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ABSTRACT

A fundamental element of the business strategy process is allocating capital and cor-
porate resources. Managers of this process are often faced with complicatng factors
such as financial risk and uncertainty about polential outcomes. This paper describes
a decision science methodology for systematically integrating the processes of
business strategy and capital allocation. We present an application of this method-
clogy by a large oil and gas company concerned with allocating an aannual 5200 mil-
lion capital budget. This approach is shown to have broad implications for imanagers
in all sectors and provides rich insight into the effects of integrating corporate ob-
jectives and risk policy into the invesunent choice process.

INTRODUCTION

The emphasis placed on strategic planning in firms over the last two decades
reflects the proposition that there are significant benefits to gain through an ex-
plicit process of formulating strategy toward some common set of goals or ob-
jectives. Companies in all business sectors are periodically faced with the very
basic business strategy questions of "How should we compete in our husiness
and what are our important objectives?” Perhaps the most fundamental issue
associated with effecting a firm's business strategy is the process of allocating
scarce investment capital, in the face of business risks and uncerwinties. To
structure and quanufy this ¢lass of strategic decision, this paper describes a mul-
ti-objectve decision model designed to aid decision makers in the allocaiion ol
capital across a set of risky invesunent opportunities. The model application
presented demonstrates that once a set of corporate objectves are spectlied, utili-
ty functions can be constructed that consider management's value tadeoffs
among business objectives and propensity to participate in risky projects. This
multi-attribute utility theory (MAUT) approach was utilized (o identify the ap-
propriate mix of mvestments for a large oil company, consistent with 1ls corpo-
rate objectives and overall business strategy. Results of this model application
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guided senior planners into a formal evaluaton of capital investment projects and
provided significant insight into major resource allocation decisions.

This work intends o provide an important link between (1) the strategic
management process, which is concerned with how a business is going (o com-
pete, what its objectives should be and what set of decisions s needed to achieve
those objectives; and (2) the multi-objective decision making techniques from
the field of decision analysis. The formal and systematic approach associated
with MAUT provides a naturally appropriate decision model for the strategic
management process. The process of setting corporate objectives, defining busi-
ness decision alternatives, establishing management values, and modeling the
uncertainty associated wiih the business environment all represent critical com-
ponents of both the MAUT approach to decision making and the sum and sub-
stance of business strategy. The application of the modet 13 to the oil and gas
industry sector; however, the MAUT approach (0 business strategy and capital
allocation 1s applicable to any business sector.

In the furst secuon of the paper a brief background of previous applications
of mulu-atribute utility theory are presented. The next section describes the
general problem faced by managers in terms of allocating scarce investment cap-
nal and its relationship to business strategy. This section discusses how tradi-
tional capital budgeting theory 1s an inadequate model for incorporating the stra-
legic tssues managers are concerned with into the capital allocation process. The
next section presents the foundauons of decision analysis and multi-attribute
utility theory. This section shows how these models provide managers a sys-
tematic and comprehensive approach (o decision making under conditions of risk
and uncenainty. The paper then describes the basic capital allocation/strategy
dilemma faced by a large oil and gas exploration company. A step-by-slep ap-
plication of the MAUT model is presented which includes setting strategic ob-
jectives, determining the decision maker's value tradeoffs and risk atttudes and
evaluating capital allocation alternatives. This section describes how the firm
used the MAUT model 1o choose the appropriate portfolio consistent with its
business objectives. The paper is concluded with a discussion of the portfolio
model and its implications with regard to affecting a coherent risk policy, im-
proving the quality of decistons and providing a framewaork for effecting a com-
pcutive business strategy.

APPLICATIONS OF MAUT

Multi-attribute utility theory (MAUT) normally presumes a single decision
maker who is to choose among a number of alternatives that he or she evaluates
on the basis of two or more criteria or attriputes. The alternatives involve risks
and yncertainties and may require sequential actions at different imes, The deci-
sion maker acts to maximize a utility function that depends on the criteria or
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attributes. MAUT embraces both a large body of mathematical theory for utility
models and a wide range of practical assessment techniques that together assist in
the decision problem to rank alternatives, make a choice, or otherwise clarify a
sitpation for the decision maker. Sensitivity analysis is often involved in the
assessment and choice processes.

