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This paper provides a brief overview of decision and preference analysis concepts and demon-
strates an application of these techniques to the project-valuation problem faced by resource
managers. Qur major focus is on the use of the exponential utility funetion, the utility function
most frequently used by resource companies. We discuss the important and practical risk-
sharing problem faced by managers in the resource sector, that is, how to choose the optimal
share of a risky project. We demonstrate that with decision and preference analysis tools it
can be quite straightforward for managers to identify their optimal share in risky projects.
We then explore these techniques further and demonstrate that they can lead to somne seemingly
counter-intuitive results. In particular, we explore how the firm’s optimal share changes with
exogeneous changes in project parameters, Yhat we find is that while many of the changes in
share are intuitive, some are not. In fact, when the firm’s estimate of the potential upside
pavoff npon finding reserves increases, it is sometimes better to decrease the firm’s share than
it is to increase it. This is important, because by recognizing this counter-intuitive result, we
can work to improve our intuition by understanding it, We summarize our findings and offers
some guidelines resource managers should consider when considering a choice of utility func-
tion. © 1998 Elsevier Science Ltd. All rights reserved

Introduction firm should purchuse. All ol these choices are
important hecause the resulting outcomes can have a
significant impacl on a firm's performance. In this
paper., we demonstrate how decision analysis tech-
niques can 2o a long way lowards addressing these
decision problems and show that the iinplementation
of these techniques can have important implicatons
to managers who face choices about risky projects.
Whal's more. we show that decision-analysis tech-
uiques can also help us o make more informed

Managers i the resource sector often encounter
important choice problems that involve large capital
investment commuitments and that are characlerized
by a high degree of uncertainty, Those dimensions of
uncertainty  may  include issues such as  reserve
recoveries. operating costs, product price and otbers,
Making choices among alternative projects is difficult
because the risk characteristics of these projects are

often so different. [n addition, because resource man-
agers are often constrained in terms of available capi-
tal, they are confronted with critical decisions con-
cermng what sharc of a particular project, if any, a

Duie 1o circumsiances beyond the Publisher's control, this article
appents in print without author correciions,

decisions by providing msights that help us to
improve our intuition. In particular, this paper will
show that our immediale knee-jerk reactions Lo
improvenments in certain  project  parameters—/lor
example, the amount of oil one expects 1o find should
a well be successful—may be wrong, and why. Thus,
by using such techniques. not only can we make better

49




Risky chwice, risk shering awd decision analysis. MR Walls and D R Clynian

decisions, but we can improve our intuition about the
decisions that we make.

Increasingly, decision-analysis techniques  have
been used Lo aid managerial decision-making in situ-
ations like these of substantial risk and uncertainty.
Indeed, there have been a wide and diverse range of
successful decisions-analysis applications including
budget analysis, product planning. corporate strategy,
medical diagnosis und treatment. site planning, as
well as numerous other private and public sector
decision conlexts’.

Both the petroleum and mincral industries represent
classic setlings for applications of decision analysis
(DAY and prefercnee theory, Farly work in the pet-
roleum industry includes the paper by Grayson {196()
on decisions ahout uncertain drilling prospects, the
discussion by Raiffa (1968) of the usc of the
cxponential utility function and its application 0 the
risk-sharing problem. the exposition by Spetzler
{1968) about measuring utility functions for a large
oil company. and the text by Newendorp (1973) on
using decision-analysis technigues in  petroleum
exploration. More recent work includes extensions by
Cozzolino (19775 on the use of the exponential utility
function in risk-sharing decisions, the discussion by
Howard (1988) about measuring risk tolerance lor a
large oil company. the development and use of 2
modeling system by Kcefer er al. (1989) 10 aid 2
major oil company in allocating bidding capital, the
development by Walls ¢z «f. (1993) of 4 computcr-
based DA modcl which cnabled Phillips Petroleum
Company to incorporate its risk tolerance in explo-
ration decisions, the discussion by Walls (1995) of
methods for measuring and integrating corporale risk
toferance: and the development by MacKay et ol
(19906) of a spreadsheet model to assist in risk-shuring
decisions at Texaco.

In the mineral industry, Hax and Willig (1977)
applied decision analysis technigues to mining-invest-
ment  decisions and  Walls  and  Eggert (1996)
developed a methodology for measuring a mining-
company CEOs financial-risk olerance, surveyed a
sample of mining CEOs and provided a comparison
of risk tolerance among mining frms.

