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ABSTRACT

Incentive fees for money managers are frequently accompanied by high-water mark provisions that
condition the payment of the performance fee upon exceeding the previously achieved maximum share
value. In this paper, we show that hedge fund performance fees are valuable to money managers, and
conversely, represent a claim on a significant proportion of investor wealth. The high-water mark provisions
in these contracts limit the value of the performance fees. We provide a closed-form solution to the
cost of the high-water mark contract under certain conditions. Our results provide a framework for
valuation of a hedge fund management company.
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High-Water Marks and
Hedge Fund Management Contracts

The growth of the hedge fund industry over the past decade has brought an unusual form of
performance contract to the attention of the investment community.! Hedge fund managers typically receive
a fraction of the fund’s return each year in excess of the high-water mark. The high-water mark for each
investor is the maximum share value since his or her investment in the fund.? These performance fees
generally range from 15 percent to 25 percent of the new profits earned each year. In addition, managers also
charge a regular annual fee of one percent to two percent of portfolio assets. For example, George Soros’
Quantum Fund charges investors an annual fee of one percent of net asset value with a high-water mark
based performance fee of 20 percent of net new profits earned annually. As a result, the Quantum Fund
returned 49 percent (pre-fee) in 1995 on net assets of $3.7 billion resulting in an estimated total
compensation of $393 million for that year, most of which was due to the incentive terms.* Of course, when
the high-water mark is not reached, manager returns are substantially reduced. In 1996, the Quantum fund
lost 1.5 percent, and thus, earned only their regular annual fee $54 million (1 percent of the $5.4 billion of
assets).

While the Quantum Fund stands out as an unusually good performer over the past decade, its
compensation terms are typical of the hedge fund industry. High-water mark contracts have the appealing
feature of paying the manager a bonus only when the investors make a profit, and in addition, requiring that
the manager make up any earlier losses before becoming eligible for the bonus payment. On the other hand,
their option-like (non-linear) characteristics clearly could induce the manager to alter his investment strategy,
and the large bonus of 20 percent above the benchmark clearly reduces long-term asset growth.

In this paper, we examine the costs and benefits of high-water mark compensation to investors. To
do so, we develop a valuation equation that allows us to estimate the division of wealth that the investor

implicitly makes with the portfolio manager upon entering into such a contract. We find for reasonable

! The term hedge fund is used to characterize a broad class of skill-based asset management firms that, for a variety of
reasons, do not qualify as mutual funds or money managers regulated by the Investment Company Act of 1940. For
recent academic research on the hedge fund industry, performance incentives and performance, see Fung and Hsieh
(1997, 1999, 2000), Brown, Goetzmann and Ibbotson (1999), Brown, Goetzmann, and Park (1997) and Ackerman,
MacEnally, and Ravenscraft (1999).

2 The various partners’ funds are all pooled so they earn the same rate of return, but different partners may have a
different high-water mark depending on the maximum share value reached since their investment in the fund.

® Figures are from the U.S. Offshore Funds Directory, 1995 and 1996 editions for the Quantum Fund N.V. Returns
assume re-investment of income. Manager fees are calculated from reported changes in net asset value.



parameters of the valuation equation that the present value of fees and other costs could be as high as 33
percent of the amount invested. A more representative number, though, is probably 10 percent to 20 percent.
A significant proportion of this compensation is due to the incentive feature of the contract; however, the
tradeoff between regular fees and high-water mark fees depends upon the volatility of the portfolio and the
investor’s withdrawal policy. We find that this proportion is high when money is “hot,” i.e., when the
probability of investors leaving the fund is high, and when the volatility of the assets is high. In contrast,
when investors are likely to remain for the long term, and when volatility is low, the regular-fee portion of
the contract provides the greatest value to the manager.

This apparently significant transfer of wealth to the manager may, however, be economically
justified. We show that excess performance as small as an alpha of three percent could compensate the
investors for such charges.

We also consider why high-water mark contracts exist, and in particular, why they are used by hedge
funds as opposed to mutual funds. While their prevalence in the hedge fund industry might be an accident of
history, the high-water mark compensation contract may have features particularly suited to the types of
investment strategies employed by hedge funds. The role of volatility and investor withdrawal, for example,
may account for why we find high-water mark incentives used in asset classes such as hedge funds,
commodity funds, and venture capital funds. In these asset classes, investor payoff is presumably based more
upon expectations of superior manager skill and less upon the expected returns to an undifferentiated or
passively managed portfolio of assets. Given that hedge fund investment is, in a sense, a pure bet on manager
skill, our analysis provides a framework for considering how much skill a hedge fund manager must have to
justify earning such high fees.

In addition to the valuation of the high-water mark contract, we explore the question of whether the
high-water mark compensation is due to the fact that hedge fund technology may have diminishing returns to
scale. Most hedge fund managers are engaged in some form of “arbitrage in expectations,” in the domestic
and global debt, equity, currency, and commodities markets. By their very nature, scaling these arbitrage
returns may not be possible as investors purchase more fund shares. Most mutual funds can compensate their
managers for past performance with a fixed percentage fee on assets, since good performance will attract
new money. Hedge funds, however, may not be able to take or even want new funds.

To test whether the high-water mark contract may be a substitute for increasing compensation
through fund growth, we examine the empirical relationship between hedge fund investor cash-flows and
performance. In contrast to similar studies in the mutual fund industry, we find that neither large funds nor
funds with superior performance sell new shares — indeed we find evidence that they experience net share

repurchases. This is consistent with the hypothesis that the hedge fund industry itself has important limits to
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growth. This also has implications for investors seeking alternative investments to equities and debt. While
hedge fund performance over the past ten years has been strong on a risk-adjusted basis, this performance
may be in part due to the relatively small size of the hedge fund sector. The unwillingness of successful
funds to accept new money may be indicative of diminishing returns in the industry as a whole as investment
dollars flow in. We conjecture that the option-like fees commanded by hedge funds exist because managers
cannot expect to trade on past superior performance to increase compensation through growth.

The paper is structured as follows. Section | develops a valuation model for determining the cost of
the manager’s contract. Section Il estimates parameters for the model, using data on hedge funds. Section IlI
provides some comparative statics and discusses the implications of our results. Section IV illustrates some
extensions to the model. Section V presents evidence on hedge fund performance, size, and fund flows.

Section VI concludes.

I. The Management Contract Cost Model

The hedge fund management contract has interesting option-like characteristics. It is a potentially
perpetual contract with a path-dependent payoff. The payoff at any time depends on the high-water mark that
is related to the maximum asset value achieved. As such, the contract can be valued using option-pricing
methods. The major difference in our approach is to use an equilibrium derivation. Typically, option pricing
is based on replicating a claim. Replicating a hedge fund is not possible since the information used in finding
the arbitrages, which give it value, are, by necessity, private. Furthermore, since our approach is an
equilibrium one, the valuation is not necessarily valid for an agent like the fund manager who likely holds a
undiversified portfolio with his wealth concentrated in the fund’s assets.

We work in a continuous-time framework and assume that, in the absence of payouts, the assets of
the fund follow a lognormal diffusion process with expected rate of return x and logarithmic variance &
Although the investors’ assets are pooled for management, we model a single investor’s position in the fund
because each investor may have different withdrawal expectations and a different high-water mark if
investment occurred at different times. The variable S represents the market value (or net asset value) of the
investor’s position, and H is the current high-water mark; it is the highest level that the net asset value has
reached subject to certain adjustments. The net asset value is reduced when the client makes withdrawals or
receives distributions from the fund. There may be regular or periodic withdrawals or distributions, which
we approximate as continuous occurring at the rate W(S, H, t):

dS=[uS -W(S,H,t)-cS]dt+ 6Sdw, S<H. (1)

The fund may experience a complete withdrawal of an investor’s assets. We model this as occurring



when the asset value drops to some low level, S(H, t), representing a loss of confidence by this investor in
the hedge fund’s managers. In addition, an investor may withdraw his funds before this level is reached.
Such a withdrawal might represent a liquidity need or more profitable investment opportunities elsewhere.
The probability per unit time of such a liquidation is A(S, H, t).*

The fund has operating expenses, including a regular management fee that must be paid from the
assets. We assume these expenses are proportional to the value of the fund, cS per unit time. When the asset
price moves above the high-water mark, the manager also collects an extra or performance fee equal to the
fraction k of this return. In the stylized setting of the model, the performance fee is earned continuously. In
practice, the performance fee is usually accrued on a monthly basis with H being reset annually or quarterly.

In the simplest case, the high-water mark is the highest level the asset value has reached in the past.
For some incentive contracts, the high-water mark grows at the rate of interest or other contractually stated
rate, g. It is also adjusted by withdrawals and often certain expenses are allocated to its reduction. When the
asset value is below the high-water mark, it is not affected by the random variation in S. It is only adjusted
due to withdrawals, allocated expenses, and the contractual growth rate. Since these are not locally random
in our model, the evolution of H is locally deterministic. The common practice is to adjust H by the same
proportion that withdrawals and allocated expenses have to the asset value. So for S < H, the evolution of H
is

dH :(g_W(S,HS,t)+C'Sdet @)

where g is the contractual growth rate of the high water mark (usually zero or r) and c’S is the costs and fees
allocated to reducing the high-water mark. When the asset value reaches a new high, the high-water mark is
reset to this higher level.

We are interested in determining the values of the performance fees, P(S, H, t); the regular annual
fees, A(S, H, t); the sum of the two, F(S, H, t); and the investor’s claim, I(S, H, t). The variable S represents
the market value of the assets held and does not recognize that the managers have superior information that
makes the assets more valuable (at least in this combination) than the market believes. On the other hand, the
values, P(-), A(), F(-), and I(-), are not market values; indeed, the claims are not marketable. Rather, they are
the values of the claims as computed by a representative investor who knows the premium performance the

managers of the fund are providing. In particular, we shall see that | + F exceeds the market value of the

* We refer to the complete withdrawal of an investor’s money as a liquidation to distinguish it from the regular or
periodic withdrawals. This does not imply that the fund as a whole is liquidated. Other investors may have different
“rules” or different high-water marks due to investing at different times.



assets held.