Applications of MAUT in the public sector far outnumber applications of
this type of decision model in the private sector. Because most public sector
problems involve multiple conflicting objectives, such as in public health care -
systems (Lathrop & Watson [22}), environmental policy (Ulvila & Sayder [29])
regulatory issues (Von Winterfeldt [31]; Keeney & Smith {20]), site selection
(Kirkwood [21], de Neufville & Keeney [8]; Sarin [20]), energy (Beley [2]) or
public policy (Anandalingam [1}; Bodily {4)), the opportuniues for MAUT ap-
plications have been apparent and numerous. Considerably fewer appiicmions of
MAUT to corporate problems are found in the decision analysis and cperations
research literature. Keefer & Kirkwood [15] discuss an application (0 optimally
allocate an operating budgét for project engineering. Keeney [16] discusses the
assessment of a multiple objective cormporate utility function (o examine corpo-
rate policies. Dyer & Lund (9] analyze new strategies for merchandising gasoline
and Hax & Willig {12] apply MAUT (o the capital investment problem in a -
mining firm. Though other applications of MAUT in the private sectar have
been undertaken, there exists a contnuing need for goed documented applica-
tions. One such need is the contribution that MAUT models can provide to the
private sector in terms of developing an effecuve link between the firm's capital
allocation process and its business strategy.

THE PROBLEM

Managers regularly face the problem of constructing the appropriaie portfo-
lio of investment opportunities consistent with the firm's business objectives,
Decisions about capital allocations may focus on selecting the appropriate mix
of high risk versus low risk projects. domestic versus foreign activity, R&D
versus production, acquisition versus expansion, as well as a host of other com-
plicating dimensions. Because of these issues and the significant amounts of
capital at stake, the firm's capital budgeting process represents a fundamentally
important task in terms of the firm's overall competitive strategy and perlor-
mance,

Traditional capital budgeting theory focuses on the concept of building or
maximizing shareholder value. The strategy 1ssues described above differ from
the assumpuons vnderlying taditional capital budgeting theory in several re-
spects. First, the theory assumes that choice among project alternatives is the
key step in the capital budgeting process. In fact, the theoreucal characterization
of a project as a financiad secunty, and the focus on a diserete and identifiable sct
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of choices made by top management, make for a descriptively inaccurate concep-
tual framework. Second, the theory is correct in the special case where a zero
level of uncertainty exists. Traditional capital budgeling theory requires a certain
and accurate projection of cash flows for independent and mutually exclusive
projects. Often times decisions concerning resource allocation are characterized
by a high degree of uncertainty aleng any number of dimensions.

Third, traditional capital budgeting theory assumes the organization is con-

cerned with maximizing a single objective, net present value. The modern busi-
ness enterprise, however, is concerned with a complex set of corporate and busi-
ness objecuves. The strategic management literature refers to this as the "stake-
holder theory” of objectives. This theory maintains that the objectives of the
firm are derived by balancing the conflicting claims of the various stakeholders
in the fum: managers, workers, stockholders, suppliers, vendors, and even local
communities. Hackett [11] noted that it is unrealistic to assume that managers
are merely agents for shareholders. The firm has a responsibility to all
stakeholders and must configure its objectives to provide each a measure of sat-
isfaction. Maximization of net present value is one of such satisfactions, but
does not necessartly receive special predominance in the objectives structuce.
_ Complexity in the resource allocation process cannot be avoided in making
decisions. There are, however, opuons concerning the degree of formality used to
address the complexity. Top management is capable of coping with this com-
plexity by determining how the company will compete in its business, articu-
lating that strategy by specifying a set of corporate objectives, and utilizing a
deciston model designed o achieve those objectives. Any reasonable decision
model must obain and combine available information, explore and evaluate
critical value tradeoffs, recognize the uncertainty for each alternative and incor-
porate the business objectives of the firm. A comprehensive model must also
appraise the degree to which each objective is achieved by the compeling alter-
natives. MAUT models provide a framework for dealing with complex problems
and systematically analyzing available altematives.

DECISION ANALYSIS AND MULTI-ATTRIBUTE UTILITY THEORY

Making important decisions often requires incorporaing major uncertainties,
risk, long time horizons, multple altematives, and complex value issues into
the decision model. To deal with such problems, the discipline of decision anal-
ysis was developed. Decision analysis is defined by Howard [13] as "a discipline
comprising the philosophy, theory, methodology, and professional practice nec-
essary (o formaiize the analysis of onporiant decisions.” Keeney {18] provides a
more mtuitive definition as “a formalization of common sense for decision
probiems which are too complex for informal use of common sense.”
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The foundations of decision analysis are provided by a set of axioms stated
alternatively in von Neumann and Morgenstern [30], Savage {27], and Prat,
Raiffa, and Schlaifer [24]. These axioms, which provide principles for analyzing
decision problems, imply that the attracuveness of aliematives should depend on
(1) the likelihood of the possible consequences of each alternative, and (2) the
preferences of the decision makers for these consequences. The ultimate purpose
of decision analysis is to help decision makers make better decisions. The anal-
ysis provides a basis for the decision, not just the decision itself. Information
gaps can be uncovered and filled, differences in values can be openly examined
and communication about objectives, values and risk attitudes become more
open within the organizational structure,