In this paper we first provide a brief overview of
decision analysis and preference analysis concepts
and demonstrate an application of these technigques to
the project-vatuation problem. Qur major focus is on
the use of the exponential utility function, the utility
function most frequently used by resource companies,
The third section discusses the impartant and practical
risk-sharing problem faced by managers in the
resource sector—how to choose the optimal share of
a risky project. Here, we demonstrate that, with
decision-analysis tools. it is quite straightlorward for
exponential utility maximizers to iderify their opti-

'See Comer und Kirkwood (1991) for a more complete survey of
decision-analysis apphications.
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mal share in risky projects. The fourth section pushes
the analysis a bt further and demonstrates that i can
lead 10 somc rather counter-intuitive results, even
when using an exponential utility function. In parti-
cular, we explore how one's oplimal share changes
with exogeneous changes in project parameters. What
we find is that while many of the changes in share are
inwitive. some are not. In fact. when one’s estimate of
the potential upside payoll upon finding oil increases,
it is sometimes better to decrcase one’s optimal share
than it is to increase . Furthermore, we provide
cxamples from the real prospect inventory of one
major oil compuny (o demonstrate that it is not
unusual for oil companies o be considering projects
for which they should decrease their share when the
upside potential increases. This is important, because
by recognizing this counter-intuitive resull, we can
work 1o improve our intuition by understanding it;
and, by seeking explanations that help us to improve
our understanding, we pre-empt incorrect decisions
based on faulty intuition. The final section summar-
izes our findings and offers some gindelines managers
should consider when considering a choice of utility
function.

Overview of decision analysis and preference
theory

The foundations of decision analysis are provided by
a set of axioms stated alternatively in von Neumann
and Morgenstern (1953} Savage (1954), Pratt e af,
{1964), These axioms, which provide principles for
analysing decision problems, imply that the altractive-
ness of altermatives should depend on: (1) the likeli-
hood of the possible outcomes of cach alternative: and
(2) the preferences of the decision makers for those
outcomes, The technical implications of the axioms
are that probabilities and  ulilities  (measures  of
preference) can be used o caleulale the expected wtil-
ity of ecach altemative and that altemauves with
higher expected wilities sbould be preferred. The
practical implication of the uxioms is the provision
of a4 sound basis and general approach for including

Judgments and values in an analysis of decision alter-

natives.

The  preference-analysis  (or  expected  utility)
approach is an extension of the expected-value con-
cept. The result is a more realistic measure of value
among cotnpeling projects charactlerized by risk and
uncertainty, The expected-utility approach is appeal-
ing in that it enables the decision maker o utilize a
relatively consisient measure of valuation across a
broad range of risky investiments, The theory provides
a practical basis for the finn to formulate and
implement a consistent risk policy that incorporates
the firm’s attitude ubowt participating in financially
risky projects.

The way that prelerence theory accomplishes this
is by encoding the [irm’s attitude about taking on risks
in a uulity function, The ability to measure corporate
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risk preferences is an important part of both the con-
ceptual and practical views of decision making under
risk and uncertainty. To do this, the exponential utility

function is ofien used o measure risk preferences of

an individual or organization. One of the reasons that
the exponential utility function is so frequently used
s that a firm’s risk olerance may be encoded in a
single number, which can be estimated (Spetzler,
1968, Walls, 19950 Walls and Eggert, 1996). The
exponential utility function has the following math-
cmatical form: u(x} = a — be ™ Y5 where u is utility as
a function of the variable of interest, x (e.g. outcomes
valued in dollars), e ix the exponential constant, « and
b are scaling constants, and K is the risk tolerance,
The risk tolerance. R. represents the sum of money
ahout which decision makers are indifferent between
a 50-50 chance of gaining the whole sum and losing
half the sum. Thus, use of the expouential fori leads
1o the characterization of risk tolerance hy the single
numher, &, which. loosely speaking. measures the
curvature of the utility function. This functional form
is also deminant in both theoretical and applied work
in the areas of decision theory and finance for a num-
her of other reasons. [t is generul enough to treat satis-
factorily a wide range of individual and corporate risk
preferences {Keeney and Raiffa, 1976). Because it is
hased on the exponential function, it is highly trac-
table mathematically, and hecause it is based on the
exponential function it allows us to consider inde-
pendent projects individually, It has a significant prac-
tical advantage over other utility functions in that It
does not require that the evaluation consider the
firm’s cntire portfolio of projects.

