of course, firms correctly conjecture the manager’s incentives and antic-
ipate the actual fee structure that will be chosen. That is, the manager is again unable to
fool the market, and his ability is inferred in a unbiased way. Nevertheless, the asymmetry of
information leads the manager to leave money to investors through his incentives to attempt

to manipulate firms’ beliefs.

2.2.3 Unobserved Fund Size

We next consider the case where firms are unsure about the actual quantity that will be
placed by the manager, so that the overall fund size is not observed perfectly. That actual
fund size may not be fully observed, especially when a manager establishes a new fund
before fully exiting the previous one, is realistic. Moreover, in our model fund size is also
used to capture dis-economies of scale that could be the result of various factors including
the workload of managers (Lopez-de-Silanes, Phalippou and Gottschalg, 2009). Therefore,
one could also consider this case as relating to an information asymmetry about the workload
of the manager or dis-economies of scale in general. We again assume that fees are set at

some fixed level v; < 1 and f; < P,W,.
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The structure of the problem remains the same as before but this time firms conjecture
the size of the fund Q¢ rather than the fees in trying to estimate the talent of the manager.

Firms update their beliefs as follows:
Epsr [X[h] = w By [ X [hea] + (1 —wp) (X + e — e(Q1) + (@) (4)

From (4), it is clear that decreasing fund size positively affects firms’ estimation of talent.
As a result, the manager limits the fund’s size and provides positive and persistent returns

to fund investors.

Proposition 6 When fund size is not observed, the manager limits the fund’s size. Fund

wnvestors’ expected return oy is positive and persistent.

2.2.4 Combinations of Unobservability of Size and Fees

In this section we study two interesting cases. In the first case, firms observe neither the fees
nor the quantity choices of the managers. In the second case, firms do not observe quantity
but they do observe fees, which can be freely determined by the manager.

In the first case firms’ expectations of the manager’s ability are given by:

Ei [ X|he) = w B X |hi—q] + (1 — wy) ((1—Ut)(Pt<X+€t—C<Qt))—ft) h )) ‘

(1—'UtC)Pt IDt

The manager’s choices clearly affect the talent perceived by firms next period. If the manager
charges a lower fixed or variable fee and invests a lower amount than conjectured by the
investors, the manager can hope to convince investors that he has greater talent. Therefore

it is not surprising that we obtain similar results as before.

Proposition 7 When both fund size and fees are unobserved, the manager limits fund size

and fees. Fund investors’ expected return oy is positive and persistent.

In previous sections we assumed either that fees are set at some fixed level or that they

are not fully observed. We next analyze the special case when fees can be freely chosen by
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the manager, but are perfectly observed by firms. Fund size, however, is not observable. One
may argue that when fees are observed by market participants it may be hard for managers
to deviate substantially from industry norms. However, analyzing this case is interesting
because it highlights the importance of uncertainty about fees on investors’ returns.

Firms conjecture the size of the fund Q¢ in trying to estimate the talent of the manager.

Firms update their beliefs as follows:
By [X[he] = w By [ X [hea] + (1 = wy) (X = ¢(Qr) + ¢(QF)) (5)

From (5) it is clear that decreasing fund size positively affects firms’ estimation of talent.
As a result, the manager limits the fund’s size. However, the manager’s choice of fees
does not affect the inference investors make about his ability. In other words, there is
nothing to prevent the manager from fully capturing the return he generates for the fund.
As the following proposition argues, however, the manager still limits the size of the fund
compared to the case of no information asymmetry about size. Therefore, some degree of
unobservability of fund fees seems to be critical to derive the performance persistence result
even if it is not critical in generating incentives to limit fund size. However, as we discuss
below, a possible extension to the model set-up produces positive and persistent performance

even when fees are observable and freely determined by the manager.

Proposition 8 When fees are observed but fund size is unobserved, the manager limits fund
size by choosing an amount lower than the amount he would choose if fund size were observed.
Howewver, the manager captures all the surplus he generates and investors’ expected return

Q1S Zero.