Single and multi-objective decision analysis provide the firm strategic
choice models -- models which provide a systemauc and comprehensive approach
to decision making. A formal description of the decision problem in decision
analysis 1s characterized as the “comprehensive decision busis™ after Howard [13].
(See Figure 1.) The comprehensive decision basis consists of a quantitative
specification of the four fundamental elements of the decision problem: the
strategy, the choice, the information and the preferences of the decision maker or
firm. Each of these components may have varying degrees of complexity: Struc-
turing the decision problem requures the firm to specify a strategy as defined by a
set of objectives as well as individual atuributes to measure the achievement of
those objectives. The choice element consists of identifying the proposed or
available decision alternatives. [n the information phase the analyst assesses the
impact of each altemative on the set of objectives. This phase may involve long
time horizons, probabilistic information about outcomes and probabilistic de-
pendencies among attributes for different alternatives. The preference assessment
phase focuses on formally measuring the decision maker's value tradeoffs among
objectives, equity concemns and risk attitudes. Value tradeoffs and risk attitudes
are particularly complicated because there are no night or wrong values. Basical-
ly, what is needed is an objective function which aggregates the firm's objectives
and attitudes toward risk. In decision analysis, such an objective function is re-
ferred to as a utility function,

A MODEL APPLICATION

The MAUT model described below was utilized by a large independent oil
company based in Houston, Texas, which is active in petroleum exploration
both in the United States and abroad. As an indicator of the relative importance
of exploration resource allocation, the company's annual exploration budget was
approximately $200 million, about 75% of the firm's overall capital budget.
Total asset value of the firm was approximately $2 billion. As is the case for
most large independent and integrated oif companies, exploration activities were
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FiGURE 1. Each of the elemeuts of the comprehensive decision basis
are elicited from the decision maker or his delegates; the decision basis
should accurately represent the strategy, alternatives, information and
preterences provided direcdy or indirecty by the decision maker,

located in a broad range ol geologic setungs with varying degrees of oil and gas
reserve potential. Chance of success as well as the distribution of possible re-
serve outcomes varied significantly within these various exploration regions.
Ouher sources of uncertainty such as price risk and political risk also existed.
Management was concemed with evaluating these diverse projects consistently
with respect to each component of risk and uncertainty as well as constructing an
exploration portfolio consistent with the firm's business objectives. It is also
important o nole that the company had avatlable more positive expected net
present value projects than available investment capital, Therefore, it was tm-
pertant to determune the appropriate level of diversification among the set of
exploration projects avatlable to the firm. An important part of this process was
(o identify the optimal level of paru‘cim{ion in each project.

SETTING STRATECIC OBJECTIVES

Objuctives are widely recognized as essential tor informed dectsion making.
All organizations and individuals have objectives and values, etther explicit or
implicit, that guide their decisions to some extent. (Keeney & McDaniels, [191).
Authorities on strategic management often discuss the need for objectives,
somelmes cast in terms of mission statements or organizational goals, as a key
step in developing approaches to stategic management. Clarity of organizationat
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values and the integration of multiple objectives has becomne increasingly im-
portant as firms deal with more complex decision tasks (Byars [5] & Thompson
[28)).

Unless an organization's mission and direction are translated into measurable
performance largets an organization's mission statement is just window dressing.
Companies whose managers set objectives for each key result area and then ag-
gressively pursue actions calculated (o achieve their performance targets are
strong candidates to outperform companies whose managers operate with hopes,
prayers and good intentions. Explicitly stating organizational objectives in mea-
surable terms and then holding managers accountable for reaching their assigned
targets substitutes purposeful strategic decision-making for aimless actions and
confusion over what to accomplish and provides a set of benchmarks for judging
the organization's performance.

The first step in the MAUT analysis was for the company to articulate a
business strategy with regard to its exploration efforts, This part of the mode!
development focused on identifying those performance objectives that manage-
ment judged o be tmportant to the overall success of the firm. For this purpose,
the analyst met with key personnel (o obtain thewr view on those objectives im-
portant to the company. This open discussion was designed to result i a well-
articulated set of objectives which were fundamental to the firm's overall strate-
gic objective. The "objecuve hierarchy” provides a structure for clarifying the
values of interest and a visual representation of the company’s business objec-
tives for a given context. In the case of this oil company, management agreed
that the firm's overall strategic objecuve was (o “improve business unit's overall
performance”. Management rendered this very general overall objective more
useful by speéifying a set of measurable sub-objectives.