Let f represent the value of a generic claim, then, for S < H, the evolution of this value is

2 '
df = ﬂ[ﬂS —W(S,H,t)—CS]+EJZSZg+[g——\/\/(S’I—l't)ﬂSjHi+ﬂ dt
oS 2 oS S oH ot @3)

+%O-Sda)+[fA(S,H,t)— fldg

There are no 6°f /6H? or 6°f /oH 6S terms because H is locally deterministic when H < S. The different

values are distinguished by different payouts from the fund to the claim; different boundary conditions; and
different post-liquidation values, fA(S, H, t). This is the known value of the claim after the investor’s funds
are withdrawn. For any of the fee claims, this is 0; for the investor’s claim, it is S. The first two terms in (3)
are the usual 1t6 description of the evolution; d¢ is the increment to a point process; ¢ = 0 and ¢ = 1 before
and after the investor’s liquidation, respectively with E[d¢] = A(S, H ,t)dt.

If the assets of the fund could be purchased, we could now determine the values through the usual
no-arbitrage arguments of the Black-Scholes model. However, it is unrealistic to assume that investors can
replicate the hedge fund without the special knowledge of the managers. Furthermore, even if they could
replicate the claim, doing so would require a short position in the very assets the managers believe provide
the superior returns to the hedge fund.

In place of the absence of arbitrage, we will use an equilibrium derivation as in Merton (1976) or
Ingersoll (2002). Quite generally, the value of any asset can be determined with a martingale pricing
operator, ®, and the valuation relation E[d(®f)+ D(S,H,t)dt]=0,where D (-) is any payment made to the
claim being valued. If we select as the martingale process the marginal utility of any investor, then the value
determined is this investor’s subjective value. If the investor selected is the representative investor, then we
derive the market value of the asset. For the representative investor, the evolution of the martingale pricing
operator is d®/@® = —rdt + [(um — )/om]d@m, where uy, and oy, are the expected rate of return and logarithmic
standard deviation on the market, and da, is the Weiner process for the market.

The pricing relation for the claim is then®

® The derivation assumes there is no relation between changes in ® and a liquidation. There can be no relation between
the changes in ® and the value of f when liquidation occurs, since the liquidation change in the magnitude of f is
deterministic. The only relation could be between changes in ® and the event of a liquidation. In a more general model,
the liquidation probability A could depend on changes in ® or its level.
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—-r

( W(S,H,t)+c'S
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S

On

The expression (o/o,)E[dwdw,]in the final term is the standard CAPM beta for the fund’s asset value.

We define the premium return on the fund’s assets as o = u — r — B(un — r).° Then, while the fund's assets are
below the high-water mark, the present value functions satisfy the option-like partial differential equation:
W(S,H,t)+c S) Hf,
S
+f, +AS,HO)[f, (S,H,t)- f]-rf + D(S,H,t) forH <S.

0=10°S*f, +[(r+ @)S —W(S,H,t)—cS]fs+(g— )

Although a different derivation was used, this equation has the standard Black-Scholes interpretation. The
first four terms are the expected risk-neutral change in the value of the fees due to the changes in S, H, and t.
The expected rate of return on S has been “risk-neutralized” to r + «. There are no fuy or fys terms because H
is locally deterministic when H < S. For the same reason, the expected change in H requires no risk-neutral
adjustment.

The function A(S, H, t) is the probability per unit time of the investor liquidating his position. The
term A(S,H,t)[f,(S,H,t)— f] is the risk-neutral expected change in the claim due to liquidation. If the

investor liquidates, which happens with probability Adt, the value of the claim changes from f to f,; this is
the known value of the claim after the investor’s funds are withdrawn. For any of the fee claims, this is 0; for
the investor’s claim, it is S.

The term D(S, H, t) is the flow rate of costs whose present value (along with that of the performance
fees) we are determining. It is like a dividend paid to the derivative asset in the Black-Scholes model. For the
performance fees, the regular annual costs and fees, and the investor’s claim, the payouts are D(S, H, t) =0,
D(S, H, t) =cS, and D(S, H, t) = W(S, H, t), respectively.

Note that we are doing this valuation from the point of view of an investor in a competitive market.

To the extent that the manager cannot hedge away the risk inherent in the funds and the fees, he may assign a

® This definition of « is completely general. There is no need that the CAPM holds in this economy to derive our
formulas. The CAPM is consistent with our assertion that managers who can provide a positive « have ability, but this
is simply a matter of interpretation. Our model would still be valid for any other zero-ability value for . What we have
assumed is that any good-buy opportunities that the active manager finds in the market are limited. If the hedge fund
could find true arbitrages, then « could be made as large as desired by taking zero-cost arbitrages at unlimited scale.



personal utility-adjusted value to the fees that is less than the market value.’
Four boundary conditions are required to solve this equation. Three of the boundary conditions for
the problem are
A(§(H,t), H, t)=0, A,(S, t)=0, and A(S,H,T)=E,(S,H)
P(S(H,t), H, t)=0, P,(S,%,t)=0, and P(S,H,T)=E,(S,H) (6)
I(S(H,t), H, t)=S(H,t), 1,(S,%,t)=0, and I(S,H,T)=%,(S,H).
The first conditions indicate that when the asset value falls to the liquidation level, S(H, t), then the investor
will withdraw all his money and there are no further costs or fees. The second conditions say if the high-
water mark is very high relative to the asset value, then there is little chance of ever receiving an incentive
payment, so a change in the high-water mark will not affect the value of the fees or the investor’s claim. The
third conditions apply the contractual sharing rules at the maturity of the management contract, T. Invariably,
these hedge funds have no contractual termination, so such a boundary condition would not apply.
A fourth condition applies along the boundary S = H. When the asset value rises above the high-
water mark to H + &, the high-water mark is reset to H + &, and a performance fee of ke is paid, reducing the

asset value to H + &1 — k). Therefore, P(H+ g H,t) =ke+ P(H+ e— ke H+ g t) or

ke=P(H +¢,H,t)—P(H +¢—ke, H +6,t)z[ke@—e£} @)
oS oH | _,,..
In the limit, as £ — 0, this is exact, giving the fourth boundary condition
[ka—P—a—P} =k . (8)
oS oH |,

This condition applies to both the total value of the fees and the performance fees alone. The boundary
conditions for the regular annual fees and the investor’s claim are [k-0A/0S — OA/OH] lsen =
[k-01/0S — Ol/6H] | s=1 = 0, because these claims do not receive the performance payments.

To obtain a closed-form solution for the present values, we make several simplifying assumptions:

" See Ingersoll (2002) for a discussion of subjective pricing and an analytical model in the context of incentive options.
Applying those results to this model, the valuation equation for a fund manager with a relative risk aversion of & who
holds the fraction & of wealth in the hedge fund with a residual variance (relative to the market) of v2 would be

_W(S,H,t)+c’8j i
S H
+f, +A(S,H, [, (S,H,t) = f]1-[r - &*V*]f + D(S,H,1).

0=10S"fg +[[r+a—EV*1S —W(S,H,t) —cS | f +[g

The analysis and numerical results of this paper are still valid with the modified parameters r — r — £5°v? and ¢ — ¢ +

EN1- OV,



(i) The liquidation level is a constant fraction of the high-water mark, S(H, t) = bH.

(ii) Withdrawals are proportional to asset value W(S, H, t) = wS.

(iii) The premium return, o, and probability of liquidation are constant, A(S, H, t) = 4.

Since withdrawals, liquidation, and the premium were the only time-dependent features of the
problem, the present value function f no longer depends explicitly on time under these assumptions, and f; =
0. Furthermore, it is clear by the economics of the problem that f is now homogeneous of degree one in S and
H, so the solution has the form f(S, H, t) = HG(x), where x = S/H. Substituting this and the derivatives fy= G
—XGy , fs= G4 and fss = Gy /H into (5) gives an ordinary differential equation8

16°%°G, +(r+a+c' —g-c)xG, —(r+c' —g+w+2)G+6x=0, (9)
where =0forf=P, 8=cforf=Aorf=F,and d=w + A for f = I. As well as simplifying the solution, this
differential equation provides insight into the effects of different parameters.

There are ten parameters in the valuation equation: r, «, and o are environmental; k, ¢, ¢/ and g are
contractual; and w, A, and b are actually endogenous choices, which we have assumed here to be constant.
The first two “choice” variables enter the solution in a symmetric fashion; an increase in the withdrawal rate,
w, is exactly the same as an increase in the probability intensity of liquidation, A. In other words, for our
model, withdrawing funds at the constant rate w has exactly the same effect on the present value as a
probability w per unit time of withdrawing all the funds. Therefore, it will be simplest to just think of w + 4
as the effective withdrawal rate.

Similarly, the parameters r, ¢, and —g have symmetric effects. An increase in the interest rate is
equivalent to a contractual decrease in the growth rate of the high-water mark. It is also equivalent to an
increase in the fees that are allocated to reducing the high-water mark. Note that an increase in ¢’ is an
accounting change that does not directly increase costs. It does, however, indirectly increase the present
value of future costs by lowering the high-water mark and thereby shortening the time until a performance
fee is charged. An increase in c”or a decrease in g are therefore like an increase in r, which increases the
risk-neutral expected rate of growth in the assets, which also shortens the expected time until a performance
fee is charged.

The solution to this equation is G(x) = &/(c + w + 4 — a) + Ax” + Bx”, where A and B are constants

of integration and yand 7 are the larger and smaller roots of the characteristic quadratic equation; i.e.,

& When the contractual growth rate in the high-water mark, g, is not zero, it is usually set equal to the interest rate. For
these contracts, equation (9) does not depend on r. Therefore, in such cases, the formulas below would hold even with a
stochastic rate of interest, provided that the other variables like «, w, and A do not depend on r.
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Use of the positive and negative signs gives yand 7, respectively. Note that <1< .