Whenever we know a firm's utility function,
exponential or otherwise, we can compule a risk-
adjusted valuation measure for any risky or uncertain
investment. This valuation measuvre is known as the
cerfainty equivalent and is defined as that certain
value that a decision maker Is just willing to accept
in lieu of the gamble represented by the uncertain pro-
jJect. It is, in essence, the “cash value™ attrihuted Lo a
proicct that involves uncertain outcomes. With cer-
tainty equivalents, comparisons belween projects are
easy: higher cerlainty equivalents are preferred to
lower ones. With the exponential utility function, the
certainty equivalent is a function of the firm's risk
lolcrance  level, R, and the rnisk  characteristics
(probability distribution over the outcomes) of the
investment opportunity. For projects modeled as dis-
crete probability distributions, the expression for the
certainty equivalent, C,, is given by the following for-
inula derived [rom the exponential wtility function,
which, while previously known, was popularized in
the petroleum industry by Cozzoline (1977),

P

C =~ Rl'n( Z/J,e‘-’") (1)

where p, is the probability ol outcome 1, x, is the value
of outcome {, and /n is the natural-log function.

Consider. for example, the investment projects
shown in Figure |. The payofl of the project upon
success, which i1s denoted in Figure | hy x; > 0, iy
cqual 1o the net present value of all cash flows from
the initial investment through the life of the project,
given that the project is successful. The total payoll
upon failure. which we denote by x; < 0, is the net
present value of all of the cash {lows assuming the
project fails. The probahilities of success and failure
are py and p,, respectively. with p, + p, equal 10 one.
Once values for the two possible outcomes arce esti-
matedl, u probability of success is assessed, and a risk
wlerance, R. specified, il is a simpic and stratghtfor-
ward matter to calculate both the expected value and
the certainly equivalent for these projects. In this
example we demonstrate that on an expeeted value
basis the finn should prefer project B (EV = US$6.7
MM) over project A (BEV = USS4.0 MM). Now let’s
assume that, in fact, the firm is risk averse and has a
financial risk telerance, R, equal o0 USS60 MM. By
applying equation (1), we can conduct a certainty-
equivalent analysis, which considers the firm’s atu-
tude about financial risk. When we do, we find the
opposite result is true; that is, the less-risky project
A (with a C ol USS1.2 MM) is preferred Lo the more-
risky project B (which has a €, of — USS2.7 MM).
Unlike the expected-value analysis, the certainty-
equivalent incorporates the firm’s concerns for the
“risks™ associated with cach of these projects. The (',
valuation measures the lradeoffs between potential
and uncertaln upside gains vs. potential and uncertain
downside losses, and 1t does so with respect to the
hnn's auitude about taking on risk. Indeed, the €,
analysis explicitly considers the relative magnitudes
of capital being ¢xposed to possible loss, the chances
of those losses, and the firm’s relative risk-attitude
about the uncertain financial consequences.

Optimal share analysis

While the previous discussion demonstrated how
decisior-analysis tools can help a firm to decide
whether to accept a project in ity entirety, or which
of several projects it prefers, one of the more funda-
mental decisions that managers confront is: what
share of the project, if any. should the firm purchase.
The certainty-equivalent valuation methad alse pro-
vides guidance to the lirm about this risk-sharing
decision as well. Unlike expected value analysis.
which is an “all ornothing™ decision rale, the €, valu-
ation aids the firm in selecting the appropriate level
of participation consistent with the firm’s risk propen-
sity. The €, measurc provides a formal means 1o
quantify the advantages of selling down or “spreading
the risk™.

Consider again our example in Figure 1 where now
the payoff upon success ([ailure} is the ownership
share (which we denote by z) times the payofl ol the
lotal project upon success, x, (or upon failure, x,). We
can now calculate, either analytically or numerically,
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Project A
Success = §33 MM
py,=.30
Fallore . __$8.5 MM
p,=.70
E(NPV) = $4.0 MM
C,.= $12MM

Project B

Success

X, =$107 MM

py=.15
Fa]lure x2:-$11_0 MM
p, = .85

E(NPV) = $6.7 MM
C, =-82.7 MM

Figure I

Risky projccis A and 13 are compared on a waditonal expected value basis, TINPV), und o certainty cquivalent hasiy,