For example, the company specified as the major sub-objective "select the
best E&P project portfolio”. Guided by the analyst, management identified what
factors were fundamentally umportant in the context of achieving this objective
ensuring that important sub-objectives were not omitted. Figure 2 depicts a hi-
erarchy of (he overall objective with a set of sub-objectives that were used {0
evaluate decision alternatives.

These sub-objectives were consistent with the company's fundamental
business strategy as well as 1ts publicly stated comporate objectives. It is impor-
tant 1o specify an attribute 1o measure the degree to which each of these sub-
objectives 15 achieved. For example, the attribute associated with "maximize
reserve replacement” is the reserve replacement percentage which was defined as
reserves booked for the budget peried divided by the amount of reserves produced
for that same period times 100, The objectives and their corresponding attributes
of measurement were as follows:
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| Multi-Objective Portfolio Model for
apital Allocation
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FIGURE 2. Hierarchy shows overall SLra{e[gic objective and the set of
sub-objectives by which ex&lomu'on portfoito altematives were judged.
The box with question marks indicates that any number of additional
sub-objectives could have been incorporated into the decision model.

- Maxunize the reserve replacement percentage (booked BOE!/produced
BOE x 100)

- Minimize portfolio reserve finding costs (8 expenditure/BOE reserves)
Maximize portfolio net present value ($ net present value)
Maximize the portfolio return on nvestment (a profitability index
measured as discounted profiviotal investment)

The second step in this process was o develop a scenario generation model
which would enable management (o observe the effects of portfolio changes on
each business objective. Beginning with the {irm’s current porifolio of projects,
this spreadsheet-based model computed the expected performance measures on
each dimension of interest. Based on the outcome distributions for each of the
unknowns associated with each exploration project, which were provided by the
company's geologists and engineers, the scepario generalion model utilized
monte carlo simolation o compute a probability distribution for each attribute
of the project portfolio. For example, in the current exploration porifolio, the
mode! computed a probability distribution on reserve replacement percentage,
finding costs, net present value and the profitability index (ROI), These inital
valuatons were based on the firm's current portfolio of exploration projects and
the levels of participation associated with cach of those projects.

To investigate the effects on the company's business objectives, the mix of
projects in the portfolio were changed. Management provided minimum and
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maximum participation levels for each of the projects available to the firm.
These values represented a range of the possible participation levels available (o
the firm for each project. For example, though the firm may hold or have avail-
able a current interest of 50% in a given project, it may also have the option to
participate at up to a 100% level or to completely reject the project (minimum
interest of 0%). If the firm had an opportunity to take mulliple projects in a
particular exploration context, the fum could specify an upper bound on the
number of projects available in this category.

Simulation was utilized to generate over 2500 potential portfolios based on
changes in participation levels for each project. For each portfolio, a distribution
of possible outcomes was computed for each of the objectives specified by man-
agement. Expected values were also computed for each performance dimension,
enabling management to readity compare each revised portfolio to the company's
current mix of projects. Since these preliminary comparisc}ns were On an ex-
pected value basis, they were independent of management's risk preferences about
each dimension. Operating constraints, such as contractual «drilling commit-
ments, working inierest participation agreements and total exploration budget
constraints (both maximum and minunum) were an integral part of the model.
Stmulated portfolios which did not meet these management-specified constraints
were deleted from the anadysis.

Upon compleuon of the scenario generation model, the data were reviewed
with management tn arder to clarity the set of outcomes generated and (o identify
the range of possible outcomes for each of the attributes (NPV, finding cost,
etc.). The range of possible outcomes for each of the performance objeclives
from a simulagon on the company's exploration opportunities is shown in Table
1. These performance values represented the best and worst portfolio outcomes
evaluated in the simulation. These values do not represent expected outcomes,
but rather, the best and worst possible outcomes on each dimension over the set
of 2500 portfolios generated. Ranges established are an important component in
the assessment of utlity functions and value tradeoffs. These ranges are essential
sO that priorities among objectives can be set in a way that makes sense and has
a meaningful interpretation o management.

ASSESSING THE COMPANY'S UTILITY FUNCTION AND
TRADLEOFFS OF OBJECTIVES

[n this strategy/eapital allocation problem it would Iikely be unpossible o
achieve the best level with respect 10 cach objective. That naturally leads us o
the question of” How much should be given up with regard to one objective 1o
achieve a specified level on another?” This problem relates (o the fundamental
issue of value tradeofls. As shown in the case of the objective hierarchy in Fig-
ure 2, business objectives are often conflicting in nature. For cxample,
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TABLE 1. A list of objectives, altibutes and ranges based on the
(;?nfolio scenario generation model. Attributes are in parentheses.
orst and best refer to levels of the attribute.
’_— . s . ' Worst Best
Objectives/Attributes of Interest Level Level
Reserve Replacement Percent (booked BOE/produced 30% 670%
BOE x 100}, xj
Finding Cost {§ expeaditure/BOE ceserves), x3 39.28/BOE $2.10/BOE
Net Present Value (3 NPV), x3 3-60 Miilion $930 Million
Return on Investment (Disc. Net Profit/investment), xg 0.60 220

maximizing reserve replacement for the current period was not necessarily con-
sistent with maximizing net present value. Large, capital intensive projects
characterized by high net present values would requice long pericds for develop-
ment. As a consequence, short term reserve replacement may be quite low. It was
necessary for management to define those tradecffs and integrate them into a
allocation mode! that would be consistent with the firm's overall business strat-
egy.