The values of the total fees, performance fees, and the investor’s claim are
— — 1-n
F(S,H)= c S W+ A-—a)k+[n+k)—-1]cb 1rgr
CtW+A-a  (c+w+A-a)|{y+k)-1-b""[nlL+k)-1]}
1l1a
_ b’ "(W+ A — a)k +[y(L+k) —1]ch"” Lnan (t1a)
(c+w+A—a){y(+k)—1-b""[nl+k)-1]|
-yQr _pr-1Hl-ngn
P(S,H)=k H 'S b_ H 'S (11b)
yL+k)-1-b""[nQ+k)-1]
— — -7
1(S,H) = W+ A S W+ DKk +[nLl+k)-1](c— )b gy

CHWtA-a  (CH+W+A-a)|{yL+k)-1-b""[n(l+k)-1]]

L DWW Dk + [+ k) 1 - a)b*”
(C+w+A—a){y(@+k)-1-b""[nl+k)-1]|

(11c)

I-ngn

The present value of the annual fees is then A(S, H) = F(S, H) — P(S, H).
To gain a better understanding of the solution, it is helpful to look at the simpler problem when there
is no liquidation due to a drop in the asset value; i.e., b = 0. In the absence of a lower liquidation barrier, the

present value of the performance fees alone and all the fees are

kH ,
F(SHy=— & g, Wriza K gy

C+wW+A-a Cc+wW+A-a y(l+k)-1

The first factor in P(-), kH/[{1+k)—1] measures the present value of the performance fee at the
inception of the fund (or whenever S = H). The factor (S/H)” is the reduction in the present value of the
future performance fees due to the time required before the asset value reaches the high-water mark and they
can be earned; that is, (S/H)” is the present value of $1 paid the first time the stock price rises from S to H.°
The product of these two factors gives the present value of the performance fees at any level of asset value.

As discussed earlier, the effective withdrawal rate of the investor is w + 4, so in the absence of a

performance fee, the present value of the perpetuity of the regular fees would be proportional to the fraction

® See Ingersoll (2000) for a discussion of the valuation of these contracts known as first-touch digitals. The first-touch
digital in (13) is a combination of the simple first-touch digitals for hitting H and bH, whose values are (S/H)” and
(S/bH)”.



that the fees are of all outflows adjusted for the premium return, c¢/(c + w + 4 — &). With a performance fee,
the present value of the perpetuity of regular fees is this same fraction of the asset value net of the
performance fees. So the value of the regular annual fees is A(S, H) = [c/(c + w + A — @)][S — P(S, H)]. The
total value of the fees is the sum of these two quantities.

Now we return to the case when the fund is liquidated when the asset value falls to bH. A similar
interpretation can be given. The present value of $1 paid the first time the stock price rises from S to H
without first hitting bH is
(S/H) —b"™"(S/H)"

T(S;H|S,;, >bH)= o~ (13)
The value of the performance fees at the inception of the contract (when S = H) is given in (11b) as
_hrn
P(H,H)=kH 1-b (14)

[y(@+k) -1 -b""[n+k)-1]
The value of the performance fees at any other stock price S is this initial value of the performance fees

multiplied by the present value function in (13); that is, P(S, H) = Z(S, H; | Smin > bH)xP(H, H). The value of

the regular annual fees is the fraction c/(c + w + 4 — @) of S — P(S, H), less an additional first-touch
correction to account for the cancellation of the regular fees when the stock price hits bH.
The total value of the assets under management; i.e., the value of the fees and the investor’s claim
together is
C+w+ A1

F(S,H)+I(S,H)=——S
C+W+Al—-«

. K —[n(L+k)—1]b*"
(C+w+A—a){y(+k)-1-b""[nl+k)-1]|
b7k — [y (L+k) —1]b*”
+a
(C+w+A—a){y@+k)-1-b""[n+k)-1]|

H7s? (15)

HY"S”

This is value based upon knowing the managers’ superior performance and, therefore, is more than the value
of assets under management, S.
In the absence of performance fees, the expected rate of growth of the funds under management

would be x — ¢ —w — A. The total expected payout at time tis (c+w+ A)E[S,] so the superior performance

would give an effective value to the managed assets of

EU:e‘”‘ (c+w+2)S, dt} =(c+w+ ﬂ)j: g HelurereAtg gt

1
_C+w+ A4 (16)

CCHWH+A-a
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This value exceeds the market value of the assets without management, S,'° and the value of the fund
computed in (15). The presence of performance fees affects the value, because they are removed from the
funds under management and no longer earn the premium, o.

In Section Il below, we provide some typical numerical values for the contract, after determining

relevant value for the parameters in the next section.

Il. Model Parameters

To address the question of what are reasonable parameter values for the valuation model, we turn to
the database of hedge fund returns used in Brown, Goetzmann, and Ibbotson (1999) (hereafter BGI). The
data are annual returns and fund characteristics gathered from the 1990 through 1996 volumes of the U.S.
Offshore Funds Directory. Offshore funds in the directory represent a substantial portion of the hedge funds

in operation and include most of the major managers.™

A. Fund Volatility

To estimate the fund volatility, we calculate the sample standard deviation for all funds. Of 610 hedge funds
in the sample, 229 have return histories exceeding two years. Of this group, the median and mean sample
standard deviation are 18.7 percent and 23.0 percent per year, respectively. There are two reasons why such
a small percentage of funds have enough data to calculate volatility. First, many funds have started recently,
so a large number of the extant funds have only a short track record. Second, the attrition rate for funds is
relatively high — about 20 percent of these funds fail each year. Since we are effectively conditioning upon
fund survival, we are presumably losing the funds that had such poor returns that they failed in their second

year. This may bias our volatility estimate downward.

B. Withdrawal Rate, w, and the liquidation parameters, 1 and b

In our model, the payout policy w is a flow; however, it is unlikely that all hedge fund investors
conceive of it that way. A constant payout ratio is a reasonable assumption for certain institutional investors
such as university endowments and charitable foundations, which choose payout ratios as a matter of policy;

however, it may not be a reasonable assumption for the most common type of hedge fund investor —

1% Note that the total withdrawals from the assets, ¢ + w + A, must exceed the superior performance, «; otherwise,
the fund will have a residual value at infinity whose present value is infinite. A similar result is true with
performance fees, although the exact value of « for which this transversality violation occurs is higher and depends
on the other parameters as well, since the performance fees also limit the growth of the asset value.

11 See Brown, Goetzmann, and Ibbotson (1999) for a complete discussion of the coverage of the database.
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traditionally, a high-net worth individuals. Life-cycle issues are potentially important, and in addition,
modeling the conditional probability of withdrawal may be useful in determining a realistic value for w.

BGI estimate that the annual attrition rate for funds is 20 percent per year. This estimate is
conditioned upon the fund appearing originally in the annual database. Thus, it neglects funds that started
and disappeared before year end. Consequently, a fund must survive through the end of the year of its
inception to be counted. This would suggest that new funds have a probability of liquidation greater than 20
percent. By the same token, some of the largest funds, such as the Quantum fund, are long-lived. The 20
percent is not a dollar-weighted estimate of fund disappearance. Consequently, the probability of liquidation
might be lower than 20 percent on a dollar-weighted basis. In any case, individual investors may have
completely different “rules” for liquidation, which are not captured by the aggregate disappearance rate.

In addition, it is difficult to separately estimate A and b. Without information concerning the reason
for the liquidation from any given hedge fund, we cannot tell if the intention was to liquidate when the assets
fell to this level or if the liquidation was a chance occurrence (captured by A). And, of course, it is the
intentions and expectations of the participants that determine the pricing. It is our belief that most investors
expect to liquidate if the assets do not perform well. To cover as wide a range as possible, we look at
liquidations policies of b = 0, 0.5, 0.8. The value b = 0 corresponds to no asset-based liquidations. We
present these numbers mostly for the purpose of comparison.

We suspect that many investors (apart from the managing partners) would liquidate if the asset value
fell by 15 percent to 25 percent from their personal high-water mark. This corresponds to b = 0.85 to 0.75.
We report present values for b = 0.8. These numbers should be representative of the present value of the
management fee contract of a single hedge fund. They may not, however, be appropriate to measure the total
hedge fund cost for an investor who merely transfers his money to a different hedge fund when liquidating.
The middle value, b = 0.5, can be interpreted as giving the total present value to the investor of the
management fees from investing in a series of hedge funds. The investor withdraws his money completely
from hedge funds only when the value of the assets falls to 50 percent of the original investment’s high-

water mark.*?

C. Performance Fee, k, and Regular Annual Fee, ¢

The vast majority of the funds have performance fees of 20 percent. In 1996, this was true of 213 of

12 In fact, the numbers reported for b = 0.5 understate the present value of the costs of management fees under this
scenario. When the investor moves his money to a new hedge fund, he also “agrees” to lowering the high-water
mark to the current asset value. The effect of this adjustment is discussed in Section IV.
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the 301 funds. The fees ranged from zero to 42.5 percent. Regular annual fees are usually around one to two
percent. In 1996, 254 of the 301 funds had fees in this range, with the former being slightly more common.
The annual fee rates ranged from 0.5 percent to 6 percent. A natural question is what factors differentiate
funds on the basis of fees. We tried volatility, past performance, and fund size as predictors, and found none

to explain differences in performance fees.

I11. Interpretation of Model

Table | shows the present value of the management fees and costs as a fraction of the asset value for typical
parameter values r + ¢/ — g = 5 percent, k = 20 percent, ¢ = 1.5 percent, w + 4 = 5 percent and 10 percent, o = 15
percent and 25 percent, and b = 0, 0.5, and 0.8. The values of both fees types are increasing in S since the fees paid are
always in proportion to the asset value. The performance fee increases more than proportionally to S since the higher is
S/H, the shorter will it be until the high-water mark is hit again and the performance fee can be collected. The regular
annual fees are affected differently by the ratio S/H. When b = 0, the proportional value of the regular annual fees is
decreasing in this ratio, since any payment from the fund’s assets (like the performance fee) reduces the value of the
assets and hence the value of future regular annual fees. But, the former effect is stronger, and the value of the two fee
components together is increasing in the ratio S/H. When there is a liquidation barrier (b > 0), then the value of the
regular fees is increasing in the ratio for small values of S/H because hitting the barrier cancels all future fee payments
so a nearby barrier reduces the value of future fees. For the same reason, the total value of the fees and each component

separately is decreasing in the liquidation barrier, b.

