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Abstract:

This paper describes afinancid model that enables ingtitutiona investors to project future
ast values and cash flows for fundsin illiquid aternative asset classes such as venture
capital, leveraged buyouts, red estate, and natura resources. The modd incorporates
actud higorica informetion to provide a base for forecasts. Importantly, the model
dlows investors with a portfolio of aternative assets to assess the impact of changing
fund commitment levels and of varying assumptions regarding contributions,

distributions and underlying net returns.

lliguid Alternative Assats

[lliquid dternative assets have become an increasingly significant portion of
indtitutional portfolios as investors, most notably endowments and foundations, seek high
returns and diversfication relative to traditional stock and bond investments. Allocations
to non-publicly traded investments, including venture capita, leveraged buyouts, red
edtate and natural resource investments have grown from an average of 5.1% of
university endowmentsin June, 1990 to 13.3% as of June, 1999." Investment returns
from venture capitd, in particular, have been spectacular, often differentiating top
performing inditutiona funds from the rest of the pack.

Y de Universty has been an early and leading investor in non-publicly traded,
dternative asset classes with initid commitments to natura resourcesin 1950, leveraged
buyouts in 1973, venture capitd in 1976, and red estatein 1978. As of June 30, 2000,
Ydée sdlocation to these investments totaled more than 40% of its $10.1 billion
Endowment.

lliquid Alternative Asset Fund Modding

Fundsthat invest in illiquid assats present particular chalenges for portfolio
managers. Asset class dlocations depend not only on the level of commitment to
individud funds, but dso onthe rate and timing of managers drawdowns and
digributions. Effective management of aternative assets requires reasonably
sophiticated modeling of projected manager behavior.

' National Association of College and University Business Officers dollar-weighted universe as cited by
Cambridge Associates.
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Ingtitutions invest in dternative assets predominantly through commingled limited
partnership funds. The funds are raised every few years on ablind pool basis by genera
partners who actively invest, manage and harvest portfolio investments. At the onset of
the partnership, investors commit capita that gets drawn down over severd years by the
generd partner. The uncertain schedule of drawdowns, unknowable changesin the
vauation of the partnership’ s investments, and unpredictable distributions of cash or
securities to the limited partners combine to make it difficult to predict accurately the
future value of partnership interests. Nonetheless, because investors target a percentage
dlocation for illiquid dternatives that trandates into an asset value, some form of
projection must be employed. In addition, it is often helpful for the investor to estimate
expected future cash needed to meet capital commitments, as well as projected
digributions that would generate liquidity.

Prior to the mid 1990s, most indtitutiond investors were trying to increase their
relatively small and growing alocations to dternative assets. The U.S. stock market was
exceptiondly strong and investors were focused on reaching their target dlocationsto
dternative assts. At that time, smple rules of thumb relating commitment levelsto
expected asset vaues of funds were good enough. One common method for venture
capital wasto invest roughly fifty centsin each of a series of funds to achieve adollar of
ongoing value aggregated across funds. This method works in certain model
crcumstances, asillugtrated below, in which a series of $10 million commitments every
three years results in an gpproximate aggregate exposure of $20 million.

Commitments
Net Asset Vaue
25 Fund Y ear $$
| 0 10 million
20 \% Il 3 10 million
*: 15 i 6 10million
S I "l v \Y 9 10 million
F 107 V 12 10 million
51 |
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
01 2 3 45 6 7 8 91011 12 13 14 15
Year

Asdlocationsto dternative assats grew, however, the inability of these modelsto
make reasonabl e future projections became apparent. Seeking more accurate projections,
we created amodel in the mid 1990s which assumed future funds would have the same
pattern of capital contributions, distributions, and asset vaues as historical averages.
Thistype of modd, while superior to smple rules of thumb, sill had a number of
problems. For example, the “average’” fund experience varied greatly depending on the
time sample, railsing the question of which higtorica period upon which to base the
model. Many fundsraised in the early and mid 1980s had dismd returns with little
growth in asset values and delayed digtributions. On the other hand, venture capital funds



in the late 1980s and early 1990s exhibited strong performance and asset values
ggnificantly above capitd contributed. Y ae s venture capita funds exhibited marked
differencesin returns between time periods, as shown below.
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Venture Capital: Vintage Y ears 1984 - 1986* Venture Capital: Vintage Y ears 1990 - 1992* *
Cumulative Distributions Cumulative Distributions
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* sample size equals 6 funds
** sample size equals 8 funds

Prospective investment environments do not necessarily resemble any historica
period. For example, in the late 1990s venture capitalists drew down capitd a
unprecedented rates with unprecedented returns. Unlike earlier funds which drew down
capital over four to five years, funds raised in the late 1990s frequently werefully
invested within two years. Performance soared as well with many funds earning triple
digit rates of return. Higtorical datafrom any time period provided a poor template from
which to modd these funds.