Risk and uncertainty were also important issues in the context of achieving
corporate objectves. There were risks and uncertainties associated with each of
the attributes in the explorauon portfolio selection problem. For this reason,
some measure of the firm'’s willingness to accept these risks was necessary for
development of an effective decision model. Basically, what was needed was an
objective function which aggregated all the individual objectives and an attitude
toward risk; to achieve this a utility function, symbelically written u(x), was
constructed. Then u(x), the utility of the consequence x, would indicate the de-
strability of x relative to all other consequences over the range of interest. Since
the company's preferences about uncertain outcomes for each attribute differed,
separate utility funcuons on each attribute were constructed. Figure 3 demon-
strates that measurement of each objective’s achievement is affected by the deci-
sion maker's preferences for outcomes on that objective?,

Recall that the overall utility function had four major components defined as
(1) reserve replacement percent, (2) finding costs, (3) netl present value, and (4)
return on invesunent. Uulizing the general form of the additive utility function

we can specify:

U(I) = Zkf-ur-(.t,-) (l)
=]

EORU LS
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where,
i = attribute of interest
x = evaluation unit for attribute ¢
u = decision maker's preference for x

e
k = relative importance of attribute ;, where > &; = 1
i=]

The higher the multi-atiribute utility measure, u(x), the more desirable the
alternative. Thus the magnitudes of the utilities for each allernative can be used
Lo establish a ranking that indicates the decision maker's preferences for the al-
ternatives. The uulity values associaled with an alternative are directly related w©
the objectives originally chosen to guide the decision and reflect the degree of
achievement of those objectives. The decision model captures the uncertainty
associated with the possible outcomes, the decision maker's preferences about
those uncertain outcomes and the relative importance (k values) of the objectives
developed in the hierarchy3. To illustrate the types of judgments necessary (o
determine a utihity function, we provide some exampies of the value trade-off and
risk attitude assessment procedure utilized in this applicaton. This procedure
should be carried out with individuals holding primary decision responsibilily in
the firm. In the case of this oil company, primary responsibility for the explora-
tion capital allocation decisions was held by a senior vice president (VP).

To quantify 2 utility function for each attribute, the VP was asked to express
preference, or lack of preference (indifference) if it exists, between pairs of speci-
fied gambles or between a gamble and a certain outcome. Hence his judgments,
and the resultant utility functions based on these judgments, take into account
both strength of preference for various outcome states and preference or aversion
for varying degrees of uncertainty. The only strict requirement on the range of
payolf values encompassed by the preference curve is that the minimum and
maximum values for the probiem at hand are included. For example, in the as-
sessment of the utlity function on the attribute reserve replacement percentage
(x7), we are interested in focusing on the range of possible values generated in
the portfolio scenario generation model, 30 to 670 percent as shown in Table 1.
This is the range that corresponds (o the problem at hand, the range that i$ im-
portant 10 the decision maker and the one he is most likely to be able to relate w
In g consistent manner.

The utility function is mapped over the range of interest (worst and best
levels from Table 1) and normalized from Q to 1.0 by the use of scaling con-
stants. The worst case and best case scenarios {or the attribute of interest are, by
definition, set at preference values of 0 and 1.0, respectively. As an example of
the preference assessment procedure for reserve replacement ratio, we identify
both a lottery and a consequence which are equally preferred by the decision
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FIGURE 3. Decision maker preferences about each of the model's
objecuves are mapped in the tonn of utility funcuons. The utility
funcuon assessment procedure also involves evaluaung the relative
unportance of each objective.

maker. For instance, the VP indicated he was indifferent between the certain
consequence of a portlolio reserve replacement percent (RRP) of 150% and a
lottery yielding either a 30% or 670% RRP with equal chances of 0.5 (see hold-
face in Table 2). Then, to be consistent with the axioms of decision analysis,
the utitity {preterence value) of an RRP value of 150% must be equal to the
expected utility of the totiery. Since we have assumed that the maximum value
in the range, 670%, is equal to a utility of 1.0 and the minimum value in the
range, 30%, is equal to 0, then the expected utlity of an RRP of 150% is equal
1o:

i (150070) = 0,511(670%) + O.Su(SO%) (2)