In our model the only factor that affects the likelihood of a manager matching with high
quality firms is his perceived ability. This simple setup allows us to focus our attention to
the role of the matching process and information asymmetry in explaining return patterns
in private equity funds. It is, however, possible to extend the model to one in which the

entrepreneurs also care about the size of the fund. For example, the value added to firms
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may decrease as fund size decreases as in Fulghieri and Sevilir (2009). If the firms do not
observe the final size of the fund at the time of matching, the fund manager may need to
reassure firms that the number of firms that it takes on is not going to be excessive. In this
case the fund’s fees can act as a commitment device for not increasing size and may lead to

performance persistence even when fees are observed. We analyze this case next.

2.2.5 Using Fees in Committing to a Small Fund Size

In the previous section we showed that, when the fees charged by the fund to investors are
perfectly observable to all, the fund manager restricts the size of the fund as a result of his
attempt to manipulate firms’ beliefs, but he extracts all surplus from investors through the
fee structure. Here, we show that, even if fees are perfectly observable, small variations of
the basic model once again yield the result that the fund manager may optimally choose to
provide investors with a positive excess expected return.

We introduce one such extension by assuming that the manager may need to commit to
maintain a relatively small fund. This would be the case, for instance, if running a large
fund leaves a manager relatively little time to dedicate to individual firms, so that their
value added is likely to be low when the fund gets too large (Lopez-de-Silanes, Phalippou
and Gottschalg, 2009; Cumming and Dai, 2010). If firms have some outside opportunity,
such as to match randomly with another provider of funds, or to retain the option of re-
maining independent in hopes of getting a better offer at some later point, this would imply
a maximum fund size for a given level of ability, to which managers would have to credibly
commit in order to match with good firms. Specifically, assume that fees are determined first
and that fund size ); is not observed at the time entrepreneurs decide to accept managers
offer. If entrepreneurs believe that fund size will exceed some cutoff size QQ*, they reject the
offer. Hence, it is important for the fund manager to reassure entrepreneurs that the fund’s
size will remain below this threshold.

We only analyze the most interesting case when the size threshold is binding in the sense

that, absent other concerns, the fund manager optimally chooses a fund size larger than the
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threshold. Denoting by @)} the solution to the first order condition for maximizing the fund

manager’s return in the absence of the constraint,

JELV]
90,

Vi 8Et+1[X]:
OB [ X]  0Q; ’

=0 P (W — Qi (Q1)) + fr (1 — ) +

this means that @)} > Q*, at least for values of v; =~ 1 and f; =~ P,W;, the values that would
be chosen if the manager set fees so as to capture all the surplus.

With these changes to the basic model, we can now state the following result.

Proposition 9 When the fund manager needs to commit to a mazimum fund size Q*, there
exist parameter values such that: (1) the equilibrium scale is Q; < Q*; (2) v < 1 and

fi < PWy; and (3) ap > 0, even when all fees are perfectly and publicly observed.

The perfect observability of fees makes the manipulation of entrepreneurs’ beliefs much
more difficult, since entrepreneurs can easily back out the total fund returns from observing
the actual fees that are paid to the manager. This proposition demonstrates that the finding
of positive and persistent fund returns is robust to the possibility that fees are observed if
we assume that fund managers may have other considerations in determining fees. In this
case, setting a relatively low fee structure, and one that fails to fully extract all surplus from
investors, reduces the incentives of the fund manager to raise too much capital from investors
and thus provides a commitment to run a relatively small fund.

As a final point, in the proof of Proposition 9 we also show that the optimality of provid-
ing positive excess returns (i.e., oy > 0) relies crucially on the incentive the fund manager
has to manipulate entrepreneurs’ beliefs concerning his talent. Absent such incentive for the
fund manager, the optimal fee structure will always fully extract all surplus from investors,
even if the manager needs to commit to maintain a relatively small fund size, as analyzed
above. This occurs because, in the absence of an incentive to manipulate firms’ beliefs, any
fee structure that achieves commitment can be replaced by another structure that achieves
the same commitment but that fully extracts all the rents from investors. This, however,

cannot always happen when there is an incentive for manipulating beliefs of entrepreneurs.
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Put differently, the signal jamming argument used throughout our analysis is a crucial re-
quirement for “leaving money on the table,” even when the fund manager uses fee structure

as a commitment device to keep fund size small.