Place Table | here

The value of the fees and of each component is decreasing in the withdrawal rate w + A4, since any
reduction in the asset value decreases the base on which these fees are paid. The value of the performance
fee is generally increasing in o, since they have option-like characteristics. The exception is when the asset
value is close to the liquidation barrier. An increase in o decreases the average time until the liquidation
barrier is hit and if the barrier is close, this effect dominates the other and the performance fees value is
decreasing in o. The value of the regular annual fee is decreasing in o. As ¢ increases, the average time
before the liquidation barrier or the high-water mark is hit decreases. Both of these events decrease future
annual fees, the former because the contract is canceled, the latter because the performance fee payment
decreases the asset value.

Due to the perpetual nature of the investment problem, the present values of the fees are very
sensitive to the withdrawal policy, w + A. As seen in Table I, an increase in the withdrawal rate from 5 to 10
percent decreases the value of the regular annual fees by about 40 percent and the performance fees by 30 to

50 percent (except with the highest liquidation barrier b = 0.8). The effect is stronger in percentage terms at
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lower volatilities, though the decrease in the dollar value of the fees is greater at larger volatilities. Notice
that for low asset volatility, the regular annual fee portion of the compensation is the dominant source of
value, particularly when the withdrawal rate, w + A, is small. This is not surprising, since the “option” value
is increasing in ¢ and the present value in perpetuity of the regular fees is decreasing in w. This suggests that
manager compensation contracts may separate according to the volatility of the strategies and investment
outflows.

The present value of the fees is a large fraction of the value of the assets under management. Even
with a sizable withdrawal rate, the fees can be expected to absorb one-fifth to one-third of the funds assets.
Whether the manager provides investment advice commensurate with these fees is addressed below. Of
course, even without a performance fee, the fraction of wealth paid as fees is very high. For instance, in the
simple case with no performance fee or liquidation barrier, costs and fees come to the fraction ¢/(w + A + ¢)
of the asset value. With a five percent payout and a 1.5 percent regular annual fee, this is 23 percent of the
asset value.*®* With a 20 percent performance fee, the cost of the regular annual fee drops to 20.1 percent, but
the performance fees are worth 13.1 percent bringing the total present value of the fees to 33.1 percent of the
assets under management. Thus, even low regular annual fees claim a non-trivial proportion of investment
assets.

Table Il gives the value of the regular annual fees, the performance fees, and the investor’s claim
when the manager provides a premium return of « = 300 basis points. The cases are the same as given in
Table I. The fees are worth more with a premium return because the assets will grow at a faster rate and both
provide a higher base on which the fees are paid and exceed the high-water mark more often. The total value
of the fees and the investor’s stake sum to more than 100 percent because the manager’s ability to earn a
premium return means the managed assets are worth more than their market value. Note that the values of
the fees are less with a higher withdrawal rate since this reduces the assets on which the fees are based.
Conversely, a higher withdrawal rate increases the value of the investor’s stake under most circumstances for
the same reason. However, when the investor’s portion by itself is worth somewhat more than the market
value of the assets, then reducing the withdrawal rate may increase the investor’s value since withdrawing

assets prevents the premium return, «, from being earned on them.

Place Table Il here

B3 Of course, the regular fee is not all profit to the manager. It must cover management expenses. For active
managers, these costs may be high. Even a low-cost equity index fund may have expenses of 40 basis points. With
the payout rule of 5 percent, index fund expenses translate into an eight percent fraction of the investor wealth. With
a payout ratio equal to current dividend yields, this fraction increases to about 13 percent.
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Similarly, unlike the case « = 0, a higher liquidation barrier is not always beneficial to the investor
when a premium is being earned. Withdrawing assets from the fund recovers the full asset value, but also
prevents any sharing of the future premium earnings. As shown in the first and second panels of Table II,
both the investor and the managers would prefer no liquidation (b = 0) to liquidating when the assets drop to
half the high-water mark. Obviously, the managers would prefer to close the entire fund and start a new one
(with H = S) assuming, less obviously, they could convince these or other investors to provide them with the
money. In addition, the decision to liquidate is actually endogenous and clearly depends on perceptions
about the excess performance to be provided. Once the assets drop to half of the high-water mark, the
investor may no longer believe that the managers can provide excess performance.

This also means that the high-water mark contract may create a type of lock-in for underperforming
hedge funds. Consider two hedge funds with the same parameter values as give in Table Il (w+1 = 10
percent, o= 15 percent, b = 0.5), but assume one hedge fund has an a of 2.5 percent and the other has an « of
three percent. Suppose an investor holds $70 million in the lower performing fund with a high-water mark of
$100 million. His position is currently worth $70.40 million. If he moved it to the better-performing fund and
could keep the $100 million high-water mark, it would be worth 1.0467x$70 million = $73.3 million.
However, moving the money to a new fund would establish a new high-water mark of $70 million so, in the
new fund, the assets would be worth only 1.0016x$70 million = $70.11 million. This decrease in the value is
due to the write-down of the high-water mark and is what creates the lock-in.

How does a high-water mark contract compare to a simple, regular annual fee contract? Absent any
incentive differences induced by the contracts, it is possible to characterize the trade-off between a higher
regular annual fee and the performance fee that gives a fixed total fee value of F. This comparison should be
made at the inception of the contract when S = H. Solving (11a) for the performance fee, k, gives
@-b""M(w+A+c—a)Q-F/S)

k(F)= — . o
(W+A—a)L-b"")=cb""(y — ) =[5 (c+ W+ A—a) —c](y - b))

1, @17

which, along with the regular annual fee, c, is the compensation required to make the total of the fees worth
F. Assuming that investors are indifferent among contracts that cost the same, this fixed point provides a
measure of the trade-off between the two fee types.

Table 111 shows the tradeoffs for a representative set of parameters for a benchmark case of a
contract with a 20 percent performance fee, a 1.5 percent regular annual fee, and no superior performance.
The table shows the fee structures that would have the same present value for various withdrawal rates and
volatilities. For example, with a withdrawal rate of five percent, a volatility of 15 percent, and no liquidation,

the benchmark incentive contract has the same cost as a one percent regular annual fee contract with a
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performance fee of 31.24 percent or a 2 percent regular fee and a 9.44 percent performance fee. This trade-
off is valid at the inception of the contract (or whenever S = H); when the asset value is below the high-water
mark, then the incentive contract has a smaller value so the performance fee, k, would have to be larger.

However, the comparison is properly made at the inception of the contract when S is equal to H.

Place Table Il here

As shown in the table, this trade-off is dramatically affected by the volatility of the assets and the
possibility of liquidation, but not so much by the withdrawal policy w + A. With asset volatility at 25 percent,
the investor would be willing to pay a 27.62 percent performance fee to reduce the regular annual fee to one
percent. If the contract were to be liquidated if the asset value fell to half the high-water mark, the investor
would be willing to pay a 29.02 percent performance fee to reduce the regular annual fee to one percent.

An important question for both the investor and the manager is how large a performance fee is
justified by a given level of performance. The active manager's contribution will just merit its cost to the
investor if the value of the investor’s claim equals S when the contract commences. Therefore, the excess
return required to make the investor indifferent about entering into the compensation contract at the start of
the fund is the solution to I(S, S) = S. Using (11c) to solve I(S, S) = S for k gives the maximum high-water

performance fee justified by a particular a. This is
_ _ 1-7 _ 7=
WV o G () e U | 18)

7= = = 1)
a—C

Equation (18) gives the maximum performance fee rate. Hedge funds may well charge less than this. If
different hedge funds compete for the same capital, they may charge substantially less than the rates indicated here. In
particular, if investment capital is a scarce resource relative to potential hedge fund managers, virtually all benefits of
the hedge funds may go to the investors. Then, managers might be earning fees only just sufficient to draw them into
the business.

Table IV shows the maximum performance fee justified by a given « for different levels of asset
volatility and withdrawal policies. The justified fee rate is decreasing in o, since for a given rate, the value of
the fee is larger for a larger volatility due to the option characteristic of the valuation equation. When the
withdrawal rate increases, the performance required to compensate the investor at a given fee also increases.
It may seem strange that better performance is required with higher withdrawal rates, but recall that «
measures the extra return per unit time. With a higher withdrawal rate, the funds are managed for a shorter

period of time on average, so a high per-period premium must be earned to offset the fee discount in value.

Place Table IV here
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For an asset volatility of 15 percent, the required excess return is 300 to 400 basis points to justify a
performance fee of 15 to 20 percent. For an asset volatility of 25 percent the excess return required to justify
a performance fee of 20 percent ranges from 350 to 750 basis points.** This is certainly within the range of
the performance provided by many hedge funds, at least in the early 1990s. Whether it is consistent with
investors’ beliefs ex ante is more difficult to determine.

Although it seems natural to identify the manager’s contribution in terms of a positive additional rate
of return (i.e., an alpha), this might not be the appropriate way of considering the benefits to investing in a
hedge fund. The benefits expressed by alpha are linear in the capitalization of the fund, but hedge funds
might in fact provide decreasing returns to scale. An alternative way of thinking of hedge funds is that they
are firms that can capture a fixed amount of “arbitrage” profits in the economy. In other words, they have a
limited net present value. The choice of how to finance this venture is a capital structure decision. From this
perspective, the issuance of additional shares has a diluting effect on the outstanding claims — investors
simply divide a fixed pie of arbitrage gains. In this framework, new money — i.e., a positive flow of funds
into the account from new investors — has only limited attraction to the hedge fund manager. It benefits him
only to the extent that he is unable to borrow the funds his activities require or to the extent that he fears

bankruptcy through a margin call.