=0.5(1.0) + 0.5(0.0) = 0.50

The certain value (150%) which just makes the VP indifferent between the
uncerain gamble and dhe certain value is known as the ceriainty equivalent,
From this pomnt on, the gambles depend on the certainty equivalent specified
(CEQ) at each step. Table 2 shows an example of the set of gambles utilized in
this procedure and the CEQ's specified by the VP for RRP. Utilizing these
preference values, we were able (o construct the decision maker's utlity function
on the atribule reserve replacement percentage (see Figure 4). This same proce-
dure of preference assessment was utilized for each of the attributes of interest in
the muiti-objective decision model. The component utility functions for each
attribute are then combined into the overadl multi-objective utility function ud-
lized in the portfolio model.
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TABLE 2. Results of preference assessment using 50-50 gambles for

the reserve replacement percentage attribute, Certainty
(CEQ) represent that certain value the decision maker

willin

offs of outcome #1 and #

urvalents
(65 P) was just

to take in lieu of EarLicipating in the 50-50 gamble with pay-

50-50 Gamble Assessment Procedure
Aftribute: Reserve Replacement Percent
Outcome #1 Qutcome ¥2 CEQ Utility
{By Definiticn) 8670 1.0
(By Definition) 30 0.0
670 30 150 0.50
870 _ 150 300 0.75
150 30 70 0.25
70 30 45 0.125
870 300 420 0875
Preference Function
Reserve Replace. Percent
1 I l '
0.8 T ' :
0.7 ' P | '
206 | L | ' |
g os Pl f _
E 0_4 /k | H |
¢ 03 I T ; T
0.2 7 W150%) = 0.50 I ! :
0.1 | , | '
a '_Z N | i
a 1 2 3 4 5 8 7
Certainty Equivalent - RRP
{Percent x 100)

FIGURE 4. Prelerence funclion represents deciston maker's utility or
strength of prelerence tor the attribule, reserve replacement rtio.
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Returning to the scaling constants, &;, in the multi-attribute utility function
(Eq. 1), recall that these constants measure the decision maker's relative trade-offs
among objectives. It was possible to ask the VP some meaningful questions
about k;'s to get scme feeling for their values. For example, the analyst asked
the VP to imagine that all attributes are at their worst case; then, if he couid
choose only one attribute to move o its best case, which attribute would that
be? The VP selected reserve replacement percentage (x;). The second question
asked of the decision maker was to choose between (1) pushing reserve replace-
ment percentage to its best case scenario (670%) or (2) pushing all three other
attributes to their best case scenario. A choice of altermative (1) implies that k; >
ky + k3 + kg and that k; > 0.50. Since alternative (1) was the VP's choice, the
same procedure was used to mnvestigate the relative importance of the remaining
three attributes. Lets assume, though, that the decision maker had chosen alter-
native (2); this would imply that k; < kz+ k3 + kg and that &; < 0.50. In this
case the analyst would ask the following question: would you rather have reserve
replacement percentage (x;) pushed to its best case scenario than net present
value (x3) and return on invesunent (x4} jointly pushed to their best case scenar-
1087 An affirmative answer implies that k; > &> + &3 3 negative answer implies
the inverse. This type of procedure was continved until properties of the &/'s,
which are reasonable approxunations of the decision maker's tradeoffs among
objecuves, were inferred,

There are invariably inconsistencies in the inital assessments. However, the
assessment procedure lends iself well to revisions, in order 10 more realistically
represent the decision maker's values and preferences. The analyst employed sys-
tematic and formalized methods for ensuring consistency of preferences and ob-
jective tradeoffs in the assessment procedured. These methods were utilized until
both analyst and decision maker were comfortable with the assessment results.
The following scaling constants, k;, were assessed for each of the four major

objectives:
k; = 0.30 (reserve replacement percentage)
k> = 0.15 (finding costs)
k3 =0.40 (net present value)

ky=0.15 (return on invesunent)

These scaling constants inust be interpreted using the ranges for each atteib-
ate in Table 1. Each scaling constant indicates the relative importance, in tenns
of overall contribution to the major objective of "selecting the best portfolio”, of
moving the corresponding attributes from their worst (o their best levels in Ta-
ble 1. The scaling constants allow determination of the decision maker's priori-
ties or relative weights for the corresponding objectives.
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EVALUATING AND COMPARING EXPLORATION PORTFOLIOS