C. The € analysis assumes the firm has a financial risk tolerance value, &, of USS60 million

the firm’s optimal share of the project, z7. where 0
= L

Figure 2 displays graphically the results of the
numerical caleulation of the certainly cquivalent for
projects A and B ar different participation levels
(shares. z) for a firm with a risk tolerance of USS60)
million. The optimal share, z%, ol the project accurs
where the certainty-equivalent function 1s maximized.
and may be picked off the graph. Alternatively, the
optimal share for projects like these may be calculated
analvtically, and is given by the formula,

FERN
2212

X -

R ,’n(

)

<

{lFor a more detailed discussion of this and the other
calculations reported in this and the next section, sce
Clyman er ¢l (1997))

Once one restricts onc’s purchase to the optimal
amount, %, 1115 a stinple matter to calculale the cer-

Optimal Share Analysis
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Figure 2 This optimal share analysis graph identifies the optimal share for projects A (73.652) and b {27.5%) for a firm with a
USS60 million risk tolerance, £. The optimal share is that share with the highest certainty equivalent value, €
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tainly cquivalent of the optimal holding by replacing
the payolls (v, in equation (1)} from owning the entire
project with the payolfs z%x; and z%x, from owning
the optimal share. Utilizing equation (2). we compute
the oplimal share, =%, given the firm’s risk tolerance,
K, of USSA0 million. The optimal shares are 73.6%
for projeet A and 27.5% for project B. Note also in
Figure 2 that at levels of participation up 1o jusl a
litde more than 27.5% in cither project, the firm
should always prefer project B over project A since
it has a greater certainty equivalent. However, lor par-
ticipation levels greater than that, Project A is the pre-
ferred alternutive as it possesses a higher cerlainty
equivalent. Most important, each project should be
valued at its own optimal participation level. and
when one does so, the certainty-equivalent of project
At its besl participation level is higher than the cer-
tainty cquivalent of project B valued at its best partici-
pation level.

The important implication in this analysis is thal
the firm has a formal meuns of measuring the value
of diversification. Nolc, for example, that the certainty
cquivalent for either project at its optimum parlici-
pation level (US$1.4 million for project A at 73.6%
and US30.9 nillion for project B al 27.5%) is grealer
than the sum of the certainty equivalents for both pro-
jects at J00% parnticipation ( — USS1.5 million). Also
note that participation greater than 60% in project B
has a negative certainty equivalent, which implies that
this projeet is too risky for the firm at these partici-
pation levels,

For managers of petroleurn and mineral firms who
are concerned with integrating a comprehensive dis-
counted-cash-flow analysis with & corporate-risk-
management decision moedel, the preference theory
approach has important implications. The certainty
equivalent valuation ensurcs a consistent risk altitude
n project evaluation. In additon, it provides a reason-
able and rational analysis of a wide range of risky
investment alternatives and the capability 1o provide
management a value maximizing set of projects con-
sistenit with the fimm’s willingness to take on financial
risk. This appreach can mcerease management’s
awareness of risk and risk tolerance, provide insight
1o the relative financial risks associated with its set
of investmenl opportunities, and provide the company
a formal decision model for allocating scurce capital.

A counter-intuitive result and more
informed intuitiou

The authors of this paper are strong proponcnts of
decision analysis and its application. Besides helping
managers solve the more routine questions of whether
to invest and how much, decision analysis can be used
lo improve our intuition about Lthe decisions we make,
and it can be used 10 prevent us from making misin-
formed decisions, Nonetheless. the users must exer-
cisc care because ¢mbedded in the choice of utility
function s a hard-to-decipher statement ahout the

user’s risk preferences. And while that may sound
innocuous, those embedded risk preferences can lead
to some highly surprising, and often counter-intuit-
ive, choices.

Clyman (1995). for example, examined the port-
folio managers™ rebaluncing decision in a particularly
simple structure where he could ask the guestion: do
vou wanl (0 hold more, less, or the same amount of
a security whose prospects have improved {but whose
price has not vet changed)? Surprisingly. he demon-
strated that all three answers are consistent with
cxpected-utility theory. In particular, he demonstrated
that 1f the portfolio-manager’s utility function is suf-
ficiently risk—averse then a decision-analytic model
could say sell now, before the market price increases.
Thus, decision analysis does nol necessarily require
that portiolio managers prefer to increase their port-
folio’s holdings of a sccurity whose prospects have
improved.