New Modd

In 1998, faced with a need for better estimates of future vaues in making private
equity and real asset capital commitments, we set out to develop an dternative asset fund
projection modd which met severd criteria First, the modd should be smple and
sensible on atheoretical basis. Second, the model should be able to incorporate and
respond to actud capital commitment experience and current partnership asset values.
Third, the modd should be able to andyze the portfolio impact of varying return
scenarios and changing rates of investment and distribution. Fourth, the modd should be
useful for avariety of asset types.

Recognizing that the fund experience varied greetly depending on the time sample
and the investment environment, we initidly fit the sample mode to historical data, but
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then dlowed it to be adjusted as needed. The modd uses Six inputs to project capitd
contributions, digtributions, and net asset value.

Inputs  Description Outputs  Description
RC Rate of contribution C Capitd contributions ($)
CC Capitd commitment ($) D Distributions (%)
L Life of the fund (years) NAV Net asset vaue ($)
B Factor describing changesin the rate
of digribution over time
G Annua growth rate (%)
Y Yied (%)
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Capital Contributions

Rate of Contribution (RC)

In most cases, capital &%
contributions are heavily concentrated in I
thefirg few years of afund'slife. After Z, /
theinitid burgt of investment activity, g o
contributions to afund are made at a 2 o /
dedlining rate as fewer new investments g /
are made and follow-on invesments and = e
fees are spread out over a number of z o l
years. Asshown below, capita
contributions are calculated by o ;
multiplying the rate of contribution by cor e Ye;s oo

the remaining cgpitd commitment, or
theinitid capita commitment minusthe
sum of the paid in capita (PIC)".

Outstanding Commitment (CC - PIC)

100%

C) =RC) (CC—-PICy)) i

The graphs shown to the right use the \
fallowing inputs 25% contribution rate %
inyear one, 33.3% contribution ratein \
year two, and 50% contribution ratein

2%
subsequent years. K

pereTil ul wcunmubinenl

In the mode!, the sum of the capital e i s s oz
contributions never quite equas the Years

capitd commitment, afar forecast Snce

many funds never completely draw Contributions (C)

down dl capitd." 0%

25%

20% \

15% \

10% \

t-1

[¢]
PICy=a Cu
1] 0
Il Rather than specify adifferent rate of
contribution every year, we simplified the model
by separating the first two years of contributions

pervenl sl ol

. 5%
from subsequent years. Typically, we would \—
assume two similarly sized large contributionsin T ———
years one and two, and geometrically declining 0 2 4 6 8 o 12 w“
contributions in subsequent years. Years

" In fact, the model projects capital contributions
will persist ad infinitum, an obviously incorrect
expectation. However, the dollar amounts

involved areinsignificant aslong as RC is set at year 15 isless than one basis point of the capital
areasonable level. For example, if RC=25%in commitment. Once afund actually draws down
year one, 33.3% in year two, and 50% in the total capital commitment, the model adjusts

subsequent years, the projected drawdown in and assumes no further drawdowns.



Distributions

Digributions vary with the different stages of afund'slife. Inthe early yearsof a
fund, digtributions tend to be minimal as investments have not had time to be harvested.
The middle years of afund tend to have the most distributions as investments come to
fruition. Later years are marked by a steady decline in distributions as fewer investments
are |eft to be harvested.

Recognizing that the Sze and timing of distributions are based on the performance
of the fund, we established a distribution formula based on arate of ditribution (RD) and
the net asset value (NAV), as shown below.

D) =RD * [NAV .1y * (1 + G)]

The digtribution rate (RD) has two components: yield (Y) and redizations [(t/L)"B],
which occur as assets are sold or investments are harvested.

RD = Max [, (UL)"B]

For income generating asset types such asred edtate, the yield setsaminimum
digtribution level. For other asset types such as venture capitd, the yidd term often is
irrdlevant and set at zero.

Astime (t) passes, redizations will increase and overshadow the yield term (Y).
Inthelast year of the fund, when t equals the Life (L), the distribution rate reaches a peak
as 100% of the remaining asset vaue gets didributed. Despite the high distribution rate,
the dollar amount of the find digtribution typically will be fairly smal asthe net asset
vaue has declined sgnificantly in the later years of afund.

The bow (B) controls the rate a which the distribution rate changes over time. As
shown in the charts below, the higher the bow, the dower the initid increase of the
digtribution rate and the faster the later acceleration. The examples shown below assume
alifeof 12 and ayidd of O.
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Net Asset Value

Partnership vaues are affected by three variables: investment performance,
capitd inflows, and capitd outflows. I1n the modd, as shown below, the net asset value
(NAV) is cdculated by multiplying the previous year’ s net asset value by the projected
growth rate (G), adding contributions (C), and subtracting distributions (D).