V. Extensions to the Model

The model developed here can be extended in many ways to capture additional features of interest.
Many people have claimed that the convex payoff structure in hedge funds fees creates an incentive for the
managers to take on excess risk and, in particular, to take on more risk when the asset value is substantially
below the high-water mark. Carpenter (2000) has proven this is optimal behavior when the compensation is
with an option-like payoff based on the portfolio’s terminal value.

If the fee structure induces the manager to alter the portfolio, the volatility of the managed assets
may not be constant but vary systematically with asset value. Rather than assume a particular functional
form for the managed volatility, we adopt a simple but general approach that allows the managed volatility to
have a wide variety of forms. We divide the range S € (bH, H) into N regions ¢, 1H < S < {H with & =b

and ¢y = 1. The volatility can be different in each region

Y If the hedge fund is compared to a passive investment with fees or other costs like an index fund, then a more
appropriate measurement of required superior performance might be o less these fees. Typically, costs for index
funds are very low. For example, VVanguard Index Trust has costs of less than 20 basis points.
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o(S,H)=0, for ¢ ,<SH<Z, . (19)
If Carpenter’s (2000) analysis applies, then we should find o large for the very low regions of asset value;
however, we permit any relations amongst the various values of the volatility.

The value of the investor’s claim and the various components of the fees still satisfies the same
pricing equation with the same general solution in each range. The parameter o is of course different in each
solution. The lower boundary condition for the first region and the upper boundary condition for the highest
region are as before. The extra boundary conditions are that the functions and their first derivatives must

match across each change of region. For example, the boundary conditions for the total fees are

F,(H,H)=0 {kGFN(S,H)_aFN(S,H)} D
oS oH . o0
F(CHH)=F,,(cHH)  SGHP - ohaG.H)
aS S=¢H aS S=¢,H

The boundary conditions for the performance fees alone are the same. The region-matching boundary
conditions for the investor’s claim are also the same. The first and second boundary conditions for the
investor’s claim are 1;(bH, H) = bH and [01\/0S — Oln/0H]|s=n = 0.

The value of the annual fees, performance fees, total fees, and investor’s claims in the nth region are

A H)=—— S+ KAHIS" + BAHE 7S
C+W+A-a
P.(S,H)=K H""S"" + BTH* ™" 1)
F.(S,H)= A (S,H)+P,(S,H)
1L(S.H)=—WF A g KIH s 4 BIHY RS
C+W+A-«a

The parameters j, and 7, are given in equation (10) for the various values of o,. The constants of integration

are
(KB} KJ,B),....K2 Bl =M™m’, (22)
where mAz_—C(b,O,...,k)’ m" =(0,...,0,k)’
C+W+Al-«a
1 '
m=———(b(c-),0,...,—k(W+ 1
c+w+/‘t—a(( @) ( ))
and
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This valuation of the fees permits an analysis of the incentives to manage volatility.

When there is no lower boundary liquidation (¢, = b = 0), then the solution to (21) shows that the
value of fees is higher in all regions for larger volatilities. However, in this case, there is also no incentive to
micro-manage the volatilities. The volatility in each region should be set as high as possible if the goal is to
maximize the present value of future fees.

When there is liquidation at low asset values (o = b > 0), then volatility should be managed. In
particular, since the fee value is zero at liquidation, the volatility should be reduced as the asset value drops
near the liquidation level to ensure that liquidation does not occur. At higher asset values, a larger volatility
should be adopted to increase the value of the performance fee based on the high-water mark (again
assuming a goal of fee value maximization). This conclusion is inconsistent with that of Carpenter (2000) in
which volatility goes to infinity as asset value goes to zero.

For example, consider a hedge fund with two regimes; the volatility differs when the asset value is
below or above 75 percent of the high-water mark (¢'= 0.75). If the withdrawal rate is w + 4 = five percent, b
= 0.5, and the other parameters are as given in Table 111, then the volatility should optimally be decreased to
8.6 percent from 15 percent when the asset value drops into the lower regime. If the volatility regime
changes at = 0.8 or 0.7 instead, then the lower regime volatility should be set to 9.2 percent or 7.8 percent,
respectively.

A similar procedure can be applied if the withdrawal rate or liquidation probability, w or 4, changes
with asset value or in response to performance. Of course, further analysis should be done to determine how
investors might choose these parameters endogenously.

We can also use this region-based method to determine the total cost of being invested in a series of
hedge funds. As mentioned in footnote 12, the implicit cost of investing in a first hedge fund exceeds the
present value of the fees paid to just that one fund if the money is to be withdrawn after poor performance
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and invested into a second hedge fund. When this transfer is made, the high-water mark for the new fund is
equal to the amount transferred, but the high-water mark of the fund from which the money has been
withdrawn is higher, and probably substantially higher since the reason for withdrawal is poor performance.
This step-down in the high-water mark is an additional cost facing the investor, because performance fees
will be owed when the asset value rises above the high-water mark — something that occurs sooner with the
lowered high-water mark. The investor is willing to “pay” this additional cost since he presumably no longer
believes the second fund has an alpha that is sufficiently higher to justify it.

Suppose money is withdrawn from the first fund and invested into a second if the asset value drops
to b;H. Assume, for the moment, that the money will be withdrawn from this hedge fund and not reinvested
if the asset value drops further to the fraction b, of the new fund’s high-water mark. Then the present values
generated by this second fund are just the solutions as given before. We will refer to the investor’s claim as
I,(S, H; by). The present value of the investor’s claim while in the first fund, 1,(S, H), includes the step-down
cost of resetting the high-water mark. The factor I;(-) is the solution to the standard pricing equation™ as
well, with the boundary condition

I,(b,H,H;b,b,)=1,(bH,bH;b,), (23)
which is used in place of I(bH, H) = bH. The right-hand side of (23) is the present value of the claim on the
second fund when the investment is transferred and high-water mark is reset equal to the value of the money
transferred.

The present value of the investor’s claim when invested in the first of two funds with the same
parameters is

w+ A4

I (S’H):—S—i-K HY¥7S” + B.HY"S”
1 n )
C+W+A—«

k(w+ )b/ +[n(L+k) -1]¥

where K, =- (24)
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15 The withdrawal rate, costs, alpha, or other parameters can be different for the two funds. We use the parameters of
the second fund to determine I,(-). We use the parameters of the first fund in the partial differential equation to
determine the total present value from both funds, I;(-). The parameters of the second fund are captured in the total
value through the boundary matching condition.
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If the investor uses a series of more than two funds, then the same method is applied sequentially.
The present value of the benefits of the final fund are determined in the usual way. The present value of the
benefits of the last two funds are determined as just described with the boundary condition
Ina(bn_gH, H; bya) = In(bn_gH, by 4H; by). This procedure is repeated for all earlier hedge funds. In this case,

I.(-) represents the present value of the benefits of the n™ and all subsequent funds.

V. Incentives and New Money

Over the long term, the real compensation function of the manager depends on both the explicit
contract and implicit relation between performance and capital inflows. Because the technology of hedge
funds is different from that of mutual funds, the performance-flow relationship may potentially be different
from that observed in the mutual fund industry. In a stylized framework in which the hedge fund manager
identifies and exploits limited arbitrage-in-expectations opportunities, capital can be put to profitable use
without incurring systematic risk only up to a point. Beyond that point, presumably the manager has no
comparative advantage. A natural question is whether a performance fee structure might induce the manager
to accept investment beyond the point at which the capital can be used efficiently. While a high regular
annual fee and performance fee might tempt such behavior, it may be difficult for a manager to conceal the
risk characteristics of the portfolio for long. Increasing systematic risk exposure by a hedge fund would
presumably indicate that the limits to skill at pure arbitrage in expectations have been reached. Performance
fees may exist to offset a possible negative relationship between performance and capital inflow.

Do hedge funds take new money when they do well? If the manager’s technology were linear, then
on balance, more money would be welcome at any time. If, instead, there is a declining schedule of
profitable arbitrage opportunities, then new money would be accepted when the fund decreased in scale,
rather than when it grew, at least for large funds. To test the hypothesis that hedge fund managers do not
accept new money when they do well, we examine the relationship between flow of funds and past
performance for hedge funds by regressing net fund growth on lagged return in cross section. If managers
accept new money after a good year, and/or investors pull out of poorly performing funds, we would expect
to find a positive regression coefficient. On the other hand, if managers refuse new money after a good year,
and seek additional funding after a bad year, then we would expect to find a negative regression coefficient
on past returns. We define net fund growth as the increase in net asset value of the fund due to the purchase
of new shares, as opposed to the investment return of the fund. This requires us to make the simplifying

assumption that new shares are purchased only at the beginning of the year — purchases during the year will

21



be interpreted as investment return.’® Another problematic issue is survivorship. Although we have defunct
fund data, we must make some assumption regarding the fund outflow in the year of its disappearance. We
address survival issues by assuming a 100 percent outflow in the year a fund closes. We control for year
effects by performing the regression separately for each year, and also by including year dummies for the

stacked regression.

A. New Money Regression Results

Besides estimating a single linear response, we also consider how the response differs depending
upon past fund performance. Following Sirri and Tufano (1992) and Goetzmann and Peles (1997) we
examine the differential response of new money to past returns via a piecewise linear regression. We
separate fund return in cross section into quintiles each year, and allow the coefficients to differ across
quintiles. We test for the equality of the coefficients across quintiles via a Chow test. The results for the
single response regression are reported in the first panel of Table V, and the results for the piecewise
regression are reported in second panel of Table V. The year-by year results for the piecewise regression are

reported in Table VI.