This section of the paper examines a similar prob-
lem of particular interest to the resource industry
where project risk-sharing and joint venlures are com-
mon, How does the mining or petroleum firm’s opli-
mal share of an investment project change as the
firm’s evaluation of the project’s parameters change
through either better assessments of the project’s
chances of success or better estimaltes of the project’s
potential payoffs? In answering this question, we find
that our intuition is often correct—we always want
more of a project when the chance of success
increases, and we always want less when the costs of
failure increase—but we also find that it is pertectly
consistent with expeeted-utility theory for expeeted-
ulility maximizers sometimes 1o want a smaller share
ol the project when the potential upside payoff
increases. Furthermore, it is easy to demonstrate thal
this seemingly counter-intuitive desire [or less of an
improved project is  possible when  using an
exponential utility function—the utility function most
frequently recommended and used by analysts in the
TesOUICe Seclor.

For instance, assume that new information indi-
cates that, If you discover petrolcum or mineral
reserves, the amount you will find will be far larger
than previously anticipated, and hence, the potential
return on your investment far greater. The knee-jerk
reaction is to huy a bigger share of this obviously
better prospect. However, certainty-equivalent analy-
sis may suggest otherwise—that the certainty equival-
ent increases and becomes best. not when one buys
more of the prospect, but when one buys less. o other
words, ceteris paribus, decision analysis can lead you
to chooxe a smaller optimal share wpon an increase
in the success-stare payoeff. What's more. wanting less
of an improved project should not be an uncommeon
event. By examining the prospect portfolio of one
major US oil and gas company for the year 1996, we
find that a surprisingly high percentage of its pros-
pects are ones for which the {irm should choose a
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smaller share should its estimate of the project’s
upside potential increase.

Let us consider these issues in the context ol the
lwo investment projects that we examined earlier. The
data for projects A and B arc swinmarized in Table
1. Consider project A. Using equation (2). the {irm’s
optimal share 1s 73.6%. That is. this is the share of
project A that results in the highest certainty cquival-
ent (or cash value) for the firm. Adjusting the payot!
structure for this project using z%, we solve, using
equation (1), for the certainty equivalent of USS1.4
million at the optimal share. Now note that i we
increase the upside pavoff (by 20% 1o USS39.6
million), we discover the rather intutive result that
the optimal share increasces to 86.3%. and the cer-
linty equivalent also increases o US3$2.4 million.
And again when we increase the upside payoft by
100% ({rom US$33 million to USS66 million). the
optimal share again increases 1o 96.8%. However, if
we increase the original upside payoft by 400% from
US$33 million o USS132 million, the optimal share
drops to 73.3%. Thus, for project A. as the upside
potential gets beter. the optinal share increascs for
a while and then begins 1o decline. It is important to
note, however, that even when the optimal share is
declining, the certainty equivalent (the cash value of
the drilling project to the firm) continues to increase.
All of these numbers are presented in Table 1, along
with simjlar numbers (or project B.

We note from examining Table | that for both pro-
jects the optimal share increases for a while before
beginning o decline. It is possible, il given a different
set of project characteristics that the optimal share
would begin (o decline immedijately upon an increase
in x; For example, consider a project C where p, is
20%. p, 15 80%. x, iy USS133 MM and x; is equal
10 — US$6 MM. For this project, a 16 increase in the
success payvolf, v, Teads o u decrease in the optimal
share, 7% Notwithstanding this case, 1L is important
1o nete that in all cases it is possible o find an upside-
pavoff level upon which further increases cause the
then existing optimal share to begin to decline.

Table I The optimal share for projects A and B first increases
and then deereases even as the potentiul upside payoffs, @, for
these projects conlinne 10 improve

Project A roject B

Pri-—Success RV 15%
pri—Failure 0% NI

v —Success NPY (USS MM 33.40 107.0
a—Cost NPV (LTSS MM) 55 -11.0
Optimal share, 7* T36% 2750

C, at aptimal share 514 MM 30.9 MM
2% w208 mcrease in i, §6.3% R K
C, a1 2% w205 wnerease ina, §2.4 MM S MM
2% wl100% increase in x 96.8% 32.9¢%
C,oal 2% w/lOHG increase in x, 558 MM 530 MM
% w00 increase in i, T3 23.6%.
C,oal 2® wAl0he ncrease in v, 3122 MM S5.9 MM

N
.