3 Empirical Predictions

In addition to explaining why managers may limit fund size and provide persistent positive
returns to investors, we provide several novel cross sectional and time series predictions about
the performance of private equity funds.

In most instances of venture capital financing, the entrepreneur retains a significant
stake in the firm, especially when his input (i.e., effort) is important for the firm. Therefore,
entrepreneurs have an incentive to match with fund managers that can add value to their
firms. On the other hand, in leveraged buyout (LBO) deals existing investors are paid ex-
ante and most of the time sell the bulk of their stake in the company. Therefore, firms
that are targets of a buyout are not concerned about inferring the value-adding ability of
the manager. As a result, managers of LBO funds should have little incentive to either
keep fund size small or charge lower fees to their investors as a way of manipulating the
beliefs of entrepreneurs at the target firms. Our model therefore distinguishes between the
returns of venture capital versus LBO funds. This prediction, to the best of our knowledge,
is unique to our framework, and is consistent with recent empirical findings. For example,
Kaplan and Schoar (2005) find that the coefficient of past returns in estimating future returns
(performance persistence) is much lower for LBO funds compared to venture capital funds.
Consistent with this, Metrick and Yasuda (2008) find that LBO firms scale their size much
faster in reaction to past positive returns compared to venture capital firms.

There are also cross sectional differences among venture capital funds in terms of their
focus on early versus later stages (Gompers and Lerner, 1999). Empirical evidence finds
that VC’s value added is more pronounced in the first two rounds of financing (Chemmanur,

Krishnan and Nandy, 2009). Therefore, the matching process should be more important for
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VC funds that specialize in earlier round investing, with the implication that our findings
concerning fund returns and persistence should be more applicable to these funds. To the
best of our knowledge, this also is a novel prediction of our framework.

Although we do not explicitly model how competition affects the matching process be-
tween firms and funds, a manager’s incentive to manipulate the beliefs of firms should depend
on the degree of competition among venture capital funds to attract good target firms. With
no competition, a manager has no incentive to manipulate beliefs because he will be able to
match with good firms regardless. On the other hand, too much competition will decrease the
marginal impact of manipulation on the matching probability with good firms. Therefore,
we predict that the relationship between competition and performance persistence should
be nonlinear, with most of the effect emphasized for intermediate levels of competition. If
individual markets exhibit different degrees of competition - either because of geographic
separation (Chen, Gompers, Kovner and Lerner, 2009), specialization (Fulghieri and Sevilir,
2009; Gompers, Kovner, Lerner, Scharfstein, 2008), or fund availability over time, one could
test whether performance persistence varies within these dimensions. These predictions we
believe have not been tested so far.

In the time series, as the manager gets more experienced, firms have better information
about the ability of the manager. Over time a fund manager’s incentive to manipulate
firms’ beliefs should decrease. As a result we expect a positive relationship between past
fund returns and changes in fund size. This is consistent with recent evidence in Kaplan
and Schoar (2005). Our model also predicts that the learning that takes place over time
about a fund manager’s ability implies larger fees by more experienced managers, as found

by Gompers and Lerner (1999).

4 Conclusion

Anecdotal evidence suggests that many successful private equity funds are oversubscribed.