Place Tables V and VI here

The results from panel 1 indicate that new money responds negatively to past positive performance.
The response differs across quintiles of lagged returns, however. The best and worst performers have quite
different coefficients. Panel 2 shows that new money responds by flowing out of the poorest performers as
one might expect. The positive sign of the regression coefficient for the first quintile indicates that flows in
the subsequent period have the same sign as the returns in the preceding period. However, money also flows
out of the good performers. Funds in the top quintile show a negative response to positive performance.
These results are quite different from the pattern observed in mutual funds. Sirri and Tufano (1992),
Chevalier and Ellison (1995) and Goetzmann and Peles (1997), for example, all find money flows into top
performers and flows into poor performers as well. This is exactly the opposite of what we find for our hedge
fund sample. The negative response to top performance we find in the hedge fund universe provides some
support for the hypothesis that good performers may not readily accept new money.

Although a Chow test rejects equality of the coefficients across the quintiles, the t-statistics on the
smallest quintile in our sample are marginal at the 5 percent level, meaning we should be cautious about

interpreting the positive coefficient as strong evidence of a negative response to poor performance. In fact, in

16 When we assumed that money flowed in at the end of the period, the results were essentially the same.
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Table VI, the year-by-year regression results indicate that the pattern differs considerably over time.

B. Sorting on Size

Another approach to the issue of whether the technology of hedge funds is linear is to test whether
larger funds continue to take new money. We can address this question simply by sorting on size, and then
averaging a measure of new money. Table VII reports the results of this exercise. We break funds into size
quintiles in the first period, and then we average the net growth of the fund in the following period for each
quintile. We define growth slightly differently, under the assumption that money flows in at the end of the
period. As in the previous test, we find this change makes no difference in our results. Table VII shows that
the largest size funds have net cash outflows, while the smallest performers have net cash inflows. Unlike the
flow of funds regressions above, this pattern is relatively consistent throughout the period, with negative
flows for large funds and positive flows for small funds each year. The second panel of the table shows the
results of t-tests for each group, annually as well as in the aggregate — the extreme quintiles have means
different from 0. As in the previous test, this pattern is consistent with the story that well-capitalized funds
avoid taking new money. It differs in that it is also consistent with the hypothesis that smaller funds raise
capital. Since we did not sort on performance, many of the funds in the first quintile may be good performers

and thus able to raise new money, or stop funds from flowing out.

Place Table VII here

Taken together, the empirical tests suggest that hedge fund managers may behave differently from
mutual fund managers with respect to accepting new money. While mutual funds demonstrate dramatic
positive inflows into superior performers, this appears not to be the case with hedge funds. In addition, large
funds do not seem to grow at a rate as high as smaller funds — even when growth is measured in dollar
terms rather than percentage terms. We conjecture that this may be due to the limits of the investment
strategies employed by hedge fund managers. To the extent that they engage in “arbitrage in expectations,”

success creates its own limitations.

VI. Conclusion

Hedge funds are an interesting investment class with an unusual form of manager compensation. In
this paper, we provide a closed-form expression for the cost of a hedge fund manager contract and examine
its implications to both the manager and the investors. We also provide estimates of the typical parameter
values for the equation. The high-water mark provision creates a distinct option-like feature to the contract.

Our computed cost of the contract increases in the variance of the portfolio when the asset value of the fund
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is not far below the high-water mark. As a result, the manager has an incentive to increase risk, provided
other non-modeled considerations are not overriding.*’

Depending on the variance, the performance fee effectively “costs” the investors 10 to 20 percent of
the portfolio. Including the regular fees, the total percentage of wealth claimed by the hedge fund manager
can be between 30 and 40 percent. Investing with a hedge fund manager would only appear to be rational if
he or she provided a large, positive risk-adjusted return in compensation. In particular, we find that rational
investors would expect 200 to 500 basis points in additional risk-adjusted return (alpha) when they enter into
a hedge fund contract. Interestingly, BGI report that alphas for hedge funds over the 1989 through 1995
period are positive, and range from four to 8 percent annually. Consequently, hedge fund contracts may be
priced about right.

How exactly are we to interpret these valuation formulas? They were derived by standard
continuous-time pricing methodology. From the investors’ viewpoint, this can be interpreted as a Black-
Scholes hedging derivation, but generally the manager cannot do any form of delta hedging. Indeed, the very
form of the contract is no doubt designed to solve some complex agency problem. We have argued, though,
that it is probably best to think of the contract between the manager and the investor more as a way of
financing the firm than as an incentive contract for the manager. In that light, then, the exact contract form
will be a function of all of the different forces that impact corporate form, in addition to the usual culprits of
moral hazard and observability.

Despite these caveats, though, the valuation formulas do determine the cost to the market of
investing in the hedge fund, given any particular withdrawal policy. This permits us to derive the alpha
required to offset this cost. Alpha, in turn, is a function both of the manager’s abilities and of the incentives
implicit in the contract, so ours is a partial equilibrium analysis that takes a given contract form — the one
prevalent in the market — and examines the required alpha generated. Any exercise that changes the
parameters of the contract will generate a new required alpha. Candidate equilibrium contracts will be fixed
points in which this unanalyzed mapping from incentive contracts to alphas generates the same alpha as the
market cost of the contract, which we have derived. Furthermore, given the withdrawal policy, the valuations
we obtain describe the market (or risk-neutral) value to the manager. This is appropriate for a firm that offers
such a fund, but since the contract cannot be monetized without negating its incentive value, the actual value
to a risk averse manager would be lower.

In considering why high-water mark contracts exist in the hedge fund industry, we considered how

7 An obvious non-modeled feature is the effect of this increased risk on a risk-averse manager who cannot hedge or
diversify away the increased risk.
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hedge funds differ in terms of the product they offer. An analysis of the relative benefits of the regular
annual fee vs. the performance fee to the manager suggests that high variance strategies and strategies for
which the investors may pull out soon, lend themselves to high-water mark contracting. The relative value of
the regular annual fee portion on the contract decreases as the time until the investor’s withdrawal decreases.
Empirical evidence on the short half-life of hedge funds may explain why hedge fund managers choose to
use high-water mark contracts.

It has become nearly axiomatic in studies of the investment management industry that managers seek
to increase the size of assets under management. This presumes, however, that the benefits to investment in
the fund can be scaled up with the growth in net asset value. While our sample focuses on the off-shore
hedge fund industry, there are important regulatory limits to growth in the on-shore hedge fund industry.
Until 1996, the number of investors in a hedge fund was limited to 99. Recent regulatory changes have
increased this limit to 499 under certain conditions, but even this limit is likely to effectively cap the growth
in assets that a fund manager might expect. Hedge fund strategies are fundamentally different from “long”
asset portfolio strategies, however. Large sectors of the hedge fund industry have nearly zero “beta”
exposure. Many hedge funds use the invested money as margin for maintaining offsetting long and short
positions. Hedge fund managers are made up of event arbitrageurs, global macro market and debt market
speculators, pairs traders and opportunistic managers exploiting undervalued securities. They use leverage of
all types to exploit these opportunities — from short-selling equities to sophisticated debt repurchase
agreements. In this context, the dollar investment benefits the manager only to the extent that he is credit
constrained in his strategy. By their very nature, arbitrages in expectations are not infinitely exploitable.

Since it is not possible to directly investigate the relationship between scale and strategy payoff, we
use flow of funds, return, and size data from the hedge fund industry over the period 1989 through 1995 to
explore the issue of linear vs. non-linear returns to scale. Regression of net growth in fund assets on lagged
returns indicates that, unlike the mutual fund industry, the hedge funds show a net decrease in investment,
conditional upon past performance. We conjecture that this is due to the manager’s unwillingness to increase
the fund size. A sort on fund size, however, shows that small funds tend to grow (net of returns), while large
funds tend to shrink.

This pattern may help explain the usefulness of the high-water mark compensation to the hedge fund
manager. While mutual fund managers and pension fund managers can increase their compensation by
growing assets under management, hedge fund managers cannot. Thus, they must explicitly build in benefits
conditional upon positive returns, since they appear to resist net growth.

The implications of these results extend beyond the issue of the cost of compensation within an

important sector of the investment industry. The existence of high-water mark contracts may in fact be a
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signal to investors that the returns in the industry are diminishing in scale. Option-like incentive contracts are
scarce in the mutual fund industry and pension fund management industry, but are prevalent in the real estate
sector, the venture capital sector, and the hedge fund sector. Perhaps the compensation structure itself is
telling us that future returns in these asset classes depend crucially upon how much money is chasing a
limited set of unique opportunities.
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Value of fees and investor’s claim as a percentage of the asset value of the fund. Values are computed using
the formulas in (11). Parameter values are r + ¢’ — g = 5 percent, k = 20 percent, ¢ = 1.5 percent, « = 0, o
15 or 25 percent in left and right panels respectively, w + A = five or 10 percent in top and bottom panels,

Table |

Values of Fees and Investor’s Claim

respectively. The liquidation point is b = 0, 0.5, 0.8 in the three sections.

f(S.H) = F(S.H) _ [ L (W a-ak +[77_(1+ k) —1]cb*” (S/H)
S C+W+A—a y(Q+k)=1-b"""[n1+k)-1]
b (Wt A - @)k + [+ k) —TJcb" (S/H)“}
y(@+k)-1-b""[n+k)-1]
p(5,H) = POy _(STHYEZBTUSTHT i 1y S ASH) _ ¢(s 1)~ pes, 1)
S y(@+Kk)-1-b"""[n1+k)-1]
For a=0: i(S,H) =1-F(S, H)/S=1-1(S, H)
b=0
c=15% w+A1=5% c=25% w+ 1=5%