In Figure 3. we present this effect graphtcally and
in sreater detail for project A, by showing the etfect
of increases in the upside payvolt (x,) on both the opti-
mal share and resulting certainty equivalent. In Figure
3 the solid line shows how the optimal share (%)
changes as the success payoff (v;) changes; the bold
dotted line shows the effect of success-payoll changes
on the certainty equivalent at the optimal share, 77,
The fine dotted line indicates the certainty equivalent
of the 100% sharc as the success payofl changes.
What is striking about this example is that the optimal
share increases for a while and then begins to
decrease. Once il slarts decreasing, it continues Lo
decrease. and continues 1o decrease upon ever greater
improvements in the upside payoff, v;. The cerlainty
equivalents, on the other hauxl, continue 1o grow, but
al ever decreasing rates,

Indeed. it 1s possible 0 demonstrate mathemat-
ically that once exponcntial-utility-function maximiz-
ers begin to want less of 4 project as the upside payvolf
improves, they will alwavs continue 0 wuant less as
the upside continues 1o increase. (Again. sec Clyman
el al, (1997 for a mathemaocal treatment of (hesc
ideas.) Indeed. because the optimal share, upon
increases in xv,. may increase for a while. eventually
begins to decrease, and never again begins increasing,
it is possible 1o derive a breakeven equation. That is,
as long as ay is less than some amount, the optimal
share will increase when x, increases, but once v,
exceeds that amount. the optimal share will always
decrease.  Exponential-utility-function  maximizers
will want more, the same amount, or less of a project
as the upside payolf increases depending on whether

— o /rr( - &) (3

,T |

a2

Using equation (3), it 15 possible to calculate
(numerically) the breakeven value of x, as a function
of the other parameters. Table 2 shows the breakeven
success payoffs. x,. (or each of the three projects that
we have discussed, For example, we find for project
A that exponential-utility-function maximizers will
continue (o want more ol project A until x; cquals
USS63 million. und will then want less as x, increases
further. In the case of project B, the breakeven value
is USS181 million, and in the case of project C the
breakeven value is USS71 million. The breakeven
point is above the current value of x) in (two of the
three projects (A and B). and so increases in the
upside cause the finm 0 want more ol these two pro-
jects for a while, On the other hand, the upside poten-
lial already exceeds the breukeven point in projeet C,
and s0 any additional lucrease in its value causes the
firm 1o want less,

equation {3) can also be used o calculate the break-
even x, as & lunction of the cast of tatlure (holding
the probability of success constant) or as o {function of
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Effects of Change in Success Payoff
on CEQ and Optimal Share
16.0 100%
140 |
= 120
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I—V 1)
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Figure 3 Certainty cquivalem (CEQ) comparisons are shown between the eptimal share and o 1005 participation hasis [or project
AL Note the wrnover in the oprimal share line as the suceess payvoffl, x . continuex lo merease. This suggests the firm should reduce

its share at some paint, even as the prospect’s upside patential continves to improve

Tuhle 2 Breakeven values for each project indicate the point at
which any additional increase in the value of the upside polential,
X will cause the Hrm to want less of the project

Proaject A Project B Project C
Current upside (x,) 3 7 133
Breakeven 63 151 71

the probability of success (holding the cost of failure
constant). For example. Figure 4 presents tor project
A the breakeven v, as a [unction of the cost of failure,
holding the probability of success constant. That s,
it detines for this particular project 1wo regions:
region |, where an increase (decrease} in the success
payofl leads to a decrease (increase) 1 the optimal
share, z%; and region 2, where an increase (decreases)
in the success payoff leads (0 an increase (decrease)
in the optimal share.

txamination of the 121 drilling projects that were
under serfous consideration from the 1996 prospect
inventory of one major US-hased oil company?
showed that a surprisingly high number of them were

“Because of the confidential nature of these drilling prospocts and
the disclosure of the company’s financial risk wlerance (R), we are
upable 1o release the company's identity,

“good enough™ to be in region 1 that is, further
increases in the upside payoft would lead to decreases
in the optimal share preferred.

One easy way 1o delermine  whether further
mereascs i upside payoll would lead o increases or
decreases in optimal share, other than solving numeri-
cally for the breakeven point, is to inerease the upside
payofl by some percentage and recalculate the opti-
mal share using equation (1). When we did this for
the 121 exploration prospects in (his firm’s prospect
inventory, we found that a 20% increase n upside
payofl led to decreases in optimal share in 83 (about
T0%) of the prospects. In other words, only 30% of
the drlling prospects under consideration  were
located sufliciently far into region 2 of Figure 4 1o
support a continued increase in investiment upon i
204 inerease 10 the upside payofl, When we doubled
the success payoll (increased v by [006%). we disco-
vered that the firm would want a decreased share from
current fevels in 104 (or 86%) of the original 121
prospects. The immediate reaction that we should
want more of a project whose payofl” potential has
increased is not correct, assuming that the exponential
utility function accuralely represents our risk prefer-
ences.