On the other hand, private equity funds appear to generate persistent abnormal returns for
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their investors, in contrast to mutual funds, which exhibit little or no performance persis-
tence. We argue that private equity funds are fundamentally different from mutual funds
because of two reasons: First, private equity funds need to match with good firms, which
want to match with managers who have higher ability to add value. Second, there is greater
asymmetry of information regarding managers ability to add value because many fund char-
acteristics are not fully observed by firms. Therefore, there is a high incentive for private
equity fund managers to attempt to manipulate the beliefs of firms about their ability. In
particular, by charging lower fees and/or limiting the fund’s size, a manager tries to im-
prove firms’ beliefs about his ability to add value. In the signal jamming equilibrium we
develop, firms are not fooled and they correctly form an unbiased expectation. Neverthe-
less, the managers limits the fund’s size and/or fees and provides persistent returns because
otherwise his probability of matching with good firms decreases. Our model not only ex-
plains differences in performance persistence between mutual and private equity funds but
also discusses how our results would vary across different types of funds, fund’s stage focus,

managers’ experience, competition across markets and over time.
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Appendix

Proof of Proposition 1: The first order conditions to the fund manager’s maximization

problem are

aggt/t] = v (PW;y = fi) = QP (Qy) + fi — M(1 = v) PA(Qy) = 0, (6)
OE[V)] _

af, (Q: — A1 =) =0, (7)

U Q- nrw- =0, (®)

M(1—wv)(PW, — fi) = 0. (9)

There are a number of possibilities. Suppose that A\, = 0. Then (7) can only be satisfied
by v; = 1. Also, (8) can only be satisfied if P,W; — f; = 0. Alternatively assume alpha is
positive but not equal to Q. Again (7) can only be satisfied by v, = 1. Also, (8) can only be
satisfied if P,W; — f; = 0. Finally assume alpha is equal to ), in this case either v; = 1 or

P,W, — f; = 0. In all these possible cases the solution for @); from (6) is determined from :

OE[Vi
Q¢

= —Qic(Qr) + Xy —c(Qy) =0 (10)

This completes the proof. [J

Proof of Proposition 2: Suppose that A, = 0. Then (7) can only be satisfied by v, = 1.
Also, (8) can only be satisfied if P,W; — f; = 0, or in other words if f; = P,W;. Note that in
equilibrium we have oy = 0 even under the assumption that \; = 0. Suppose instead that
At > 0. Then from (9) either v, = 1, f; = P,W,, or both. From (8) we also know that either
Q: = N\, or f = P,W,. Note that either way, oy = 0. [J

Proof of Proposition 3: The Kuhn-Tucker conditions are

v(PW, — fi) — QuuePic (Qr) + fi — M P (Q)(1 —vy) + Cler) = 0 (11)
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8ftt = (@t = A)(1—v) =0, (12)
81;[}‘/75] = (Q: = N(BW, — fi) =0, (13)
(=) (BW, = fi) =0 (14)

(et) 8Vt+1

oC
Qv Py — @y 9
€t €t

(15)

Suppose that A\; = 0. Then (12) can only be satisfied by v; = 1. Also, (13) can only be
satisfied if P,W, — f; = 0, or in other words if f; = P,W;. Note that in equilibrium we have
a; = 0 even under the assumption that \; = 0. Suppose instead that A\; > 0. Then either
vy =1, fy = PW,;, or both. From (8) we also know that either Q; = X\, or f; = P,W;. Note
that either way, oy = 0. I

Proof of Proposition 4 The Kuhn-Tucker conditions are given by (1), (2), and (3). When

the manager’s effort is not observable we have 6\/}+1

> 0 in (3), which increases the equilib-
rium level of effort compared to the case when effort is not observable.

The effect of effort on the manager’s payoff when effort is observable is equal to:

Qi Pre; — th(et) (16)

el'B . which basically maximizes

Define the optimal level of effort when effort is observable as e
Pie; — C(ep). Given that the manager exerts higher effort than what is socially optimal, the
inequality following must hold: Pe; — C(e;) < Pel® — C(ef'P). Close examination of the
Kuhn-Tucker condition with respect to (Q; reveals that effect of effort on the optimization
equation of @), is limited to the term P,e;—C'(e;). Given that this term is smaller than Ptef B_

C(ef'P), the equilibrium level of quantity will be smaller than when effort is observable and

the quantity is socially optimal. [J
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Proof of Proposition 5: From the Bellman equation provided in the text, we obtain the