S/H Regular  Perform  Total S/H Regular Perform  Total

a(S,H) P(S,H) (S, H) a(S,H) p(S,H) (S, H)
1.0 20.1% 13.1%  33.1% 1.0 188%  18.6%  37.4%
0.9 20.4% 11.6%  32.0% 0.9 191% 17.2%  36.3%
0.8 20.7% 10.2%  30.9% 0.8 19.4%  158%  35.2%
0.7 21.0% 8.8% 29.9% 0.7 19.8%  143%  34.1%
0.6 21.4% 7.4% 28.8% 0.6 20.1% 12.8%  32.9%
05 21.7% 6.1% 27.7% 0.5 205% 11.2%  31.7%

c=15% w+A1=10% c=25% w+A1=10%

S/H Regular  Perform  Total S/H Regular Perform  Total

a(S,H)  P(S,H) (S, H) a(S,H) p(S,H) f(S,H)
1.0 11.9% 8.7% 20.6% 1.0 11.4%  128%  24.2%
0.9 12.1% 7.3% 19.3% 0.9 11.6% 11.4%  23.0%
0.8 12.3% 5.9% 18.2% 0.8 11.7%  10.0%  21.7%
0.7 12.4% 4.7% 17.1% 0.7 11.9% 8.6% 20.5%
0.6 12.6% 3.6% 16.2% 0.6 12.1% 7.2% 19.3%
0.5 12.7% 2.6% 15.3% 0.5 12.3% 5.9% 18.1%
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Values of Regular Annual Fees and Incentive Fees (cont)

c=15% w+ 1=5%

S/H Regular  Perform  Total
aiS,H) p(S,H) f(S,H)
1.0 17.30% 12.31% 29.61%
0.9 17.47% 10.82%  28.30%
0.8 17.22%  9.24%  26.46%
0.7 1599%  7.40%  23.39%
0.6 12.14%  4.85%  16.98%
0.5 0.00% 0.00%  0.00%
c=15% w+A1=10%
S/H Regular  Perform  Total
aiS,H) p(S,H) f(S, H)
1.0 11.05%  8.54%  19.59%
0.9 11.16%  7.06%  18.22%
0.8 11.04%  5.65%  16.69%
0.7 10.34%  4.25%  14.59%
0.6 8.01% 2.64%  10.65%
0.5 0.00% 0.00% 0.00%
oc=15% w+ A=5%
S/H Regular  Perform  Total
aiS,H) p(S,H) 1S, H)
1.0 3.73% 5.03% 8.76%
0.9 3.09% 3.11% 6.20%
0.8 0.00% 0.00% 0.00%
c=15% w+A1=10%
S/H Regular  Perform  Total
aiS,H) p(S,H) (S, H)
1.0 3.36% 4.61% 7.97%
0.9 2.79% 2.78% 5.57%
0.8 0.00% 0.00% 0.00%

0c=25% w+A=5%
S/H Regular Perform  Total
aiS,H) p(S,H) (S, H)
1.0 9.71% 13.62% 23.34%
0.9 9.74% 12.09% 21.82%
0.8 9.36% 10.29% 19.64%
0.7 8.24%  8.02% 16.27%
0.6 569%  4.91% 10.60%
0.5 0.00%  0.00%  0.00%
o=25% w+A1=10%
S/H Regular Perform  Total
a(S,H) p(S,H) f(S,H)
1.0 7.46% 10.97% 18.43%
0.9 7.49%  9.45%  16.94%
0.8 7.22%  7.81% 15.03%
0.7 6.40%  594% 12.33%
0.6 447%  356%  8.03%
0.5 0.00%  0.00%  0.00%
oc=25% w+A1=5%
S/H Regular Perform  Total
a(S,H) p(S,H) (S, H)
1.0 1.28%  4.36%  5.64%
0.9 1.03% 252%  3.56%
0.8 0.00%  0.00%  0.00%
oc=25% w+A1=10%
S/H Regular Perform  Total
a(S,H) p(S,H) 1S, H)
1.0 1.23%  4.23%  5.46%
0.9 1.00%  2.43%  3.42%
0.8 0.00%  0.00%  0.00%



Table 11
Value of Regular Annual Fees, Incentive Fees and Investor’s Claim
When Fund Has Superior Performance

Value of fees and investor’s claim as a percentage of the asset value of the fund. Values are computed using
the formulas in (11). Parameter values are: r + ¢/ —g = 5 percent, k = 20 percent, ¢ = 1.5%, =0, o= 15 or
25 percent in left and right panels respectively, and w + A = 5 or 10 percent in top and bottom panels,
respectively. The liquidation point is b = 0, 0.5, 0.8 in the three sections.

f(S.H) = F(S.H) _ 1 {CJF(W+/1—a)k+[77_(1+k)—1]cb1"7 (S/H)
S C+W+A—a y(@+k)=1-b"""[n@A+k)-1]
b (Wt A - )k + [y (@ + k) —T]cb" (S/H)ﬂl}
y@+Kk)-1-b"""[nl+k)-1]
p(S,H)EP(S'H): (S/H)“—bV_”(S/H)”1 a(S,H)EA(S’H):f(S,H)—p(S,H)
S y(@+k)=1-b""[n1+k)-1]
i(S,H) = I(S,H): 1 {WJJ_(w+/1)k+[77(1+lf)—1](c—0:)b1"7 (S/HY
S C+W+Al—-a y(L+Kk)=1-b"""[n+k)-1]
LD Ak k) e - )b (S/H)’H}
y(@+k)=1-b"""[n@+k)-1]
b=0
o=15% w+ A=5% o=25% w+ A=5%
S/H Regular Perform Total Investor S/H Regular Perform Total Investor
a(S,H) p(S, H) f(S, H) i(S, H) a(S,H) p(S,H) (S, H) i(S, H)
1.0 30.9% 27.9% 58.8% 103.1% 1.0 28.4% 33.7% 62.1% 94.8%
0.9 31.4% 26.6% 58.1% 104.8% 09 28.9% 32.5% 61.4% 96.4%
0.8 32.0% 25.3% 57.3% 106.7% 0.8 29.5% 31.3% 60.7% 98.2%
0.7 32.6% 23.9% 56.5% 108.7% 0.7 30.0% 29.9% 60.0% 100.1%
0.6 33.3% 22.3% 55.6% 110.9% 0.6 30.7% 28.5% 59.1% 102.2%
0.5 34.0% 20.7% 54.7% 113.3% 05 31.4% 26.8% 58.2% 104.6%
o=15% w+ A=10% oc=25% w+ A=10%
S/H Regular Perform Total Investor S/H Regular Perform Total Investor
a(S,H) p(S, H) f(S, H) i(S, H) a(S,H) p(S,H) (S, H) i(S, H)
1.0 15.1% 14.6% 29.7%  100.5% 1.0 14.3% 18.9% 33.2% 95.4%
0.9 15.3% 13.2% 28.5% 102.1% 09 14.6% 17.5% 32.1% 97.1%
0.8 15.6% 11.7% 27.3% 103.8% 0.8 14.8% 16.1% 30.9% 98.7%
0.7 15.8% 10.3% 26.1% 105.5% 0.7 15.1% 14.6% 29.7% 100.5%
0.6 16.1% 8.9% 25.0% 107.2% 0.6 15.3% 13.1% 28.4% 102.2%
0.5 16.3% 7.4% 23.8% 108.9% 05 15.6% 11.5% 27.1% 104.1%
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Table 11

Value of Regular and Incentive Fees and Shareholder’s Claim
When Fund Has Superior Performance (continued)

b=05

c=15% w+ A=5% o=25% w+ A=5%
S/H Regular Perform Total Investor S/H Regular Perform Total  Investor
a(S,H) p(S, H) f(S, H) i(S, H) a(S;H)  p(S,H) (S, H) i(S, H)
1.0 28.15% 26.18% 54.32% 101.97% 1.0 13.48% 20.88%  34.36% 92.60%
09 2854% 24.86%  53.40% 103.68% 0.9 1356% 19.38% 32.94% 94.18%
0.8 28.61% 23.24% 51.84% 105.37% 0.8 13.16% 17.36% 30.51% 95.80%
0.7 2759% 20.83%  48.42% 106.76% 0.7 11.81% 14.37% 26.18% 97.44%
0.6 2260% 15.86% 38.47% 106.74% 06 839% 943% 17.82% 98.96%
0.5 0.00% 0.00% 0.00%  100.00% 0.5 0.00% 0.00% 0.00% 100.00%

o=15% w+ A=10% o=25% w+ 4A=10%
S/H  Regular Perform Total Investor S/H Regular Perform Total  Investor
a(S,H) p(S, H) f(S, H) i(S, H) a(S,H)  p(S,H) (S, H) i(S, H)
1.0 1450% 14.34%  28.84% 100.16% 1.0 945% 1529% 24.74% 94.16%
09 1471% 12.90% 27.60% 101.81% 09 951% 13.79% 23.29% 95.72%
0.8 14.75% 11.38% 26.13% 103.38% 0.8 9.25% 12.00% 21.24% 97.25%
0.7 1429%  9.62%  23.91% 104.67% 0.7 834% 9.67%  18.02% 98.67%
0.6 11.87%  6.96% 18.83%  104.91% 0.6 6.00% 6.22%  12.22% 99.78%
0.5 0.00% 0.00% 0.00%  100.00% 0.5 0.00% 0.00% 0.00% 100.00%

b=0.8

o=15% w+ 1=5% c=25% w+ A=5%
S/H Regular Perform Total Investor S/H Regular Perform Total  Investor
a(S,H) p(S, H) f(S, H) i(S, H) a(S;H)  p(S,H) (S, H) i(S, H)
1.0 4.85% 7.26% 12.11%  97.59% 1.0 140%  4.95% 6.36% 96.45%
09 4.13% 5.03% 9.16%  99.10% 09 115% 3.01% 4.16% 98.13%
0.8 0.00% 0.00% 0.00%  100.00% 0.8 0.00%  0.00% 0.00% 100.00%

o=15% w+ A=10% o=25% w+ 4A=10%
S/H Regular Perform Total Investor S/H Regular Perform Total  Investor
aS,H) p(S, H) f(S, H) i(S, H) a(S;H)  p(S,H) (S, H) i(S, H)
1.0 4.23% 6.43% 10.66%  97.80% 1.0 135% 4.79% 6.14% 96.56%
09 3.61% 4.34% 7.96%  99.27% 09 1.10% 2.88% 3.99% 98.22%
0.8 0.00% 0.00% 0.00%  100.00% 0.8 0.00%  0.00% 0.00% 100.00%
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Table 111
Regular Annual and Incentive Fee Trade-offs