NAV() = [NAV 1) * (1 + G)] + Crr) — Dy
A sample modd is shown below, using the following inputs: 13% growth rate, 12 year

life, 25% contribution rate in year one, 33.3% contribution rate in year two, 50%
contribution rate in subsequent years, abow of 2.5, and ayidd of 0%.

Net Asset Value Contributions Distributions
120% 0% 40%
H 100% g 2% E o =
: AR\ A H 7\
TN S = —
L E E / \
0% _.'! 15% _.'! 20% / \
* 0% / \ L 1% I \ f: 15%
-1/ \ N ‘o / \
[ 2% I % I i / \
) \ o 7 o ————————r .\. r
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14 0 2 4 6 8 0 2 1
Years Years Years
Tedting the Model

To test the model, we examined our four initid criteria (1) the modd should be
smple and sensible on atheoreticd basis; (2) the model should be able to incorporate and
respond to actud capital commitment experience and current partnership asset vaues, (3)
the model should be able to andyze the portfolio impact of varying return scenarios and
varying rates of investment and distribution; (4) the modd should be useful for multiple
asset types.

Themodd issmple and fundamental. The net asset vaueisincreased by
contributions and a growth rate (which equas the tota return net of management fees)
and decreased by digtributions. The basic patterns of the modd graphs of net asset vaue,
contributions and distributions conform to reasonable expectations of fund behavior. To
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verify our intuition, we compared the model to higtorica data. Shown below isthe modd
(thick black line) graphed againgt asample of Ydeé' s higtorica venture capita fund data
(shaded columns).” The inputs used for the mode are as follows: 20% growth rate, 20
yeer life, 29% contribution rate in year one, 30% contribution rate in subsequent years, a
bow of 1.2, and ayield of 0%.""

Net Asset Value Contributions Cumulative Distributions

100%
. 9% : 3% .
2 g0 3 T 200%T
4 70% ;l 25% ;I
3 6% 3 3 wso%r
3 50% 1 3 3
2 a0 ? 15% ERT
T 30%] T 1% 7
1 20%1 3 50%
£ EY 50 iy

10%

0% 0%

0 2 4 0 12 14 0 2 8 1 12 14
Years Years

In this example, using the mode’ s predicted cash flows to calculate an internd rate of
return results in a 20% return, equal to the assumed growth rate of 20%.

The modd incorporates and responds to actua capita commitment experience
and current partnership asset values. It can be updated each year with actua data,
dlowing it to adjust to current events. For example, the cgpitd commitment in any given
year is based on the outstanding commitment to afund, meaning that unusudly large
early capitd cdls diminish the amount of remaining capitd. Likewise, estimates of net
ast vaues and distributions are based on prior years data, allowing actua datato
influence future projections. An example of this adjustment processis shown below.

Net Asset Value Contributions Distributions
. 350% L 40% _ 300%
3 300% + 3 % I 250% T
1 30% T z
3 250% 3 x| = 200% 1
3 200% T 3 H
; : 20% T T 150% T
-4 150% T 4 et -
3 100% + 3 1o = 100% T
3 3 10% T ]
3 50%T 2 5yt I E 50%T
E /] € =
(04 0% 0%
1993 1996 1999 2002 2005| 1993 1996 1999 2002 2005 1993 1996 1999 2002 2005
1993Fund == 1993 Fund-- Projected ———BaseModel ==1993Fund == 1993Fund-- Projected _—— BaseModel | == 1993Fund 31993 Fund -- Projected ~ —BaseModel

In this exhibit, the base model (unadjusted for actua data) is graphed against a 1993
vintage year venture capital fund in which Yde participated.”"""" The 1993 fund data
through the year 2000 are actud data (shaded columns); future data (un-shaded columns)

are projected usng the model. Though the venture capital fund performed well above the

¥ This data sample includes all 33 venture capital fundsin which the University participated in the 1980s.

V! Although we might have defined the rate of contribution to match perfectly the actual contributions each
year to establish a closer fit to observed capital drawdowns, we used the standard format of the model since
it ismore representative of what we want to use on an on-going basis.

"' The assumptions used for the model are asfollows: 13% growth rate, 12 year life, 25% contribution rate
inyear one, 33.3% contribution rate in year two, 50% contribution rate in subsequent years, a bow of 2.5,
and ayield of 0%. These assumptions, asis described in the next section of the paper, are the base model
assumptions used by Y ale for venture capital funds.

V"' Vintage year refersto the year in which the fund was formed.
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expectations of the base modd, the use of actud data dlowed the modd to continue to
make reasonabl e future projections for the 1993 fund.

The model can be modified as investment environments change. For example,
recent assumptionsin Yae smode include an accelerated pace of capitd contributions
to venture capitd funds, reflecting the faster pace a which funds have been cdling
money. Thisflexibility is hdpful in andyzing the impact of varying market conditions.