Once the decisi_on problem was structured, the magnitude and associated
likelihood of consequences determined, and the preference structure established, it
became necessary to synthesize the information in a rational manner to evaluate
the alternatives in light of the firm's business objectives. It follows from the
axioms of decision analysis that the basis for this evaluation 1s the expected
utility for each altemnative. The selection of the most appropriate portfolio strat-
egy begins with an evaluation of the available options. Recall that the scenario
generation model was designed to analyze over 2500 portfolio scenarios. Table 3
shows expected value measures for each attribute of interest for ten of these
portfolios and the firm's current poctfolio which were computed in the scenario
generation model. This part of the decision model also computed probability
distributions for each of the atributes of interest (x;, xz, X3, x4). When model-
ing decisions under risk and uncertainty, it is important that a reasonably accu-
rate representation of the range of outcomes, as well as their probability of oc-
currence is avarlable. The minimum and maximum values for each attribute
shown in Table | were generated in this portion of the model. Each portfolio
analyzed represents a different mix of projects and participation levels for the
drilling invesunents available to the fum.

It is apparent that other pordolios generated in the mode! achieved higher
expected values on certain objectives than the firm's current portfolio. However.
it is also easy to observe that no one portfoho represents the dominant choice in
terms of achievement of alf objectives. For example, Scenario #10 represented a
substantial improvement over he current portfolio in terms of expected net
present value and reserve replacement percentage, However, the current portfolio
better achieved the objectives of maximizing return on investment and minimiz-
ing finding cost than does Scenario #10. Similarly, Scenario #7 possesses supe-
rior expected values on all dimensions except reserve replacement percentage
than the current portfolio. However, the reserve replacement percentage for this
scenario was signilicandy lower than the current portfolio (68% vs. 91%). 1t 1s
also important (o note that Table 3 only swnmarizes the mean of the distribu-
tion for each attribute . The decision miker, however, is more concerned with the
relative uncertainty associated with each attribute's outcome. For example,
though Scenario #10 has the inghest expected reserve replacement pereentage, it
also has the highest varunce 10 its reserve replacement percentage disuribulion.

The MAUT approach enabled the decision maker to incorporale his prefer-
cnces about these uncenain outcomes and a measure of the relatve importance of
cach ohjectve. Altogether, 2500 portfolios were evaluated. These portfolios were
evaluited on the basts ol 4 awwtbutes. and the value structure is quantificd by the
utility funcion u{x} tor cach atutbule. In the case of uncertainty, the expected

ity mmecnre ey L ekl i G o T
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TABLE 3. Portfolio scenarios are generated by the multi-objective
decision model. A distribution of outcomes on each key attribute are
measured as well as the expected value. Risk preference and a multi-
objective approach are then incorporated into the analysts through the
caI'cuIaLion of an expected ulility measure.

EXPECTED VALUE
RRP (x;) Find Cost(xy) NPY(1j)) ROI{ry EXPECTED
Portlolio "% S/BOE $Millioa ratg UTILITY
Current Portlolio o 1.66 197,500 1.802 053
Scenario #1 % 425 151,300 2.40 0.49
Scerario #2 122 47 253,500 0.950 0.59
Sconanio #3 14 5.89 305,100 431 0.69
Scenario #4 104 335 192,300 133 0.68
Seenanio #5 160 356 422,200 1.00 0.73
Scenario # 141 £10 226,400 6.31 .48
Scenanio #7 58 3.30 126,900 475 0.55
Scenario #8 108 12 368,700 L.65 0.57
Scenario #9 (37 3ae 309300 310 0.76
Scenaric #10 126 451 528,300 1.55 0.69

mean of the distribution for each anribute. The decision maker, however, is
more concerned with the relative uncertainty associated with each attribute’s
outcome. For example, though Scenario #10 has the highest expected reserve
replacement percentage, it also possessed the highest variance in terms of the
reserve replacement percentage distribution.

The MAUT approach enabled the decision inaker 10 incorporate his prefer-
ences about these uncertain cutcomes and a measure of the relative importance
of each objective. Altogether, 2500 portfolios were evaluated. These portfolios
were evaluated on the basis of 4 attributes, and the value structure 1s quantified
by the utility function u(x) for each atiribute. In the case of uncertainty, the
expected utility measure, Eu{x), is substituted for u;(x;) in Equation 1, where:

wi(xp) = Eu(x;)= 3, pu(x;) (3)
/=1 '

where x; is the attribute of interest, i = 1,2,3.4, and p is the probability of out-
come j for each attribute x;, and the sum of p;....p, is equal 19 1.0. Outcomes
(x;} and associated probabilities (p;) vtilized in Equation 3 are based on the
probability distributions computed on each attribute in the scenario generation
model. Then, with Equation 1, our computed values of u(x;) from Equation 3,
and the assessed scaling constants for each attribule, &;, we are able 10 compute
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the expected utility for each portfolio alternative; this value is shown in the last
column of Table 3.