Incentive and regular annual fee combinations that have same value when the asset value is at the high-water mark, as given in equation (17).
Parameter values are: r + ¢’—g = 5 percent, « =0, o= 15 or 25 percent and w + A =5 or 10 percent, b = 0, 0.5, and 0.8

AL-b" ") W+ A+c—a)l-F/S)

k(F)= - -1
W+ 24— a)(L-b"") =cb™"(y - ) =[5 (c+ W+ A— ) —c](y —b" ")
b=0 b=05 b=0.8
W+ A=5% w+A=10% W+ A=5% w+ A=10% W+ A1=5% w+A=10%
c o=15% o=25% o=15% o=25% o=15% o=25% o=15% o0=25% o=15% o=25% o=15% o=25%

4.00%  -25.62% -1158% -21.33% -8.23% -16.53% 0.42% -16.64% 0.14% 0.96% 11.19% 0.65% 11.18%
3.75%  -2187% -8.88% -17.86% -576% -13.49% 2.19% -13.58% 1.93% 269% 12.03% 241% 12.03%
3.50%  -17.94% -6.08% -14.26% -3.22% -10.33% 3.99% -10.39% 3.77% 446% 12.88% 4.20% 12.88%
3.25%  -1383% -3.19% -10.50% -0.60% —-7.03% 584% -7.07% 5.64% 6.27% 13.74% 6.03% 13.74%

3.00% —9.54% -0.19% —-6.59% 2.10% -359% 7.73% -3.61% 7.56% 8.11% 14.61% 7.91% 14.61%
2.75% -5.07% 291% -2.54% 4.87% -0.02% 9.67%  -0.03% 9.52% 9.99% 1549% 9.82% 15.48%
2.50% —0.41% 6.11% 1.67% 7.73% 3.70% 11.64% 3.70% 11.52% 11.91% 16.37% 11.77% 16.37%
2.25% 443%  9.42% 6.03% 10.67% 7.56% 13.66% 7.56% 13.57% 13.87% 17.27% 13.76% 17.26%
2.00% 9.44% 12.84% 10.53% 13.69% 11.56% 15.73% 11.57% 15.67% 15.87% 18.17% 15.80% 18.17%

1.75% 14.63% 16.36% 15.19% 16.80% 15.71% 17.84% 15.71% 17.81% 17.92% 19.08% 17.88% 19.08%
1.50% 20.00% 20.00% 20.00%  20.00% 20.00% 20.00%  20.00% 20.00%  20.00% 20.00% 20.00% 20.00%
1.25% 25.53% 23.75% 24.96% 23.28% 24.44% 22.21%  24.43% 22.24% @ 22.13% 20.93% 22.17% 20.93%
1.00% 31.24% 27.62% 30.06% 26.66% 29.02% 24.46%  29.01% 2453%  24.30% 21.87% 24.38% 21.87%
0.75% 37.10% 31.60% 35.31% 30.12% 33.76% 26.76%  33.73% 26.87%  26.51% 22.82% 26.63% 22.82%
0.50% 43.11% 35.69% 40.70% 33.67% 38.63% 29.12%  38.59% 29.26%  28.77% 23.77% 28.94% 23.78%
0.25% 49.28% 39.90% 46.23% 37.32% 43.65% 31.52%  4359% 31.70%  31.07% 24.74% 31.29% 24.75%
0.00% 55.60% 44.24% 51.90% 41.05% 48.81% 33.98%  48.74% 34.20%  3342% 25.72% 33.68% 25.72%
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Table IV
Maximum Incentive Fee Consistent with a Given Level of Superior Performance

The maximum incentive fee justified by a given level of superior performance as given in equation (18). Parameter values are: r + ¢’ —g = five percent, ¢ =
1.5 percent, o= 15 or 25 percent, w + A = five or 10 percent, and b = 0, 0.5, and 08..

1-y+(—mb™ "+ (n-1)b""

k@) = w+ A
Y= = =g = 1)
a—C
b=0 b=0.5 b=0.8
w+ A=5% w+ 1=10% w+ A=5% w+ A1=10% w+ A=5% w+ 1=10%

a c=15% o=25% o=15% o=25% 0=15% oc=25% o=15% o=25% o=15% o=25% o=15% o=25%
2.0% 7.33% 5.25% 6.70%  4.65% 6.98%  3.85% 6.49%  3.68% 400% 1.62%  3.94% 1.61%
2.5% 1491% 10.71% 13.63%  9.47% 14.27%  7.87% 13.25%  7.50% 8.18%  3.27%  8.04% 3.25%
3.0% 22.69% 16.39% 20.77% 14.47% 21.83% 12.06% 20.26% 11.48% 12.54%  4.96% 12.33% 4.93%
3.5% 30.67% 22.27% 28.12% 19.65% 29.65% 16.42% 27.51% 15.61% 17.08%  6.68% 16.79% 6.64%
4.0% 38.82% 28.36% 35.65%  25.00% 37.70% 20.96% 34.98% 19.90% 21.82%  8.44% 21.43% 8.38%
4.5% 47.13% 34.64% 43.36% 30.52% 4595% 25.68% 42.64% 24.36% 26.75% 10.23% 26.27%  10.17%
5.0% 55.58% 41.10% 51.22% 36.20% 54.38% 30.59% 50.49% 28.97% 31.89% 12.07% 31.30%  11.98%
5.5% 64.15% 47.75% 59.24% 42.05% 62.98% 35.68% 58.51% 33.76% 37.23% 13.94% 36.52%  13.84%
6.0% 72.84% 54.56% 67.38% 48.05% 71.71% 40.96% 66.68% 38.71% 42.78% 15.84% 41.94%  15.73%
6.5% 81.63% 61.54% 75.65% 54.21% 80.57% 46.44% 74.98% 43.83% 48.54% 17.79% 47.57%  17.66%
7.0% 90.51% 68.67% 84.03% 60.51% 89.52% 52.11% 83.40% 49.13% 54.52% 19.78% 53.40%  19.64%
7.5% 99.48% 75.95% 92.52% 66.96% 98.57% 57.99% 91.94% 54.60% 60.71% 21.81% 59.44%  21.65%

8.0% 108.52% 83.36% 101.10% 73.55% 107.70% 64.05% 100.57% 60.24% 67.13% 23.88% 65.70%  23.70%
8.5% 117.62% 90.91% 109.76% 80.26% 116.90% 70.32% 109.29% 66.06% 73.76% 25.99% 72.16%  25.79%

9.0% T 98.58% 118.51% 87.11% T 76.78% 118.09% 72.05% 80.62% 28.15% 78.84%  27.93%
9.5% T T 127.34% 94.08% T 83.44% 126.97% 78.22% 87.70% 30.35% 85.72%  30.11%
10.0% T T 136.23% 101.16% T 90.29% 135.91% 84.55% 95.01% 32.59% 92.83%  32.34%

T transversality condition violated.
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Table V
Net Fund Growth and Lagged Returns, 1990 - 1995

The table reports the results of two linear regressions of net fund growth on previous year returns. The growth
in net asset value of fund i in year t, Nj; , is defined as the new dollar cash flow into the fund (in millions) in
the year following the return observation. It is calculated as Ni; = NAV;4[(1+Gi)/(1+R;)) — 1], where NAVj; is
the fund net asset value in year t, R;; is the total return for fund i in year t, and G;; is the percent change in net
asset value for fund in the year. This assumes that money is only invested at the beginning of the year, and that
reinvested dividends are defined as growth. The form of the regressions are:

5
Ni,t+1=ﬂ0+2ﬂjlj +ﬂ6Ri,t +€i (a)
j=1

5 10
N =B+ 2.8+ 2 BR g+ (D)
j=1 q=6

Year effects (defined as differences from 1995) are captured by dummies I;. Coefficients on returns are
allowed to differ according to quintiles each year: R;.14 Where coefficients 6 through 10 capture quintiles 1

The table reports the results of two linear regressions of net fund growth on previous year returns. The growth
in net asset value of fund i in year t, N, , is defined as the new dollar cash flow into the fund (in millions) in
the year following the return observation. It is calculated as Ni; = NAV; 1[(1+Gy)/(1+R;) — 1], where NAV;; is
the fund net asset value in year t, R;; is the total return for fund i in year t, and G;; is the percent change in net
asset value for fund in the year. This assumes that money is only invested at the beginning of the year, and
that reinvested dividends are defined as growth. The form of the regressions are:

5
Ni,t+1:ﬂ0+2ﬂjlj + LR &, (a)
-1

5 10
Ni,t+1:ﬁ0+2ﬂjlj +ZﬂqRi,t,q TR (b)
j=1 q=6
Year effects (defined as differences from 1995) are captured by dummies I;. Coefficients on returns are
allowed to differ according to quintiles each year: Ri.14 Where coefficients 6 through 10 capture quintiles 1

Regression 1 Results
coef std.err t.stat p.value

Intercept -1.71 19.4 -0.08 0.92
1990 0.01 247 0.00 0.99
1991 10.56 23.4 0.45 0.65
1992 39.75 21.9 1.81 0.06
1993 -18.37 21.0 -0.87 0.38
1994 -16.83 21.1 -0.79 0.42

Return -62.28 24.0 -2.60 0.00

Multiple R-Square = 0.0306 N = 934
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Regression 2 Results

Intercept -7.104 20.4 -0.3484 0.7276
1990 14 _357 25.1 0.5709 0.5682

1991 18.254 23.4 0.7815 0.4347

1992 45_.338 21.9 2.0695 0.0388

1993 -19.063 20.9 -0.9116 0.3622

1994 -0.585 22.4 -0.0261 0.9792
Smallest 1 127.621 65.6 1.9450 0.0521
2 42.556 130.1 0.3272 0.7436

3 60.703 92.0 0.6601 0.5094

4 9.453 61.4 0.1541 0.8776

Largest 5 -112.260 27.9 -4.0292 0.0001

Multiple R-Square = 0.0491
Chow test of coefficient equality: F = 5.23, 3,872 p-value = .998
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