Kuhn-Tucker conditions, which are

agcgt/t] = Ut(PtWt - ft) - Qvtf)tcl(@t) + f, — )‘tPtC/(Qt)(l B Ut) _ 0 (17)
OE[Vi] Wiy OB [X]
of, ~ @MUt o X of, (18)
OElV: Vi1 OE4[X
aq[ft L= @~ )R, 0+ T aeiny aﬁt[ l o 9
M(1—v)(PW,— f,) =0 (20)

Assume that \; > 0, so that the investors’ participation constraint binds. In this case,
either 1 — v, = 0 or P,W, — f; = 0 or both. However this can’t be true because we could
not then satisfy equations (18) and (19). Therefore, A, must be equal to zero. In this case
again 1 — v, or P,W; — f; cannot be equal to zero. As a result investors’ expected return oy
is positive. We can find the solutions for f; and v, from (18) and (19) and plug this into (17)
to solve for the managers choice of ();. The manager accepts a lower quantity than investors

are willing to invest because the fund’s return is positive. [

Proof of Proposition 6: We can write the Bellman equation as

Vi(E; [X|hea]) = me?x [Quue(PWy — fo) + Qufr + Vigr (Eyp1 [X |he])]

tyJt,Vt

subject to the constraints,

(1 —v)(PW; = f) 20

Ei1 [X|he] = wi B [ X |hy 1] + (1 — wy) (ﬁ + % +c (th))
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The Kuhn-Tucker conditions are

OE[Vi
9Q

OViy1 O0FEiq[X]
OE, 1[X] 0@

= u(PW,— fi) —Quu Pic (Qy) + fi—= M Poc (Qr) (1 —vy) +

—0 (21)

ML= v)(BW, — f) =0 (22)

Let’s assume that A\; > 0 in other words the investors participation constraint binds or

ay = 0. In this case P,W, — f; = 0 given that v, < 1. If bW, — f;, = 0 equation 21

OVig1 OFE1[X

cannot be satisfied if — B IX] 00 IS fi. If Ay = 0 the same condition also ensures that

PW,—f>0.0

Proof of Proposition 7: Kuhn-Tucker conditions are

agc[;t/t] = vt(PtWt_ft)_QtUtRECI(Qt)+ft_)\tPtC/<Qt)<1_Ut)+ag:fj[l)(] aEégEX] =0 (23)
OEV)) Vi OB [X]
aft = (Qt — )\t)(l — 'Ut) + 8Et+1[X] aft =0 (24)
DElV) Wisr OBn[X]
avt - (Qt - At)(PtWt - ft) + aEH_l[X] a'Ut - O (25)
)\t(l - Ut)(PtWt - ft) =0 (26)

Let’s assume that A\; > 0 in other words the investors participation constraint binds.
In this case there are three possibilities either 1 — v, = 0 or P,W; — f; = 0 or both. If
P,W; — f; = 0, then (25) cannot be satisfied and if 1 — v, = 0 then (24) cannot be satisfied.
As a result A\; must be zero. When A\; = 0 both 1 — v, > 0 and P,W; — f; > 0 otherwise (24)
and (25) cannot be satisfied, respectively.

For all possible cases discussed, (23) has an additional negative term compared to (6),

which implies that the optimal quantity that satisfies (23) is lower than the @Q;. O

Proof of Proposition 8: The Bellman equation is similar to previous cases but this time

fi+ and v; is observable therefore managers choice of fee structure does not affect firms ex-
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pectation about the talent of the manager.