The expected utility value represents a measure of overall preference by the
decision maker for each portfolio, given the risk and uncertainty associated with
each performance dimension, If the expected utility for one portfolio option is
higher than that for another, the first should be preferred; thus, options can be
ranked using their expected utilities. In the example in Table 3, we observe that
Pontfolio Scenario #1 has an overall expected utility value of 0.49 while aimost
all other portfolio scenarios possess higher utility values. This suggests that
these portfolios were more preferred by the VP than Scenario #1. The informa-
tion in Table 3 can be used to evaluate the desirability of each portfolio option.
In fact, the project and working interest participation mix for Scenario #9, with
an expected utility value 0.76, is the most appropriate mix of investments of all
portfolios shown in this sample. This portfolio represents the most desirable
decision strategy given the decision maker's tradeoffs among objeclives and
preferences toward uncertaun or nsky outcomes.

SENSITIVITY ANALYSIS

The tmportant products of an analysis are its insights, which can best be
provided by examining several sensitivity analyses on key decision and state
variables. Using the multi-objective decision model it was easy to conduct a
sensiuvity analysis on critical uncertainties by varying inputs related to proba-
bility of success, reserve outcomes, product price, etc. for individual exploration
projects. This changed the nature of the uncertainty on each attribuie for indi-
vidual projects, as well as the portfolic of projects. Changes in the risk charac-
teristics may profoundly atfect the expected utility analysis and the overall rank-
ing of project portfolios. With regard to key decision variables, the maximum
and minimum working interest options available for each project were varied.
This enabled analyses of a different set of decision opportunities or portfolios
and tnvestigation of the effects on the optimal exploration investment strategy.

Sensitivity analysis was also conducted on the objective weights, k,.
Weights were adjusted (o investigate the impact of changes in the unportance of
the firm'y strategic objectives. Management was able to observe the eftects of
changes in objective weights on changes in the portfolio mix. To delete nbjec-
tives, for example, simply required that the &; value on that objective in the
utility function be set to 0. This process of sensitivity analysis was helpful 10
the decision maker in understanding the iinpacts of objective sewing and value
tradeoffs among objecuves, on identifying the appropriate invesunent strategy.
Sensitivity analysis on individual preference functions, u;, enabled management
to examine the imphications of different value judgments {from different key in-
dividuals within the fum. This process provided insight about possible differ-
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ences amony decision making individuals in the company. In the case of sub-
stantial differences, the basis of these differences should be investigated and re-

solved.

DISCUSSION AND IMPLICATIONS

The multi-objective decision mode! was oriented around iterative applica-
tion, with each use yielding guidance for new data and modification of critical
model variables, i.e. risk preferences, objective weights, etc. The MAUT model
incorporated a precise mathematical decision rule, that is, maximize expected
utility. However, its effectiveness as a decision aid was related as much (0 its
ability to provide decision makers insight into the effects of setting business
objectives and risk policy on the invesunent choice process. The model's ex-
plicit and systemaltic nature of trading off conflicting objectives as well as mea-
suring corporate risk preferences produced a more informed and mtional decision
process, This approach to capital allocation enabled the firm to avoid the casual
and unsystematic handling of critical issues such as assessing risk attitndes and
selting strategic corporale objectives when allocating scarce capital,

One of the key issues facing senior management in all companies and
business sectors 1s effective management of the resource allocation process.
Critical to this process is integrating the capital allocation policy with an over-
all business strategy. An effective means to facilitate this process is to clarify
objectives and comimunicate a coherent risk policy for organizational decision
making. In addition, the process of specifying objectives and utility functons is
useful for identifying potenual strategies and decision aliernadves. A well-com
municated set of corporate objectives and an organizational uvulily function make
it easier for key employees (0 make appropniate decisions within their realm of
sesponsibility. Well-articulated strategics, as well as systematic models of deci-
sion making, improve the quality of decisions and provide a solid framework for
effecting a compelitive business strategy.
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ENDNOTES

BOE represents barre! oil equivalent.

More details about the assessment of utility functions can be found in
Fishbum (1967), Huber (1974), Keeney & Raiffa (1976), Bell (1979) and
many other sources. 3

[t is important to note here that the additive preference independence condi-
tion must be met before it is appropriate to utilize this form of utility
function. Other, less strict conditions of preference independence, such as
mutual utility independence, would suggest that more appropriate forms
such as the multilinear (2-attribute case) or the mutliplicative form (3 or
more atnbutes) should be utilized.

See Keeney and Raiffa (1976) for a more detailed discussion of the prefer-
ence assessment procedure. 20
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