For us to gain the ost from insights like these,
we must now sec if we can also improve our intaition
so that results like these begin to make sense, The

A
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Breakeven Representation for Project A
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Figure 4 Breakeven representation shows location of investiient projects with respect o region 1. where increases in the opside
payoll lead w decreases in the optimal share, and region 2, where increases in the upside payotl” lead 10 inereases in the optimal
share, Note that praoject A les in region 2 such that further increases in the npside payoll, up 1o the breakeven value of [US5563

millien, will lead o increases m the optimal share

“knee-jerk” intuition that we should always want
more of a projecl whose upside has improved derives,
we believe, from the lact thar we assume thal the
decision maker is already prepared 1o expose the [inm
o the downside pavoff { — US$8.5 million in project
A). Therctore, the manager should be willing to with-
stanid at least that high a downside, or possibly cven
more, if the upside increases. However. 10 may be just
as accurate 1o assume that the manager should focus
on the upside (US$33 million in projcet A). When the
upside potential increases, the firm can do just as well
as before with a smaller share, and in the process
decrease its exposure should the project fail. Thus, by
decreasing one’s holdings, one can realize as great an
upsice gain and lessen the exposure. What's more, as
is shown 1n Clyman er «/f. (1997), the optimal share
never declines so much as 10 end up with a lower
upside payment. That is. the product of the new
(decreased) oprimal share times the new (increased)
upside payofl is always greater than the old optimal
share times the old upside pavotf.

Thus. by utilizing the decision-analytic technigues
availahle to us to aid in making decisions about risky
projects, we can not only make better decisions, but
also inform our intumdoen so that we do not seize upon
poor choices thinking they are obviously right,

56

Summary and conclusions

We liave shown that for managers in resource finms
who are concerned with integrating a comprehensive
discounted casii low model with o corporate risk
mandgement decision maodel. the decision-analytic
approach has important tnnplications, Utilizing these
lools, resource managers are able consistently and
systemaltically o cvaluate o wide range of risky
investment opportunitics. These techniques enable
managers Lo rank projects and sclect participation lev-
ely consistent with the firm’s willingness 1o take on
risk.

When utilizing the exponential wility function, at
first glance we appear to have uncovered a somewhat
counter-intuitive finding with regard to choices ahout
project share. That is, it may appear 1o he somewhat
counter-intuitive that a manager would want less of
a project if the only chuange was an increase in the
success pavoff. x,

However, as we have shown, this seemingly coun-
ter-intuitive result may actually make a grean deal of
sense, especially if one is more concerned about
achieving a particular upside while minimizing the
downside. than one is aboul maximizing the upside
without so much regard for downside consequences.
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What this finding tells us is that while we may wanl
less of an unproving prospect. we never want too
much less, Tnother words, though we may decrease
our optimal share a liwle bit, thereby decreasing the
optimal cost upon flure, we still allow the optimal
payoltf upon success 10 increase,

Experimentsl  and  survey  data in behavioral
decision making also show that the preterence analy-
sis approach is consislent with how munagers make
decisions under uncertzinly. According to Wehrung
(1989) study of 127 executives from 29 ail and gas
firms, more than hall of the exccutives gave responses
that were fully consistent with this approach, and an
additional guarter  of  executives were  consisient
within a 10% margin of eror, This behavior, as well
as other published work mentioned carlier, suggests
that managers would benefit from using decision-ana-
Ivtic  rechnigques 1o help  make  project-selection
choices  and  nsk-sharing  decisions. It 15 very
important. therefore, that managers pausc and take the
time necessary 1o do appropriate analysis when mak-
ing project-selection and risk-sharing decisions.

Decision-analysis techniques offer great benefits
for systemittic. scientifically grounded decision mmak-
ing, These techniques increase nanagenient’ s awire-
ness of risk and nisk tolerance. provide insight into
the relative financial risks associated with 11s sel of
investment opportunitics, help lo inform and improve
our intition, and provide the company a formal and
consistent approach for allocating scurce capital.
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