Vi(Ey [X|hea]) = max (Qeve(PWy — fi) + Qufy + Vipr (B [X|he])]

tyJt,Vt

subject to the constraints,

(1—v)(PW,— f;) >0

B [X|hy] = w By [ X |he_1] + (1 — wy) (ﬁ + % +c (Qf))

The Kuhn-Tucker conditions are as follows:

oEV, / / Nivs OBy

ggt/] = 'Ut(PtWt_ft)_QtUtPtC (Qt)+ft_)\tp756 (Qt)(l_vt)_i_aEXl—s-[X] Ea_zgt[X] -0 (27>
oEV) )

o5, = (@ MI-w)=0 (28)

agz[]tvi] = (Qr— M) (PW, — f,) =0 (29)

M1 —v)(PWy— f1) =0 (30)

Suppose that A\; = 0. Then (28) can only be satisfied by v; = 1. Also, (29) can only
be satisfied if P,W, — f; = 0, or in other words if f; = P,W,. Note that in equilibrium we
have a; = 0 even under the assumption that A\, = 0. Suppose instead that A\; > 0 then
(1 —v)(PWy — f;) = 0 in other words oy = 0.In all possible cases equation (27) simplifies

to:
OE[Vi]

9Q

It is obvious from this equation that managers choice of quantity will be lower than the

OWVip1 OE1[X] _
OB 1 [X] 00,

= —Qic(Qr) + Xy — ¢(Qy) +

(31)

OVip1  OEi1[X]

optimal quantity because the additional term DXl 00,

O

compared to (10) is negative.

Proof of Proposition 9: Assuming that 828%[;/” < 0, which is a necessary condition for
t

the fund manager’s maximization problem to be well defined, we can invoke the Implicit
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Function Theorem to determine that %Lgf is proportional to

?EV,
8%(‘9[653 =P (Wi — Qi (Q1)) — fr = (PW: — fi) — Qi (Q1) .
For f, =~ P,W,, this reduces to giggt] = —PQ: (Qy) < 0 for Q; > 0. By contrast, %%f is
proportional to
PEV] _ (1)
000, ’

which is weakly positive, and strictly positive for v; < 1.
Since by assumption @, > Q* for v, & 1 and f; =~ P,W;, the only way to commit
to choose ); < @* is by reducing f;, since reducing v; would actually increase ();. The

impact of such reductions, however, is minimal for v; = 1 — e. Note, however, that as f;

2 E[Vi]

» Tod0. = (PW, — fi) — PiQc (Qy) may be either positive or negative,

becomes smaller

and will strictly positive for small enough @);. Such @); will be optimal when the signal

OVig1 OFiq1]
Ei1[X]  0Q¢

jamming incentive is sufficiently strong: 3 X << 0. This can be seen by noting

that if the incentive to signal jam is sufficiently large in absolute magnitude, either because

Vit
O0F¢41(X]

OB 41[X]
Q¢

with Wy — Qi (Q;) > 0. From this, it is now straightforward to see that the only way to

>> (0 or

<< 0, or both, then the first order condition can only be satisfied

credibly commit to choose Q); < Q* is by choosing some v; < 1 and some f;, < P,W,, as
desired.

We also establish here the necessity of a signal jamming incentive for this result. Suppose

WVip1 0Ep1[X
OFE¢41[X] 0Q+

to the contrary, and that the term I = 0, so that there is either no incentive
or no ability to influence entrepreneurs’ belifes. In this case, the fund manager’s first order

condition for the case where 0 < v; < 1 and 0 < f; < P,W,; reduces to

OE[Vi
0Qy

For any v; < 1, note that this FOC can only be satisfied if W; — Q' (Q;) < 0. Therefore, it

=0 P (W — Quc Q1)) + fi (1 —v;) = 0. (32)

is straightforward to see from this FOC that % < 0 and %—% > 0.

Ut
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Suppose now that there is some combination 0 < v; < 1 and 0 < f; < P,W, that deliver
Q; = Q*. Since % < 0 and %—% > 0, the fund manager should be able to increase v; by
some € and at the same time increase f; by some § such that ¢); remains constant at Q*, but
now the manager makes higher profits since both fees have been increased. Adjusting the
fees in this way will always be possible until either v; = 1 or f; = P,W;. Therefore, any fee
structure that achieves commitment can be replaced by another structure that achieves the
same commitment but that fully extracts all the rents from investors. We can now conclude

that absent the signal jamming incentive it is never optimal to leave money on the table. [
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