For example, aforecast of an unfavorable exit environment for venture capital could be
reflected by extending the life of funds or by dowing down the digribution rate. To
demondtrate the modd’ s ability to depict below average return environments, we
examined Ya€ s venture cgpita funds with vintage years between 1984 and 1986. The
inputs used for the model are asfollows: 7% growth rate, 18 yeear life, 20% contribution
ratein year one, 25% contribution rate in year two, 30% contribution rate in subsequent
years, abow of 2.2, and ayield of 0%. Asisshown below, the modd fits historica data
nicely.

Het fsset Value Comtrhastams Curmdative Thstrbdions

1205 s T IEges
I 7 s g i
i ; | § 1w
i BOP E 1 B Jodi
5 e 2 1 5 e
% ] ]
B o T Fo. 0"
£ b g e
& e T B g

o ! me i

oz 4 & ®owm o1 on Bz 4 & CRT R T R 1 ooz 4 E 1 o 1z
st Tamil LT 1]

Though we have focused on venture capita throughout the paper, the modd can
be used for avariety of asset types. For example, by atering the inputs, the model can be
used to represent assets with cash yields such asred estate, depleting assets such as ol
and gas, and more traditiona private equity assets such leveraged buyouts. Exhibit 1
displays how the model’ s inputs can be modified to depict a variety of asset classes.

Employing The Model

Once the modd was created, we established a set of assumptions for projecting
the cash flows and performance of exigting and future funds. Despite the excellent
performance in recent years of many private asset classes, we used as inputs the
conservative return assumptions built into our asset dlocation modeling. For example,
the assumptions for a new venture capital fund were asfollows: 13% growth rate, 12 year
life, 25% contribution rate in year one, 33.3% contribution rate in year two, 50%
contribution rate in subsequent years, abow of 2.5, and ayield of 0%. The projected
13% rate of return is Sgnificantly below the 48% annud rate of return Y ae has earned on
venture capital investments over the past ten years.

Onceindividuad funds were modeed and reasonable assumptions made about
commitments to new funds, the results were aggregated to examine predicted future
expaosures to, contributions to, and ditributions from entire asset classes. Exhibit 2
disolays an andysis we use to examine our asset class exposures. By varying the
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commitments to various managers, we can assess the effect on projected asset class
exposures and cash flows. Also, we can examine the effect of different investment
environments by changing the inputs for dl the managers. For example, we might,
decrease the growth rate of each manager by severd percent to understand the impact of
lower-than-expected returns on our asset dlocation.

The modd can be usad to Sze commitments to individua managers, providing
ingght into exposure to a Ingle organization or investment drategy. Recently, Yde
congdered its options in making a commitment to anew fund. The University had
committed to five previous funds with excellent results, but wanted to examine the effect
of an increased commitment sze. As shown in Exhibit 3, we st up an andysswhich
depicted the effect of making anew commitment of $150 million. Despite the seemingly
large Sze of the commitment, the mode was helpful in showing thet the growth in the
Endowment and future projected sales from older funds judtified a significant step-up in
the new fund.

Concluson

With the growth in alocation to illiquid aternative asset classes such as venture
capital, leveraged buyouts, red estate, and natural resources, indtitutiona investors are
compelled to find ways of projecting future asset vaues and cash flows for funds. Older
tools such as smple rules of thumb or models based solely on historica data are flawed
by alack of flexibility and adaptability, and afalureto utilize actud data. Our mode
provides asmple, senshle way to estimate future exposures and cash flows and provides
aflexible management tool to assess the impact of changing fund commitment levels and
of varying assumptions regarding contributions, distributions and underlying net returns.
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Exhibit 1
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12 years
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1.0
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13.0 %
12 years
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25
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* Because of the fast distribution rate of many oil and gas investments, the stated life doesn't equal the actual life of fund. The model is representative; input factors are used as mathematical inputs and should not be taken literally.
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Net Cash Flow
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Exhibit 3

Net Asset Value of Selected Funds
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Distributions
Existing Yale Unfunded Approximate  Yale as % of (as a % of Yale
Funds: Inception Date  Commitment Commitment  Size of Fund Fund NAV (Yale) Multiple Contrib.) New Funds: Inception Date Commitment
Fund | 1993 25.0 0.0 150.0 16.7% 195 1.6 88.6% Fund VI 2002 150.0
Fund 11 1995 47.0 0.0 200.0 23.5% 47.8 18 71.6%
Fund 111 1996 25.0 0.0 100.0 25.0% 26.6 15 62.3%
Fund IV 1997 25.0 6.4 100.0 25.0% 20.3 15 45.8%
Fund V 1999 40.0 15.6 300.0 13.3% 23.9 1.0 0.4%
TOTALS 162.0 22.0 850.0 19.1% 138.2 15 57.3% TOTALS 150.0






